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Abstract  

 

This study investigates the impact of floor height on indoor thermal comfort in municipal 

residential buildings in Hawassa, Ethiopia. The research underscores the critical role of 

architectural design—specifically, floor height—in influencing thermal performance, energy 

efficiency, and occupant well-being. A mixed-methods approach was employed, incorporating 

Design Builder simulations, occupant surveys, field measurements, and behavioral 

observations through hidden cameras to analyze these effects. Findings reveal that lower floor 

heights (below 2.5 meters) contribute to increased thermal discomfort due to poor ventilation, 

heat accumulation, and a heightened sense of confinement. In contrast, higher floor heights 

(above 2.65 meters) improve natural ventilation, reduce heat retention, and enhance 

perceptions of spatial comfort. Hidden camera footage further highlights behavioral 

adaptations, such as increased use of cooling devices and residents seeking outdoor shaded 

areas to mitigate discomfort. Additionally, government-constructed residential buildings often 

prioritize cost efficiency at the expense of thermal comfort, exacerbating these challenges. 

Based on the findings, the study recommends a minimum floor height of 2.65 meters for new 

residential developments, alongside passive cooling strategies and retrofitting solutions to 

enhance thermal conditions in existing structures. These insights provide valuable guidance for 

architects, urban planners, and policymakers seeking to design sustainable, thermally 

comfortable, and psychologically supportive residential environments in Ethiopia and other 

tropical regions. 

Keywords: Thermal Comfort, Floor Height, Indoor Environment, Design Builder, Hidden 

Camera, THI, PMV/PPD, Hawassa City.
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CHAPTER ONE 

1. INTRODUCTION 

1.1. Background of the study 

The mental state that reflects satisfaction with the environment is known as Thermal comfort. 

Researchers examine Thermal comfort levels in a variety of settings. Research indicates that a 

few elements can alter people's comfort in a building. Understanding these elements may aid 

designers in creating comfortable environments. One of the elements that impact thermal 

comfort is the building Floor height. Thermal comfort is a critical factor in building design, 

particularly in hot climates. Research indicates that floor height plays a significant role in 

influencing indoor temperature, air circulation, and occupant well-being. According to Nicol et 

al. (2017), higher ceiling heights allow better air stratification, reducing heat buildup and 

improving overall thermal conditions. In contrast, low ceiling heights tend to trap heat, 

increasing reliance on mechanical cooling (Nicol & Roaf, 2017). Despite having different 

characters and personalities, people exhibit the same emotions in similar Thermal comfort 

situations, according to research on the commonalities betw een people's comfort-related 

feelings. When the heat condition is taken into account, this is much more obvious (Mofrad, 

n.d.). 

Early humans first used campfires 1.5 million years ago, which marks the beginning of indoor 

environments. The campfire was eventually brought inside huts and caves. The invention of air 

conditioning, which had a significant influence on the indoor environment, also occurred at the 

start of the 20th century. The Stock Exchange building in New York, USA, designed the 

cooling system that used three ammonia absorption chillers, with a cooling capacity of 1,582 

kW, is likely the first structure with cooling (without using ice). Willis Haviland carrier (The 

father of modern air conditioning) did not, however, become the most well-known HVAC 

engineer (Centnerova, 2018). 

Thermal comfort has evolved as a critical aspect of indoor environments, particularly in hot 

climates where ventilation and heat management play a significant role. Several studies have 

highlighted key architectural factors that influence indoor comfort, among which floor height 

remains an understudied variable in the Ethiopian housing sector (Hailu et al., 2021). 
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90% of the average American's time is spent indoors (Fisk & Rosenfeld, 1997), and a large 

portion of that time is spent at work in commercial office buildings. A growing body of 

research demonstrates that happy residents are more alert, have more energy, and take fewer 

sick days, all of which translate to happier, more productive workers. Despite the fact that 

comfort is unquestionably vital, the traditional air temperature-centric design strategy has been 

ineffective and expensive in buildings for decades. Wall thermostat readout of 72 degrees does 

not even begin to tell the whole story, as anyone who has ever sat next to a single pane window 

in the winter knows. The comfort of a person is influenced by a wide range of additional 

factors, including radiant temperature and air speed. A design strategy can become more 

targeted and concentrated the building energy where it had the biggest impact on occupant 

comfort by paying close attention to every variable. This helped it move away from a one-size-

fits-all approach and toward directly addressing the needs of each individual occupant (Rawal et 

al., 2019). 

The conditions for comfort were displayed on a psychometric diagram in the 1923 article 

"Determination of the comfort zone" (Houghten & Yaglou) from the ASHRAE Journal. They 

made use of the "Effective Temperature" (ET) index, which was widely used over the ensuing 

50 years. The dry bulb temperature (DBT) of a uniform environment with relative air humidity 

of 50% is referred to as ET (Houghten, F.C., & Yaglou, C. P. 1923). This environment would 

have the same heat exchange processes of radiation, convection, and evaporation as the 

environment under consideration. In 1936, Adolf P. Gagge (1908-1993) unveiled his "Two-

node model." Two energy balan ce equations—one for the core node and one for the skin 

node—are used to calculate the thermal response. This model (sometimes referred to as the 

Pierce model) makes the assumption that the total heat exchange between people and their 

environment through metabolism, activity, evaporation, radiation, and conduction is zero. 

Gagge developed the model with his colleagues at the JB Pierce Laboratories of Yale 

University. Gagge used his model to apply the first law of thermodynamics (energy 

conservation) to people and their surroundings. Later, this model was expanded (after World 

War II) (Centnerova, 2018). The thermal behavior of the environment has been the subject of 

numerous intricate studies in a variety of climates. According to Hashimoto, K., & Yoneda, H. 

(2009), the height of the room has a significant impact on thermal comfort. One of the core 

components of indoor environmental quality is thermal comfort, which has a direct impact on 

both occupant satisfaction and building energy consumption. Using CFD software to monitor 
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buildings, Hashimoto and Yoneda (2009) studied the variation of floor heights and their effects 

on thermal load and ventilation and elaborated the findings. There are some design elements 

that have an impact on how much energy is used in buildings, including the  thickness of 

insulation, the materials used, the use of passive and active solar design elements, shadings, the 

size of opening areas, colors, the reflectivity of the materials, and others. The goal of this study 

is to determine how floor height affects heating energy usage, which can both increase thermal 

comfort and lower heating energy costs. Due to unique regional characteristics like climates and 

building types, these results vary greatly (whether be residential or non-residential).The 

investigational classroom was designed using Neufert standards. The secondary school special 

courses classroom is estimated to be 40–45 m2 (The Area of a classroom specifically designed 

for special courses In a secondary school and the size range represents the approximate floor 

space of the classroom as per the design standards mentioned in the study, such as Neufert 

standards) (Ghafari & Heidari, 2018). 

According to ANSI/ASHRAE Standard 55(Schiavon et al., 2014), thermal comfort is a 

subjectively assessed mental state that shows satisfac tion with the thermal environment. The 

heat engine in the human body is powered by food. The human body release additional heat into 

the environment in order to continue functioning. Both the hot and cold conditions are 

uncomfortable. Maintaining this level of thermal comfort for people inside of buildings or other 

enclosures is one of the main goals of HVAC (heating, ventilation, and air conditioning) design 

engineers (Sansaniwal et al., 2022). 

Investigational studies conducted over a long period of time in different countries defined a 

number of thermal comfort levels(Mishra & Ramgopal, 2013). The studies, however, by 

Meshal AlOtaibi and Nikravan Mofrad Mojgan, which were more pertinent to my field of 

study, are titled "The Effect of Ceiling Height on Thermal Comfort for Ceiling-Based Air 

Distribution Systems Vs Underfloor Air Distribution Systems in an Office Space(AlOtaibi, 

2018)" and "The Impact of Floor-to-Ceiling Height on Human Comfort (Nikravan Mofrad, 

2014)," respectively.  

According to (AlOtaibi, 2018), the study focused on the contribution of CBAD and UFAD 

systems to improve the thermal comfort of the occupants. The primary data used in this study is 

the thermal comfort ratings of the rooms that were chosen for the investigation using only 

simulation software. This was done to analyze how the rooms are air-conditioned using CBAD 
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and UFAD systems, and only the FloVent simulation program was used to move air and heat in 

the office rooms (Alotaibi, 2018). 

According to (Nikravan Mofrad, 2014), the study examines how a residential unit's floor to 

ceiling height affects people's comfort levels. In order to confirm the existence of the desired 

comfort conditions, only the comfort measuring device is used. The unit also serves to monitor 

consistency of internal conditions during changes in height. Comfort levels stay within a 

predetermined range. The tests were conducted in the same location, in a lab with a height-

adjustable roof. The Simulation software were not taken as a data measuring tool and not yet 

proposed model (Nikravan Mofrad, 2014).  

This research was carried out to fill any research gaps left by earlier studies on the thermal 

comfort issue as it is related to low floor heights and residential housing in Hawassa, Ethiopia. 

However, conducting this research helped for better understanding of how the independent 

variables; floor height, Temperature, and Humidity conditions affect dependent variable; indoor 

thermal comfort. Determining how the Floor height condition was used to address some of the 

problems that had a negative impact on human life while also promoting indoor thermal 

comfort, human health, and well-being is the main aim of the study. 

It is clear that people are the primary cause of indoor thermal comfort, despite the fact that they 

are shielded from the environment's hot climate, people ought to be aware of how the size of 

their homes' enclosures affect their health. According to the research, low floor height increases 

will lead to greater indoor thermal discomfort in Hawassa, Ethiopia, which has a tropical 

climate. To fill the research gap, research was done using questionnaires, portable instruments, 

and software techniques. The gap's general foundation is outlined in the gaps identified section; 

furthermore, floor height is not considered to have a direct impact on thermal comfort, and 

measurement and questionnaires are not used in the study's methods.  

Motivation of he study; I have noted February 10 to March 05 is experienced overheated 

periods; this is also the hot and warm season of Hawassa where I was born and raised. Yet, the 

residents of the kebele houses in Hawassa continue to face the same complications in terms of 

thermal comfort. What is the advantage of floor height levels to satisfy the needs of inhabitants 

for human comfort, I have been wondering myself for a while. Because research starts with 

recognizing a problem, I took this opportunity to study this issue. Following that, this study 

recommended the ideal floor heights for thermally enjoyable residential homes for both owners 
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and the government to utilize as a guide when constructing a structure. The lack of participation 

from residents during the design development phase makes it difficult to improve the height 

condition while the government (kebele) has been constructing its own non economical 

housing. These therefore had an impact on the building's floor height, with lower floor heights 

deserving less expenditure. 

1.2.  Statement of the Problem 

To determine the extent to which thermal variables affect human thermal comfort under 

particular climatic conditions, many nations conducted a number of thermal comfort studies. 

The majority of thermal comfort research was carried out in developed nations, In Ethiopia, 

limited research has explored the role of floor height in indoor thermal comfort, particularly in 

government-constructed housing. Studies by Yadeta et al. (2019) highlight that inadequate 

ventilation in low-cost housing exacerbates thermal discomfort, often leading to increased 

health risks such as heat stress and respiratory illnesses (Yadeta, Mekonnen, & Kumie, 2019).  

However in developing nations; the studies are still in the awareness-raising phase. There aren't 

any researches on thermal comfort that address climate change, and how it affects human health 

and well-being in the majority of developing nations, including Ethiop ia. Citizens can identify 

setups that could make them thermally comfortable, happy, and productive indoors through 

studies of indoor thermal comfort in a variety of climate conditions (Yadeta et al., 2019). 

From the Literature review, on most of the studies, thermal comfort is surveyed for different 

floor height experimentally. In the example of Ethiopia, the "numerical study on the effects of 

a floor height for displacement ventilation" was carried out to investigate the thermal effect of 

ceiling height for a small office space for a displacement ventilation system using 

computational fluid dynamics analysis (Hashimoto & Yoneda, 2009). It is challenging to use 

an experimental approach to investigate the effects of a ceiling height. Therefore, 

computational fluid dynamics is used to investigate the impact of a ceiling height. Thermal 

comfort in the test room is assessed according to ISO7730-1994 recommendations for the test 

room of a different ceiling height (Hashimoto & Yoneda, 2009). 

Even though there have been numerous researches on thermal comfort recently, there are few 

researches on floor height as a factor of indoor thermal comfort of residential building, and the 

problem is still present in many regions of the world. In Ethiopia, there is a huge knowledge 

gap when it comes to residences and thermal comfort. I looked into the indoor thermal comfort 
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of residential houses in Hawassa, Ethiopia, for my study. The purpose of my study was to 

examine the thermal comfort of residents of low-floor government buildings, where the issue 

of discomfort is obvious. In order to address the issue of discomfort for people in residential 

buildings, I described floor height as important factor to affect thermal comfort in my paper. 

Specifically my study has understood the dweller’s perceptions of satisfaction and thermal 

comfort, as well as their satisfaction with the current floor height condition and outdoor 

temperature to know how much heat the floor height allowed. Evaluated floor height's effect 

on the thermal comfort of residential buildings was the study's overall objective. Laterally, 

research was done to demonstrate floor height level for the affordable thermal comfort to 

overcome the challenge of Africa, Ethiopia, Hawassa, Governmental residential building.  

1.3. Research Objectives  

Previous studies suggest that a minimum floor height of 2.65m significantly enhances natural 

ventilation and reduces indoor heat accumulation (Alfano et al., 2019). The current study aims 

to validate this finding within the context of Hawassa’s municipal residential buildings.  

1.3.1. General Objective 

 To evaluate floor height's effects on the Indoor thermal comfort of residential 

buildings and to provides strategies and design solutions.  

1.3.2. Specific objectives 

 To assess the impact of Floor Height on indoor thermal conditions.  

 To identify the Dwellers floor height perceptions, satisfaction and thermal 

comfort. 

  To provide strategies and design solutions for planners and Stakeholders.  

 To measure the outdoor temperature allowed by the floor height.  

1.4. Research Questions  

This study aims to address the following research questions.  

 Research Question 1: How does floor height affect indoor thermal conditions?  
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 Research Question 2: What are the perceptions of dwellers regarding satisfaction 

and thermal comfort in low floor height conditions? 

  Research Question 3: What strategies and Design solution can be implemented to 

improve dwellers' satisfaction with the current floor height condition?  

 Research Question 4: What is the relationship between outdoor temperature and the 

heat transfer allowed by floor height?  

1.5.  Scope of the Study 

This study examines the impact of floor height on indoor thermal comfort in municipal 

residential buildings in Hawassa City, Ethiopia, the capital of Sidama Region, covers 157.2 

square kilometers in the Great Rift Valley, bordered by Lake Hawassa, Oromia Region, 

Wondogenet Woreda, and Shebedino Woreda.The focus is specifically on government-owned, 

low-floor residential units where thermal discomfort is a prevalent concern. Data was collected 

from selected residential units within a 6-kilometer radius of the city's municipal government 

housing, ensuring a targeted analysis of indoor thermal comfort under local climatic conditions.  

Hawassa experiences a tropical climate with an average annual temperature of 19.8°C and 

significant seasonal variations. Peak summer temperatures can exceed 30°C, making indoor 

thermal comfort a critical issue (Kassahun, 2020). The study utilized accessible tools such as 

questionnaires, portable thermal comfort measurement devices, and simulation software. Due to 

technological limitations, laboratory experiments involving adjustable floor heights were not 

conducted. The research is limited to exploring thermal comfort in low-floor residential spaces 

typical of government housing in Hawassa City.  

1.6. Significance of the Study 

This study addresses critical gaps in understanding the impact of floor height on indoor thermal 

comfort in residential buildings, with a focus on government-constructed low-cost housing in 

Hawassa, Ethiopia. Its significance lies in the following key areas: 

1. Advancement of Architectural Design Standards: 

Government-constructed housing in Ethiopia typically prioritizes cost efficiency over thermal 

comfort. Studies have shown that minor design modifications, such as increasing floor height, 

can significantly improve energy efficiency and occupant satisfaction without substantially 
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raising construction costs (Mengistu & Tadesse, 2021).  

The research provides empirical evidence to guide the design of thermally comfortable 

residential buildings in tropical climates. By recommending a minimum floor height of 2.65m, 

the study establishes a baseline for future housing projects, ensuring improved thermal 

performance and occupant satisfaction.  

2. Policy Implications: 

Insights from this study inform policymakers and urban planners on the importance of 

incorporating thermal comfort considerations into housing policies. These recommendations 

aim to enhance living conditions for low-income residents while promoting sustainability in 

construction practices. 

3. Integration of Multi-Method Approaches: 

This research uniquely combines field measurements, occupant surveys, and simulation tools to 

deliver a holistic understanding of thermal comfort. The comprehensive methodology bridges 

the gap between theoretical models and real-world applications, setting a precedent for future 

studies in similar contexts. 

4. Enhancement of Resident Well-being: 

By addressing thermal discomfort in government-constructed housing, the study highlights the 

psychological and physiological effects of low floor heights on occupants. Proposed solutions, 

such as retrofitting and passive cooling techniques, aim to improve quality of life for residents.  

1.6.1. Study Limitations 

 While this study offers valuable contributions, it is essential to acknowledge its limitations:  

Technological Constraints: Due to limited resources, laboratory experiments with adjustable 

floor heights were not conducted. Instead, the study relied on simulation tools and field data.  

Geographic Scope: The study focuses on municipal residential buildings in Hawassa, which 

may limit the generalizability of findings to other regions with different climatic or 

socioeconomic conditions. 

Behavioral Analysis Limitations: Though hidden cameras were used to observe behavioral 

patterns, ethical considerations may have constrained a deeper exploration of occupant 
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adaptation strategies. 

1.6.2. Organization of the Thesis 

 This thesis is organized into five chapters: 

Chapter One introduces the background, statement of the problem, objectives, and significance 

of the study.  

Chapter Two presents a detailed review of theoretical, empirical, and methodological literature, 

identifying gaps and outlining the conceptual framework.  

Chapter Three explains the research design, study area, sampling techniques, data collection 

tools, and analytical methods used. 

Chapter Four discusses the results, including quantitative and qualitative analyses, and 

correlates them with design implications and policy recommendations.  

Chapter Five concludes the study with key findings, practical recommendations, and 

suggestions for future research. 

1.7. Operational Definitions 

1. Thermal Comfort: A state of mind expressing satisfaction with the thermal environment, 

determined by factors such as air temperature, humidity, air velocity, and clothing insulation. 

Quantified using indices like Predicted Mean Vote (PMV) and Predicted Percentage of 

Dissatisfied (PPD). 

2. Floor Height: The vertical distance between the finished floor and the ceiling in a residential 

building. In this study, floor heights below 2.5m are classified as low, and heights above 2.65m 

are considered optimal for thermal comfort.  

3. Indoor Thermal Comfort: The quality of the indoor environment ensuring that occupants feel 

neither too warm nor too cold, measured using air temperature, humidity, and air velocity data 

collected through thermal comfort devices and simulations.  

4. Temperature Humidity Index (THI): An index combining air temperature and relative 

humidity to assess human discomfort. For this study: 

21 ≤ THI ≤ 24: Comfortable 

24 < THI ≤ 26: Moderately uncomfortable 

THI > 26: Uncomfortable 

5. Design Builder Software: A simulation tool used to model the thermal performance of 
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residential buildings, providing insights into comfort indices like PMV and PPD.  

6. Low-Floor-Height Residences: Government-constructed residential buildings in Hawassa 

City with floor heights less than 2.5m. These are studied for their thermal comfort implications.  

7. Predicted Mean Vote (PMV): A numerical scale predicting the average thermal sensation of 

occupants on a scale from -3 (cold) to +3 (hot), based on environmental and behavioral 

parameters. 

8. Predicted Percentage of Dissatisfied (PPD): An index predicting the percentage of people 

dissatisfied with the thermal environment. It complements PMV to evaluate thermal comfort 

comprehensively. 

9. Hidden Camera: 

A tool used in this study to observe behavioral patterns and occupant adaptation in low-floor-

height residences, ensuring ethical considerations.  

10. Low-cost housing: 

Low-cost housing refers to government- or privately funded residential units designed for low-

income households, typically characterized by simplified construction, minimal design features, 

and affordability-driven spatial constraints. In the Ethiopian context, these units generally have 

floor heights below 2.5 meters, affecting indoor thermal comfort (Mengistu & Tadesse, 2021).  
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CHAPTER TWO 

2. LITERATURE REVIEW 

2.1. Theoretical reviews 

2.1.1. Building Challenges in Hot Climates 

―The primary purpose of a building is to shelter the occupants from unfavorable outdoor 

conditions such as heat, cold, wind and rain. Thus, the building should be designed to provide a 

desirable indoor climate.‖ By worldwide concern on sources of energy and environmental 

issues, many factors should be considered altered at the design stage of buildings. Through 

those issues to be considered at is the suitability of the building design and materials in terms of 

climate properties. According to a large number of research works in order to indicate the 

climatic suitability of the building design and building materials, designers and/or architects 

have to be aware of the climatic characteristics of their working environment. Moreover, based 

on the related climatic elements, they will be able to categorize the building problems and apply 

or suggest their solutions to avoid them. This progress is defined as climatic design, having 

taken into consideration the climatic parameters of the area. In order to have successful climatic 

design in hot climates, which is the main focus in this study, first of all, the resources of the 

building problems have to be known in advance. Five factors have been commonly referenced 

in many studies  

These resources include: 

• High temperature, 

• High solar radiation or high UV level,  

• Moisture or high RH level,  

• Excessive heat gain in summer 

• Heat loss during winter 

(Divsalar, 2010) 

In regions with prolonged warm seasons, buildings with low ceiling heights are more likely to 

experience thermal discomfort due to inadequate airflow. Studies by Holopainen et al. (2018) 

emphasize that increasing ceiling height by even 0.3 meters can reduce indoor temperature by 

1-2°C under natural ventilation conditions (Holopainen, 2018).  
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2.1.2. Thermal Comfort Issues in Hot Climates 

Climate change adaptation in cities is now an important challenge for European cities, and is 

becoming part of urban policies. The urban heat island (UHI) is a phenomenon that further 

amplifies the negative effects of climate change. Densely built-up areas of development absorb 

and then radiate heat from the sun’s rays, which, with the additional heat gained from 

anthropogenic activities, causes a local increase in temperature relative to neighboring 

undeveloped areas. This problem is being researched in many areas, and ways of mitigating this 

phenomenon are currently the most important challenge. Designing public spaces for the 

comfort of older people should combine spatial temporal distribution with functional needs. In 

the analyzed public space, the new compensatory plantings will have little impact on the 

advancement of thermal comfort due to inadequate, random species selection (small ornamental 

trees) and location, as confirmed in the article, ―Effects of tree seasonal characteristics on 

thermal-visual perception and thermal comfort‖ (Przesmycka et al., 2022). 

2.1.3. Fundamentals of Comfort 

Latin defined comfort as assistance or a boost in power. In the last 200 years, the meaning of 

the word in English has evolved to mean "ease; freedom from pain or trouble; that which inserts 

to content." Comfort, as a notion pertaining to inhabited spaces, is an affective state, subjective 

and unique like hunger or fatigue (Mafarlane, 1958). The subject weighs a variety of factors to 

determine their level of comfort, and each person is their own expert (Gubbels, n.d.). 

The standard air temperature-centric design strategy that has been employed in buildings for 

decades is unproductive, inefficient, and expensive, despite the fact that comfort is extremely 

essential to building occupants.  

By concentrating on six factors that influence a person's comfort, a design plan can be made 

more focused and direct, shifting from a one-size-fits-all approach to specifically matching the 

demands of each particular passenger. Because it was a key component of a whole-systems, 

passive design that allowed us to cost-effectively achieve our lofty net-zero energy targets for 

the Innovation Center, RMI chose to adopt this novel approach to thermal comfort (Rawal et 

al., 2019). 
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2.1.4. Concept of Thermal Comfort 

According to ANSI/ASHRAE Standard 55(Schiavon et al., 2014), thermal comfort is a mental 

state that indicates contentment with the thermal environment and is evaluated subjectively 

(Mofrad, n.d.) and (Ferrari & Zanotto, 2016). The heat engine in the human body is powered by 

food. The human body will release additional heat into the environment in order to continue 

functioning. Heat transport is directly impacted by temperature differences. While the body 

loses more heat to the environment in cold environments than it does in hot ones, the body does 

not release enough heat in hot conditions. Both the hot and cold conditions are uncomfortable. 

To keep people at this level of thermal comfort inside of buildings or other enclosures is one of 

the main goals of HVAC (heating, ventilation, and air conditioning) design engineers 

(Sansaniwal et al., 2022). 

According to Hensen, "a state in which there are no driving impulses to correct the environment 

by the behavior" is what thermal comfort is. It is described as "the condition of the mind in 

which satisfaction is expressed with the thermal environment" by the American Society of 

Heating, Refrigerating, and Air-Conditioning Engineers (ASHRAE). As a result, it will be 

impacted by individual, organizational, and social factors such as cultural differences, mood, 

and personality. According to the aforementioned definitions, comfort is a mental state rather 

than a physical one. Though it correctly emphasizes that the assessment of comfort is a 

cognitive process involving many inputs influenced by physical, physiologica l, psychological, 

and other factors, the definition of thermal comfort leaves unclear what is meant by "condition 

of mind" or "satisfaction" and other factors (Sansaniwal et al., 2022). 

According to conventional wisdom, thermal sensation is an objective sensation, whereas 

thermal discomfort is treated as a subjective condition. Satisfaction with the thermal 

environment is a complicated subjective reaction to many interdependent and intangible factors. 

To put it another way, there really isn't an absolute standard for thermal comfort. In general, 

comfort occurs when skin moisture is low, body temperatures are maintained within specific 

ranges, and the physiological effort required to maintain those conditions is reduced. Comfort 

also depends on behavioral choices like changing one's behavior, posture, or location, adjusting 

the thermostat, opening a window, complaining, or vacating a space (Sansaniwal et al., 2022). 

The psychological state of thermal comfort denotes satisfaction with the Because it can be fatal 

for people if their core body temperatures increase to those of hyperthermia (above 37.5-38.3 
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°C; 99.5-100.9 °F) or hypothermia (below 35.0 °C; 95.0 °F), respectively, it is important that 

the thermal environment be comfortable. Buildings alter the surrounding environment and 

reduce the amount of energy the body must expend to maintain a normal body temperature, 

which is necessary for the smooth operation of all physiological processes in humans. Vario us 

countries have developed standards of practice for the thermal behavior of buildings based on 

these principles, allowing for the reduction of ceiling heights while influencing the temperature 

of the interior air and reducing the thermal inertia of the interior environment. For hot weather 

areas, like those in tropical countries, a reduction in ceiling height causes a slight increase in 

indoor temperature for the majority of the year. The temperature difference between the top and 

bottom layers of an interior environment can be as much as 4 °C, according to laboratory and 

mathematical model research. Another thing to keep in mind is the necessity of ventilation 

apertures in enclosed spaces because they serve as a mechanism for controlling air temperature 

and how hot it feels to people. 

2.1.4.1. Key Variables Influencing Thermal Comfort 

Extensive research by the American Society of Heating, Refrigeration and Air-Conditioning 

Engineers (ASHRAE) and University of California Berkeley Center for the Built Enviro nment 

(CBE) has found six variables that predict a person’s thermal comfort.  

 

Figure 1: Six Variables in Thermal Comfort (Rawal et al., 2019). 
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2.1.4.2. Indoor vs. Outdoor Thermal Comfort 

Stable state models may be effective for thermal comfort assessments inside, where people 

spend the majority of their time, however those models tend to overstate discomfort for the 

comparatively brief periods spent outside (often less than 1 hour). This difference is more 

pronounced in cool outdoor situations compared to warm ones. For instance, a person entering 

frigid winter outside conditions (Ta=Tmrt=0 °C, VP=5 hPa, v=1 m/s) while in thermal comfort 

(Tsk=33.5 °C, Tcore=37 °C) will take many hours to reach steady state, whereas a person 

entering hot conditions (Ta=30 °C, Tmrt=60 °C, VP=15 hPa, v Therefore, non-steady state 

models should be used, particularly for outdoor thermal comfort assessments in cold 

temperatures. A working group of the International Society of Biometeorology is now 

developing a new, globally standardized Universal Thermal Climate Index (UTCI), which will 

take into account this and other novel elements. Along with such physical/physiological 

measures, psychological aspects such different thermal expectations indoors and outdoors must 

also be taken into account. As a result, various methods are required to evaluate thermal 

comfort indoors versus outside (PeterHöppe (2002), n.d.). 

2.1.4.3. Approaches to Indoor Thermal comfort 

Both subjective and objective methods can be used to measure the indoor thermal comfort. The 

ASHRAE seven-point thermal sensational scale, thermal preference, standardized questioners, 

and interviews are examples of subjective approaches used to gauge inhabitants' emotions. This 

approach will be affected by how effectively the inhabitants adapt and by how they feel. The 

objective measurement approach is centered on measuring the indoor thermal comfort 

parameters of the indoor environment, such as air temperature, relative humidity, air velocity, 

and mean radiant temperature, and comparing these results to norms like the ASHRAE 55 and 

others. Both techniques were used in this study to assess the indoor thermal comfort of 

traditional homes and condominium homes (Hailu et al., 2021). 

The rational or heat-balance approach and the adaptive approach are the two current approaches 

for defining thermal comfort, each with their own potentials and limitations. The works of 

Fanger are the best representations of the rational approach, which uses data from climate 

chamber studies to support its theory, while the adaptive approach uses data from field studies 

of people in building (Sansaniwal et al., 2022). 
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2.1.4.4. Heat-Balance Approach to Thermal Comfort 

Warmth discomfort is strongly correlated with skin wittedness brought on by sweat secretion, 

while cold discomfort is strongly correlated with the mean skin temperature. Unwanted heating 

or cooling of a specific body part can also leave one unsatisfied if the body as a whole is too 

warm or cold (local discomfort) (Sansaniwal et al., 2022). 

In order to expand the equation, 1296 participants' data were used. The equation that resulted 

defined thermal comfort as the discrepancy between the body's actual heat output in a particular 

thermal environment and the heat output necessary for optimal (i.e., neutral) comfort during a 

particular activity. The seven-point ASHRAE was related to thermal conditions using this 

expanded equation. (Ferrari & Zanotto, 2016), The "Predicted Mean Vote" (PMV) index was 

created using the thermal sensation scale. The "Predicted Percentage of Dissatisfied" (PPD) 

index was created after the PMV was taken into consideration. The evaluation of indoor thermal 

environments in buildings and the theory of thermal comfort have both benefited greatly from 

Fanger's PMV-PPD model on thermal comfort. It is widely used and accepted for designing and 

evaluating thermal comfort in the field (Sansaniwal et al., 2022). 

 

Figure 2 PMV, its input parameters, its relation to PPD, and its expression on the ASHRAE 7-

point scale of thermal sensation(Basis, 2005). 

2.1.4.5. Physiological Responses to Heat and Cold 

In a thermal context, comfort is typically attained with the least amount of physiological 

adjustment to control heat flow, and discomfort is felt when the equilibrium between heat gain 
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and loss is upset. Therefore, discomfort is linked to the sweating, shivering, a nd vasomotor 

adjustments made to offset thermal imbalance. Heat exchange occurs at the surface, and 

insulation, in the form of clothing, is used to change the heat exchange (Mafarlane, 1958). 

2.1.4.6. Thermal Control Mechanisms 

The brain stem, specifically the medulla and hypothalamus, is where human functions are 

organized to adjust to temperatures that are higher or lower than the comfort range. Finer than 

most nerve fibers, less than 6 microns in diameter, carry heat balance information from the skin 

to the hypothalamus. Heat-sensitive and cold-sensitive nerves have both been discovered. 

Human judgments of hot and cold exist. Since heat and cold are components of an energy 

continuum in physics, different parts of the temperature scale affect receptor responses, and 

those that are affected by low temperatures transmit signals that are perceived as cold, whereas 

those that are affected by temperatures above 70°F are perceived as warm. The heat sensitive 

nerves react to a rise in temperature over a broad temperature range, from approximately 60" to 

100°F. Similar to this, the cold-sensitive nerves react to a drop in temperature, and each nerve 

has a response threshold. Some people respond to cooling from 100° to 90°, while others do so 

from 40° to 30° (Mafarlane, 1958). 

2.1.4.7. Adaptive Thermal Comfort Model 

The adaptive approach was developed from field studies with the aim of analyzing the actual 

acceptability of the thermal environment, which is highly dependent on the environment, 

occupant behavior, and expectations. Three categories—behavioral adaptation, physiological 

adaptation, and psychological adaptation—have been used to summarize the changes. Several 

authors have advocated field studies in place of laboratory experiments in recent years in order 

to obtain more accurate data regarding the actual workplace comfort and the pertinent 

(interacting) parameters (Makvandi et al., 2021).  

As the subjects respond in their natural environments, dressed as they normally would, and 

acting naturally, field studies also enable the analysis of factors that cannot be replicated in 

chambers. The adaptive approach to thermal comfort studies' theoretical foundation is based on 

the subjectivity of thermal experience and the interpretations that result from a very complex 

interaction between the occupants and their environment. The literature contains a number of 

adaptive studies, including those on: I thermal comfort models and techniques; (ii) comparisons 
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of traditional and modern living spaces; (iii) building performance assessment techniques; (iv) 

low energy consumption systems; (v) comparative studies of sex; and (vi) effects of indoor 

climates on thermal perceptions, (vii) thermal comfort in classrooms, (viii) adaptive algorithms, 

(ix) patients’ thermal comfort in hospitals, and (x) thermal comfort in outdoor enviro nments 

(Djongyang et al., 2010). 

2.2. Empirical Studies 

2.2.1. Impact of Floor Height on Thermal Comfort 

2.2.1.1. Perceptions of Floor Height in Architecture 

2.2.1.1.1. Architectural design behavior 

People in materially developed cultures spend over 90% of their lives in buildings every day, 

the architecture we inhabit envelopes our mind and body and influences how we feel and 

behave. The design of our built environment can modulate how comfortable, or focused, we 

feel in a given moment and can influence hormonal patterns, speed of recovery from surgery, 

and long-term cardiac health (Coburn, Vartanian, Kenett, Nadal, Hayn-leichsenring, et al., 

2020) Today’s architectural design approaches do not adequately address the relationship 

between users’ spatial, environmental and psychological experiences. Domestic environmental 

experience generally indicates users’ cognitive perceptions and physical responses within 

dwelling spaces. Therefore, without a clear perception of occupants’ experie nces, it is difficult 

to identify proper architectural solutions for a domestic environment. To understand notions of 

these domestic experiences, the current study explores the theoretical relationship between 

spatial and environmental design factors within domestic settings which led to the concept of 

―Environmental Experience Design (EXD)‖.  

2.2.1.1.2. Behavior of building occupants 

The behavior of building occupants can have large effects on building energy use, and it results 

in huge gaps between real and predicted energy performance of buildings. The differences 

between real and predicted energy use depends on differences between the predicted and actual 

final realization of the construction, technical installations, and the real use of the built systems  

operated by occupants. Recently, it has been shown that occupant behavior plays a fundamental 

role on the amount of energy used in buildings, e.g., by the time and type of window opening, 
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the use of air-conditioning (AC) units or the choice of indoor temperature set point So in the 

challenge of reducing the environmental impact, it is important to understand the occupant 

interactions with the indoor environment in order to provide comfortable conditions in the most 

efficient ways (Fabi et al., 2012). 

The drivers influencing occupant behavior have been divided into five groups: 

 - Physical environmental: Examples of physical environment aspects that drive occupant 

behavior with an effect on energy consumption are temperature, humidity, air velocity, noise, 

illumination, and odour. 

- Contextual: Contextual drivers are factors that have an indirect influence on the human being. 

They are determined by the context. The insulation of buildings, orientation of façades, heating 

system type, thermostat typ e (e.g., manual or programmable), etc. are examples of contextual 

drivers. 

- Psychological: Occupants tend to satisfy their needs concerning thermal comfort, visual 

comfort, acoustical comfort, health, safety, etc.  

Furthermore, occupants have certain expectations of e.g., the indoor environmental quality 

(temperature, etc.). Other examples of psychological driving forces are awareness (e.g., 

financial concern, environmental concern), cognitive resources (e.g., knowledge), habit, 

lifestyle and perception. 

- Physiological: Examples of physiological driving forces are age, gender, health situation, 

clothing, activity level, and intake of food and beverages.  

These factors together determine the physiological condition of the occupant. 

- Social: Social driving forces refer to the interaction between occupants. For residential 

buildings this depends of the household composition (e.g., which household member 

determines the thermostat set point or the opening/closing of windows). 

 

 

 
 

 
 
 

 
 

 
Figure 3 Flux diagram: from drivers to energy consumption and indoor environment 
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2.2.1.1.3. Cognitive judgments of Interior architecture 

When people enter buildings, they often make cognitive judgments about the spaces around 

them. We define cognitive judgments as informed by top-down knowledge people bring to 

evaluations made about external qualities of their surroundings, rather than self-reflective 

evaluations of their own inner states of being. This distinction is based on past research 

suggesting that extrospective and introspective evaluations likely involve dissociable neural 

circuitry Here, we discuss five key measures of cognitive judgment in the built environment: 

complexity, organization, modernity, naturalness, and beauty (Coburn, Vartanian, Kenett, 

Nadal, Hayn- leichsenring, et al., 2020). 

When judging interior space or roominess, a dark ceiling is judged to be lower than a light 

ceiling. The method of metric judgments (e.g., on a centimeter scale) that has typically been 

used in such tasks may reflect a genuine perceptual effect or it may reflect a cognitively 

mediated impression. We employed a height-matching method in which perceived ceiling 

height had to be matched with an adjustable pillar, thus obtaining psychometric functions that 

allowed for an estimation of the point of subjective equality (PSE) and the difference limen 

(DL) (Castell et al., 2016) 

2.2.1.1.4. Emotional responses to architecture 

In addition to eliciting external judgments, architectural spaces modulate affect, emotions, and 

other inner states of being. The importance of judging a building not only via detached 

observation of its appearance, but also by examining the degree to which it ―touches us in our 

humanity‖ and ―stirs our feelings, our passion‖. Several other writers have also highlighted the 

introspective dimension of architectural experience. Eight measures of emotional experience in 

the built environment are outlined below: personalness, hominess, relaxation, comfort, 

stimulation, uplift, vitality, and valence. The degree of personal feeling that a building generates 

is an important consideration in architectural design (Coburn, Vartanian, Kenett, Nadal, Hayn-

leichsenring, et al., 2020). 

2.2.1.1.5. Behavioral-motivational responses to architecture 

The final class of aesthetic response scales encompasses the psychological measures of 

behavior, movement, and motivation, which may be to a first approximation linked to 

sensorimotor processing in the brain. Here, we focus on three behavioral measures: interest, 
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approachability, and explorability. Interest, an important response measure in empirical 

aesthetics and environmental psychology is closely linked to sensory perception and 

motivation. 

2.2.1.1.6. Architectural Variable; Floor Heights 

There appears to be widespread belief that Floor height can affect the quality of indoor 

consumption experiences. Floor height ranked among the top three architectural details that 

influenced consumers’ psychological well-being. A home development company that uses 

design ideas inspired by the guru of transcendental meditation maintains that homes with higher 

rooms induce clearer and improved thinking, more energy, and better health among residents. 

Airplane manufacturers seem to concur those higher ceilings can enhance consumers’ 

consumption experience, even if the increased height is only illusory (Meyers- levy & Zhu, 

2012). According to Psychology Today, a study from the University of Minnesota reported that 

people in 8-foot-high rooms feel confined, while those in 10-foot rooms feel freer, even if they 

didn’t actually use the vertical height. While there are no official Ethiopian building regulations 

that mandate minimum floor heights for residential buildings, neighboring countries such as 

Kenya and Tanzania have established guidelines recommending a minimum of 2.7 meters for 

low-income housing (Kamau & Otieno, 2020). These standards aim to improve indoor air 

circulation and reduce reliance on mechanical cooling. The lower the floor height, the more 

personal space we need from others. Higher ceilings also evoke formality, whereas lower 

ceilings create more intimate spaces. Oddly enough, lofts are historically thought of as spaces 

for artist-types. Another consideration is that ceiling heights affect our thought processes. Those 

in rooms with lower ceilings tend to become more detail-oriented, compared to their 

counterparts in larger rooms, who tended to overlook details. A variety of ceiling heights within 

a home is ideal, but a hot fix is changing the color. Studies show that we perceive light-colored 

ceilings as higher (Environmental Psychology, n.d.). 

https://www.psychologytoday.com/articles/201103/outside-in-things-are-looking
http://www.elegran.com/blog/2011/8/manhattan-lofts
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Figure 4: psychological responses to architectural interiors 

Research suggests that ceiling height can affect psychological responses to architectural 

interiors. On average, preferences for ceiling height peak around 10 feet across a range of 

spatial functions. In a recent study investigating the effect of Floor height on aesthetic 

perceptions and neural activity, spaces with high ceilings received higher beauty ratings than 

those with low spaces. Functional magnetic resonance imaging (FMRI) results showed that 

rooms with high ceilings differentially activated neural structures involved in visual spatial 

attention and exploration, such as the left middle frontal gyrus and left precuneus. These 

findings were consistent with previous research indicating that high ceilings increase 

perceptions of spaciousness and prime thoughts of freedom, whereas low ceilings are more 

likely to prime thoughts of confinement (Coburn, Vartanian, Kenett, Nadal, Hayn- leichsenring, 

et al., 2020). According to (Meyers- levy & Zhu, 2012) relatively high floor heights may prime 

thoughts related to freedom, whereas lower floor height may prompt those that pertain to 

confinement. We suggest that, in turn, these alternative concepts may affect the particular 

manner in which consumer’s process information, namely, whether they rely on relational or 

item-specific processing. Finally, the type of processing that is used could alter how consumers 

elaborate and ultimately evaluate the table’s features. The preceding notion that floor height 

might prime certain concepts or networks of associations that then affect how people process 

product information is quite novel (Meyers- levy & Zhu, 2012). Clearly, it is well established 

that exposure to particular objects can prime concepts that are related to them and that the 

heightened accessibility of such primed concepts can spill over and affect people’s perceptions 

or even their overt behaviors. However, it is typically assumed that such effects occur because 

of associations to the primed concept spill over and affect perceptions or behavioral 
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representations. In contrast, the paper proposes that, in certain instances, effects on perceptions 

or behavior may occur because the primed concepts actually affect the very type of processing 

that people use. That this possibility is novel is suggested by the fact that we could identify only 

one developed body of research, which posits that this alternative mechanism can occur. 

Moreover, even in that case, both the semantic content of the primed concepts and the types of 

processing that are claimed to be stimulated differ from the ones that we propose are activated 

by a high versus low ceiling (Coburn, Vartanian, Kenett, Nadal, Hayn- leichsenring, et al., 

2020). 

2.2.1.2. H/W (Height-to-Width) Ratio and Thermal Dynamics 

The H/W ratio is calculated as the ratio of a building height to the width of the street abutting 

the building. The problem is to identify streets between buildings, which is not easy because of 

lack of street information and irregular street patterns (Chun & Guldmann, 2012). 

 

Figure 5: H/W (height-to-width) ratio and Residential Floor to Floor height(Chun & Guldmann, 

2012). 

Floor height's impact on vertical temperature profiles In accordance with the CFD findings, the 

vertical temperature profiles at the horizontal point of d for cases with CH=2.5, 3.0, and 3.5m in 

the case of 1.25kW and 2.5kW heater load with a variety of supply air velocity. A greater 

supply air velocity is required to achieve lower vertical temperature variations. This trend is 

more pronounced for internal loads of 2.5kW. If the overall tendency is roughly estimated, 

vertical temperature differences in the occupied zone decrease as supply air velocity increases. 

When the supply of air velocity changes, vertical temperature profiles are more different when a 

heat source has a larger capacity. Vertical temperature differences for similar heat source 

capacity and equal supply air velocity diminish as the room's ceiling height increases. This 
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indicates that displacement ventilation is better suited to a room with a higher ceiling height. 

Any other horizontal locations have a similar trend. As previously stated, if a VAV system is 

used and in response by a measured temperature in an occupied zone, vertical temperature 

profiles will be controlled. The vertical temperature profile is improved and the measured 

temperature in the occupied area feeds back to supply air volume (Hashimoto & Yoneda, 2009). 

2.2.1.3. Floor Height and Thermal Comfort Systems 

There is a lab at Tianjin University where the available space, including the floor size and 

height, can be altered via an automatic control system, as seen in and as shown in and, the 

laboratory has two sets of air conditioning systems: a fan coil system and a radiant floor system. 

In August and September 2017, experiments on thermal comfort conditions with these two 

systems under cooling conditions in a space with varying heights were carried out. Space's 

effects were the main subject of this study. The floor area was fixed at 99 meters, and the space 

heights were 3, 5, 7, and 9 meters for two different types of systems. Because Franklin County 

does not publicly disclose the total floor space and the number of stories for buildings, it is 

challenging to determine the actual floor space of structures. Therefore, in order to estimate 

energy consumption, the total building floor space must be estimated (Cen et al., 2018). The use 

of radiant heating systems for indoor heating is not new. In a laboratory measuring 17 x 24 x 14 

ft (5.18 x 7.32 x 4.27 m), F.A. Chrenko conducted experimental studies on thermal comfort 

using a radiant floor system in 1957. He found that the radiant floor system had the significant 

advantage of creating a lot of space in the room and having an invisible heating system. Radiant 

floor systems, however, have the potential to cause local discomfort, according to tests on the 

temperature of subject feet. Research conducted later on radiant systems suggested that they had 

many advantages over convective systems in terms of thermal comfort (Cen et al., 2018). 

2.2.1.4. Assessment Techniques for Thermal comfort  

2.2.1.4.1. Early Investigations 

According to ―The Effect of Ceiling Height on Thermal Comfort‖ study  (AlOtaibi, 2018), 

these factors lead to decreased energy use by mechanical heating and cooling systems, 

improved indoor air quality and ventilation efficiency, decreased building costs over the course 

of their entire lives, decreased floor-to-floor height of new buildings, improved thermal comfort 

for occupants of the building, and increased productivity and occupant satisfaction. CBAD and 
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UFAD systems are therefore anticipated to enhance thermal comfort in buildings (Alotaibi, 

2018).  

According to ―Impact of Floor-to-Ceiling Height on Human Comfort‖ study (Nikravan Mofrad, 

2014), human comfort is typically studied by taking into account environmental factors and 

how they affect people's thermal comfort, as well as by adjusting the variables in thermal 

comfort equations and computing interactive relations.  As a result, changes in height have 

influenced people's responses if comfort levels remain within a predetermined range but people 

still express satisfaction or dissatisfaction in their responses. The impact of a residential unit's 

floor to ceiling height on people's comfort levels is examined in this study. 39 people's levels of 

satisfaction with the tests, which were carried out in a lab with an adjustable roof height, were  

tallied. For the test, four roof heights between 2100mm and 4000mm are taken into 

consideration. The best floor-to-ceiling height for typical residential urban units, according to 

the findings, is between 2700mm and 2800mm. The arguments made in this pape r are the 

outcomes of studies and tests conducted at BHRC (Nikravan Mofrad, 2014). 

 

Figure 6: Virtual model of the interior space of an office (Alotaibi, 2018). 
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2.2.1.4.2. Temperature Humidity Index (THI) or Discomfort index (DI) 

According to (Mishima et al., 2010),  A field survey and measurement report titled "Field 

survey and measurement: In April 2009, a thorough field survey of the research region was 

carried out to look at certain building data, such as layout, height, and material. Thermo 

Recorder TR-72U was once more used to measure the air temperature Ta and relative humidity 

RH in the research region from April 10–20. Data was gathered between 7:30 am and 18:30 

pm. There have been several attempts to create an index that would combine all of the variables 

that define the limits of thermal comfort. More than 60 years ago, efforts to measure thermal 

comfort in the tropics were made. Ellis, who measured "comfort" (o r neutral) temperature as 

26.1-26.7°C in Singapore (Kakon et al., 2010), Webb, who measured 27.2°C in Singapore 

(Wong & Khoo, 2003), Rao, who measured 26.0°C in Calcutta (Ratnam et al., 2013), and 

Nicol, who measured 31.1°C in Roorkee (Emmanuel, 2005), India, are some of these. In fact, 

rather than using a single value, the outdoor thermal comfort condition should be defined in 

terms of a combination of the following variables: air temperature, relative humidity, air 

velocity, and radiation. Temperature Humidity Index has been chosen as the indicator for this 

study's thermal comfort evaluation (THI) (McGregor & Nieuwolt, 1998). 

Table 1 THI Indicator of thermal comfort Evaluation 

Location Dhaka, Bangladesh, 23.24°N, 

 90.23°E, 8.8 m a.s.l. 

Simulation day Typical summer day, 13th April 

Simulation duration From 7:30-18:30 (11 h) 

Spatial resolution 110x80x25 grids, grid size: 2x2x3 m 

Wind speed and direction 2 m sec-1 a.g.l. from 180° (south) 

Initial temperature 293 K 

Relative humidity 40% 

Heat transmission 

 

Walls: 1.7 W m-2 K 

Roofs: 2.2 W m-2 K 

Albedo 

 

Walls: 0.3 

Roofs:  0.15 
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THI is one of the variants of Effective Temperature (ET), developed by Thom (1959). It 

combines the wet and dry bulb temperatures into a scale that imitates the thermal sensation of a 

human being (Thom, 1959). Later Nieuwolt (1998) modified the index using air temperature 

and relative humidity. Especially in a case where relative humidity data is more frequently 

available than the wet bulb temperature, then the following equation can be used (McGregor & 

Nieuwolt, 1998): 

 

Where: 

Ta = the air temperature (°C) 

RH = the relative humidity (%) 

By empirically testing the THI values on human objects, the comfort limits are defined as: 

21≤THI≤24 = 100% of the subjects felt comfortable 

24<THI≤26 = 50% of the subjects felt comfortable 

THI>26 = 100% of the subjects felt uncomfortably hot 

However, it must be mentioned that the above ranges were developed in the mid- latitudes 

Tropical residents are likely to tolerate higher levels of THI due to acclimatization as well as 

variations in food habitats and clothing  (Mishima et al., 2010). 

           2.3.  Methodological Approaches in Thermal Comfort Research 

2.3.1. Simulation Tools 

Previous studies used various methods to investigate thermal comfort, including: Simulation 

Tools: Software like FloVent and Design Builder has been used to model airflow, temperature 

variations, and comfort indices like PMV (Predicted Mean Vote) and PPD (Predicted 

Percentage of Dissatisfied). These tools offer insights into the effects of floor height but often 

lack integration with real-world observations.  

The thermal comfort ratings of the rooms used in this study entitled ―The Effect of Ceiling 

Height on Thermal Comfort‖ serve as the primary source of information. The air temperature, 

surface temperature, air velocity, relative humidity, clothing thermal insulation, and metabolic 

rates of the occupants are measured in order to determine the room's overa ll thermal comfort 



 

28 | P a g e  
 

values (Alotaibi, 2018).This will be achieved by analyzing the CBAD and UFAD systems that 

are used to cool the rooms, as well as the movement of air and heat in the rooms, using the 

FloVent simulation program. FloVent is primarily used to investigate how conditioned air 

enters, circulates through, and exits a room. Two specific tools, predicted-mean-vote (PMV) 

and predicted percentage of dissatisfaction (PPD), will be used from this analysis to assess the 

room's thermal comfort. The number of passengers who are at ease in a specific thermal 

comfort condition will be determined using PMV, while the number of passengers who are 

dissatisfied with a specific level of comfort will be determined using PPD. It will be possible to 

establish these values and the impact that CBAD and UFAD have on thermal comfort in a 

building or room. As previously mentioned, this study will be carried out by gathering data 

using the FloVENT program, PMV, and PPD techniques. Here are some specifics about these 

techniques: Predicted Mean Vote (PMV) is a variable obtained using the ASHRAE 55 thermal 

tool, developed by the American Society of Heating, Refrigeration, and Air Conditioning 

Engineers. Using this method, it will be possible to identify the six variables that affect 

occupants' thermal comfort and result in the variable known as PMV: ambient air temperature, 

mean radiant or surface temperature, air velocity, relative humidity (RH), activity level or 

metabolic rate (M), and clothing level or thermal insulation (Alotaibi, 2018). 

Based on the design methods of the research entitled ―Impact of Floor-to-Ceiling Height on 

Human Comfort‖  in the consistent climatic conditions of the laboratory environment, feedback 

from participants regarding changes in floor-to-ceiling height is gathered (Nikravan Mofrad, 

2014). It is important to note that the data logger-thermal comfort unit measures the comfort 

level and thermal conditions of the lab room. Through the calculation of (PMV-PPD), using the 

international standards specified for thermal comfort and taking into account the level of 

physical activity and clothing considered for the device, the device is equipped with sensors that 

receive the climatic conditions of the laboratory environment and it measures the rate of 

satisfaction and dissatisfaction of the people in the room in which they are located (Nikravan 

Mofrad, 2014). 

2.3.2.  Experimental Setups 

Adjustable-height rooms in laboratory settings have been used to assess how floor height 

impacts comfort. While controlled, these studies lack generalizability to real-world housing 

conditions. 
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Based on the design methods of the research entitled ―Impact of Floor-to-Ceiling Height on 

Human Comfort‖ To assess people's perceptions of an appropriate floor-to-ceiling height in the 

current study, a novel, and innovative methodology was used (Nikravan Mofrad, 2014). The 

research was carried out in a laboratory with an adjustable roof height, where constant climatic 

conditions were provided solely on the basis of test requirements. The test laboratory's desired 

thermal comfort condition is then taken into consideration. The study's failure to use simulation 

software as a method of measuring the thermal comfort parameters and its failure to contribute 

to the development of new energy-efficient technologies are both drawbacks (Nikravan Mofrad, 

2014). 

2.3.3. Field Measurements and Surveys 

The integration of portable thermal comfort measurement devices and occupant surveys 

provides a holistic understanding of thermal comfort. Combining quantitative data with 

qualitative insights addresses gaps in existing methodologies (Nikravan Mofrad, 2014). 

2.4. Identified Research Gaps 

Despite extensive research conducted globally on thermal comfort, significant gaps remain, 

particularly concerning the role of floor height in residential buildings. Most thermal comfort 

studies have been conducted in developed countries, with limited focus on developing nations 

like Ethiopia. This creates a critical knowledge gap in understanding the unique challenges 

faced in low-cost housing in tropical climates.  

In Ethiopia, there is a notable absence of research addressing the direct impact of floor height 

on indoor thermal comfort in residential settings. Previous studies, such as those by Meshal 

AlOtaibi and Nikravan Mofrad Mojgan, have explored thermal comfort under specific 

conditions, such as ceiling-based air distribution (CBAD) systems or laboratory settings with 

adjustable floor heights. However, these studies relied heavily on either simulation tools or 

experimental setups, neglecting the integration of multiple data collection methods and real-

world applications. 

Furthermore, existing research has not sufficiently combined field measurements, simulation 

software, and surveys to comprehensively analyze thermal comfort. Most studies have 

overlooked the contribution of outdoor temperature and its interaction with floor height on 
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indoor environments. For example, portable thermal comfort measurement devices and people’s 

lived experiences, critical in understanding context-specific issues, are rarely employed in 

tandem. This research addresses these gaps by integrating advanced simulation tools, portable 

measurement devices, and qualitative surveys to evaluate the effect of floor height on indoor 

thermal comfort and behavioral observations captured through hidden cameras to provide a 

deeper understanding of how residents adapt to low-floor-height homes in Hawassa, Ethiopia. It 

uniquely incorporates outdoor temperature data to assess its influence on indoor thermal 

conditions, bridging the gap between theoretical models and real-world challenges. 

Additionally, this study explores government-constructed low-cost housing, where thermal 

discomfort is a persistent issue, providing practical insights for future architectural and policy 

interventions. 

2.5. Summary of Literature Review 

 Theoretical Review 

  Building Problems in Hot Climates: 

Buildings in hot climates face challenges like high temperatures, solar radiation, and inadequate 

ventilation. 

Effective architectural design, including materials and climatic suitability, is crucial to address 

these issues. 

Thermal Comfort: 

Defined as a state of mind expressing satisfaction with the thermal environment, influenced by 

physical, physiological, and psychological factors.  

Two main approaches: 

Heat-Balance Approach: Uses energy balance equations to predict thermal comfort.  

Adaptive Approach: Based on field studies, considers behavioral, physiological, and 

psychological adjustments of occupants.  

 Indoor and Outdoor Thermal Comfort: 

Indoor comfort is often evaluated using steady-state models like the PMV-PPD indices. 

Outdoor comfort requires dynamic models, considering variables such as air velocity and 
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radiant temperature. 

Six Variables Influencing Thermal Comfort: 

Air temperature, humidity, air velocity, mean radiant temperature, clothing insulation, and 

metabolic rate are key determinants of comfort.  

Floor Height and Thermal Comfort: 

Higher ceilings enhance ventilation, reduce heat accumulation, and evoke a sense of freedom.  

Lower ceilings lead to poor air circulation, increased heat retention, and feelings of 

confinement. 

 Empirical Review 

Floor Height's Impact: 

Empirical studies show that optimal floor-to-ceiling heights (2.7–2.8m) provide better thermal 

comfort. 

Higher ceilings improve airflow patterns and reduce vertical temperature gradients, especially 

in displacement ventilation systems. 

Behavioral and Psychological Responses: 

High ceilings promote abstract thinking, creativity, and a sense of spaciousness.  

Low ceilings are associated with detail-oriented thinking, confinement, and dissatisfaction.  

 Thermal Comfort Indices: 

PMV and PPD: Predict occupants' thermal sensations and dissatisfaction levels.  

Temperature-Humidity Index (THI): Quantifies thermal comfort using air temperature and 

relative humidity. 

 Research Gaps: 

Lack of studies focusing on floor height and thermal comfort in low-cost housing in developing 

countries like Ethiopia. 

Limited integration of field measurements, simulations, and qualitative surveys in previous 
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research. 

 Methodological Review 

Methods Used in Previous Studies: 

Field Measurements: Portable devices to assess indoor temperature, humidity, and airflow.  

Simulation Tools: Tools like Design Builder and FloVent simulate airflow and thermal 

performance. 

Laboratory Experiments: Adjustable ceiling-height laboratories for real-time thermal comfort 

testing. 

Behavioral Studies: Surveys and observations to assess occupants' perceptions and satisfaction.  

Integration of Methods: 

Advanced studies combined multiple approaches, such as field measurements, simulations, and 

behavioral data, for comprehensive analysis. 

Limitations in Prior Studies: 

Over-reliance on simulation tools or laboratory setups, lacking real-world applicability. 

Few studies addressed tropical climates or low-cost housing challenges. 

Limited use of outdoor temperature data and its interaction with indoor thermal comfort.  

The Literature review provides a detailed review of theoretical foundations, empirical findings, 

and methodologies related to thermal comfort and floor height. It highlights the importance of 

integrating multiple approaches to address research gaps, particularly in the context of 

developing countries and low-cost housing. This sets the foundation for the study to explore the 

role of floor height in improving indoor thermal comfort in Hawassa, Ethiopia.  

2.6. Conceptual Framework 

The conceptual framework of this study illustrates the relationships between the independent 

variables (e.g., floor height, air temperature, humidity) and the dependent variable (indoor 

thermal comfort). It integrates theoretical principles, empirical findings, and methodological 

approaches to address the research objectives.  



 

33 | P a g e  
 

       2.6.1. Independent Variables 

 

1. Floor Height: 

Defined as the vertical distance between the floor and ceiling, this architectural variable 

significantly influences airflow, heat retention, and occupants' psychological perceptions.  

Higher floor heights are associated with improved ventilation and reduced thermal discomfort, 

while lower floor heights often lead to confined and thermally uncomfortable environments.  

2. Environmental Factors: 

Temperature: Both indoor and outdoor temperatures affect heat transfer and occupant comfort.  

Humidity: Relative humidity amplifies the perception of heat, particularly in tropical climates 

like Hawassa. 

3. Behavioral Adaptations: 

Occupants' clothing, activities, and use of ventilation systems or fans affect their thermal 

comfort levels. 

        2.6.2. Dependent Variable 

Indoor Thermal Comfort 

Measured using indices such as Predicted Mean Vote (PMV), Predicted Percentage of 

Dissatisfied (PPD), and Temperature Humidity Index (THI).  

Combines physical conditions (e.g., temperature, humidity) and psychological satisfaction (e.g., 

perceived freedom or confinement due to floor height).  

Conceptual Flow: The framework draws from both theoretical and empirical literature to 

establish that: 

1. Floor height affects thermal conditions by altering airflow patterns, heat dissipation, and 

occupant behavior. 

2. Environmental factors, such as temperature and humidity, interact with architectural variables 

to influence comfort. 

3. Occupant perceptions mediate the relationship between physical conditions and satisfaction 

with the thermal environment.  

Visual Representation: 
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Referencing Figure 9 (page 43) in this thesis, the conceptual model visually connects these 

variables, illustrating how floor height impacts indoor thermal comfort directly and indirectly 

through environmental factors and behavioral adaptations. Here is also the visual representation 

of the conceptual framework. It illustrates the relationships between the Independent variables 

(Floor height, Environmental factors like Temperature and Humidity, and Behavioral 

adaptations) and the dependent variables (Indoor Thermal comfort) 

 

Figure 7: Visual representation of the Conceptual framework  
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 CHAPTER THREE 

3. METHODS AND MATERIAL 

This research followed clear and credible procedures to achieve its objectives. Some of the 

details of these methods are as follows: Description of the study area, Study design, Study 

approaches, Data Type and Sources, Study Population, Sample size, Sampling techniques, Data 

collection tools, Data analysis and interpretation and Ethical Consideration. 

3.1. Description of the study area 

Hawassa city is one of agglomerating urban centers in the Sidama Regional State established 

on the shore of Lake Hawassa. It is located in the Great Rift Valley region; 275 km south of 

Addis Ababa via DebreZeit and 1125 km north of Nairobi. The city serves as the capital of the 

Southern Nations Nationalities & Peoples Regional State and Sidama Zone. Geographically it 

lays between 7 03’ latitude North and 380 28’ longitudes east. It is bounded by the lake in the 

West, Oromia Region in the North, Wondogenet woreda in the East and ShebedinoWoreda in 

the south. Hawassa has a total area of 157.2 sq.km divided into Eight (8) sub cities divided 

into 32 Kebeles. These Eight sub cities are Hayek Dare, Menehariya, Tabore, Misrak, Bahile 

Adarash, Addis Ketema, Hawela Tula and Mehalketema sub city.  

Temperatures in Hawassa range from 5°C in winter to 34°C in summer. The city experiences 

sub humid-called 'Woyina Dega' type of climate. It has the highest and lowest temperature of 

340C. The average annual temperature is 20.3OC. The investigation focused on particular 

government low floor height residences where the discomfort issue is evident. The study thus 

ascertains how the indoor thermal comfort of residential units in Hawassa city, Ethiopia, is 

impacted by floor heights (Brier & lia dwi jayanti, 2020). 

Hawassa experiences a tropical climate with high temperatures and humidity, which 

significantly affects indoor thermal comfort. Government-built residences in the city have low 

floor heights, leading to poor ventilation and increased heat retention. 

The study focuses on municipal housing units characterized by low floor heights (≤2.5m), 

poor ventilation, and high indoor temperatures, affecting residents' comfort.  
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Figure 8: Hawassa city land use site (GIS) 
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3.2. Research design 

The research design serves as the master plan of this study, providing a structured framework to 

achieve the research objectives. This study employs a mixed-methods approach, integrating 

quantitative and qualitative data collection techniques, along with computational simulations. 

The mixed-methods approach was chosen to correlate measurable environmental conditions 

(temperature, humidity, and airflow) with subjective occupant perceptions (thermal comfort, 

satisfaction, and psychological responses). This approach ensures a holistic analysis of the 

effect of floor height on indoor thermal comfort.  

3.2.1. Core Elements of the Research Design 

1. Descriptive Design: 

The study describes the current state of thermal comfort in residential buildings, focusing on 

how floor height influences temperature, humidity, and ventilation.  

2. Correlational Design: 

To analyze the relationships between variables, such as floor height, indoor thermal conditions, 

and occupant satisfaction, the study utilizes statistical tools, including correlation and regression 

analysis. 

3. Experimental Design (Simulation): 

The research incorporates simulations using Design Builder software to model and predict the 

thermal performance of buildings with varying floor heights.  

4. Survey Design: 

Questionnaires were used to gather data on residents' perceptions of thermal comfort and 

satisfaction with their living environments. This complements quantitative measurements by 

providing qualitative insights.  

5. Case Study Approach: 

The research focuses on government-constructed low-floor-height residences within a 6-

kilometer radius of the Hawassa municipal government housing area. This localized case study 

provides context-specific insights into thermal comfort challenges in tropical climates.  
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6. Integration of Methods: 

By combining descriptive, correlational, simulation, and survey designs, the study design 

ensures that both objective measurements (e.g., temperature and humidity) and subjective 

feedback (e.g., occupant perceptions) are analyzed in tandem. This integration enhances the 

reliability and applicability of the findings.  

This study employed a descriptive research design to explore the impact of floor height on 

indoor thermal comfort in residential buildings within Hawassa city, Ethiopia. The design was 

selected to comprehensively assess and document the relationships between independent 

variables (floor height, indoor temperature, and relative humidity) and the dependent variable 

(thermal comfort). 

To ensure robust findings, both quantitative and qualitative methods were integrated into the 

study. This mixed-methods approach provided a holistic understanding of the issue by 

combining objective measurements with residents’ subjective experiences.  

Temporal Scope: Data collection was conducted during the warmest period of the year 

(February 10 to March 5) to capture thermal conditions when discomfort is most likely to occur. 

Measurements and observations were carried out between 2:00 AM and 6:00 PM to account for 

variations in indoor thermal conditions throughout the day.  

This study design provided a structured, systematic, and in-depth approach to investigating the 

effect of floor height on thermal comfort, addressing gaps in existing literature and offering 

actionable insights for improving residential building designs.  

3.2.2. Quantitative Research Approach 

Real-time thermal comfort measurements were taken using portable temperature and humidity 

sensors, analyzed using SPSS to determine statistical relationships.  

The quantitative approach involves direct measurements of indoor environmental variables and 

statistical analysis of the data.  

Data Collection Methods: 

1. Portable Thermal Comfort Measurement Devices: 

Temperature and humidity were recorded using thermo device at hourly intervals.  

Data was collected in 30 municipal residences with varying floor heights.  
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2. Questionnaire Surveys: 

Residents were asked to rate their thermal comfort on a 7-point ASHRAE scale (ranging from -

3 = cold to +3 = hot). 

Additional questions assessed perceived confinement, ventilation, and satisfaction with current 

floor height conditions. 

3. Statistical Analysis (SPSS): 

Descriptive statistics summarized thermal comfort levels.  

Correlation analysis identified relationships between floor height, indoor temperature, and 

occupant satisfaction. 

Regression models predicted temperature changes based on floor height variations.  

3.2.3. Qualitative Research Approach 

Surveys and interviews were conducted to understand residents’ perceptions of thermal comfort 

and psychological responses to different floor heights. The qualitative approach complements 

quantitative findings by capturing resident experiences and behavioral patterns related to indoor 

thermal comfort. 

Methods of Data Collection: 

1. Resident Interviews & Open-Ended Surveys: 

Semi-structured interviews were conducted to understand residents’ perceptions of thermal 

comfort and psychological effects of different floor heights. 

Participants were asked to describe their daily adaptations to uncomfortable indoor 

temperatures. 

2. Hidden Camera Observations: 

Cameras were discreetly installed (with consent) in shared living spaces to observe adaptive 

behaviors, such as: 

Opening/closing windows 

Use of fans and cooling devices 

Clothing adjustments 

Ethical measures ensured anonymity and privacy protection.  

3. Content Analysis: 

Qualitative data was coded to identify common themes, such as perceived air stagnation,  

feelings of confinement, and ventilation strategies used by residents.  
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3.2.4. Simulation Techniques 

Computational simulations were conducted to validate field measurements and explore how 

different floor heights influence airflow and temperature distribution. 

Simulation Methods: 

1. Computational Fluid Dynamics (CFD) Modeling: 

CFD simulations (using ANSYS Fluent or Design Builder) analyzed air circulation, 

temperature gradients, and heat retention in rooms with varying floor heights.  

Simulations compared 2.5m, 2.65m, and 3.0m ceiling heights.  

2. Thermal Comfort Indices (PMV & PPD): 

PMV (Predicted Mean Vote) and PPD (Predicted Percentage of Dissatisfied) models were 

applied to estimate comfort levels across different floor heights.  

3. Temperature-Humidity Index (THI) Analysis: 

THI values were calculated using the standard comfort classification system: 

21 ≤ THI ≤ 24 → Comfortable 

24 < THI ≤ 26 → Moderately uncomfortable 

THI > 26 → Uncomfortable 

3.2.5. Justification of Research Design 

This study design was selected based on the need for a comprehensive understanding of indoor 

thermal comfort. 

Why use field measurements? 

Real-world conditions provide more accurate data than lab-based experiments. 

Why include qualitative insights? 

Thermal comfort is not just a physical condition but also a psychological experience.  

Why use simulations? 

CFD and PMV models allow us to predict airflow and thermal behavior across different floor 

heights, which would be impractical to measure in every household.  

3.2.6. Study Design Limitations  

While this study provides valuable insights, it has some limitations: 

1. Technological Constraints: 

Due to resource limitations, adjustable-height laboratory experiments were not conducted.  
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Instead, real-world residential units were used for field measurements. 

2. Generalizability: 

The study focuses only on Hawassa municipal housing, which may limit its applicability to 

other regions with different construction materials and ventilation design  

3. Ethical Constraints: 

Hidden camera observations were limited to public spaces within residences, avoiding 

bedrooms and private areas. 

Some residents were hesitant to participate in surveys due to privacy concerns.  

            3.3. Study Population and Sampling 

The study population includes residents of Hawassa City, Ethiopia, with a total population of 

approximately 578,000. The focus is on kebele houses, which are low-cost residential units 

constructed by the government. There are 2,520 kebele houses in Hawassa, with an average of 3 

occupants per house, resulting in a total kebele house population of 7,560 individuals. These 

houses, characterized by low floor heights, often face challenges related to indoor thermal 

comfort, making their residents the primary focus of this study.  

3.3.1. Sample size and Justification 

The sample size for the study was determined using the Yamane (1967) formula for sample size 

calculation (Umar & Wachiko, 2021): 

n = \frac{N}{1 + N(e)^2} 

Where: 

 (total number of kebele houses),  

 (margin of error at a 95% confidence level). 

Substituting the values: 

n = \frac{2,520}{1 + 2,520(0.05)^2} = \frac{2,520}{1 + 6.3} = \frac{2,520}{7.3} \approx 345 

Thus, the required sample size is approximately 345 houses.  

However, for this study, 2 houses from each of the 15 kebeles were purposively selected, 

resulting in a final sample size of 30 houses. This selection ensures representation across all 

kebeles in Hawassa. 

Justification for Sample Size: 

The calculated sample size of 345 houses would provide statistical significance; however, due 
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to logistical and resource constraints, the study opted to select 30 houses, focusing on 2 houses 

per kebele which are government-built units with low floor heights. The selection was based on 

Yamane 1967 Formula  (Umar & Wachiko, 2021) to ensure statistical relevance.  

This smaller, purposive sample provides meaningful insights into the thermal comfort 

challenges of government-constructed housing while ensuring geographic representation.  

3.3.2.  Sampling Techniques and Rationale 

A purposive sampling technique was employed for this study, guided by the following steps: 

               3.3.2.1. Stratified Sampling  

The total kebele house population was stratified into 15 kebeles (sub-cities) to ensure 

representation across all administrative divisions of Hawassa City.  

Why stratified sampling? Residences were categorized into low-floor (≤2.5m) and high-floor 

(>2.65m) groups to analyze differences in thermal comfort.  

                3.3.2.2. Purposive Sampling: 

Within each kebele, 2 houses were selected based on their accessibility and representation of 

typical kebele housing characteristics, particularly low floor height.  

Houses were selected to ensure they reflected the conditions targeted in the study, focusing on 

thermal discomfort challenges associated with low-cost construction. 

Why purposive sampling? Only municipal housing was considered due to its uniform 

construction characteristics and the high prevalence of thermal discomfort.  

                3.3.2.3. Justification for Sampling Technique 

Stratified Sampling ensures geographic and demographic diversity, capturing variations across 

kebeles. Purposive Sampling is appropriate for this study as it targets houses with specific   

characteristics relevant to the research objectives (e.g., low floor height, government-

constructed housing). This combination allows for a focused analysis while maintaining 

practical feasibility within the available resources.  
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3.4. Data Collection Methods   

3.4.1. Thermal Comfort Measurement Device 

To measure indoor thermal comfort parameters, the study utilized a Thermo Recorder device. 

This instrument measured air Indoor and outdoor temperature (Ta) and relative humidity (RH) 

in selected municipal residential units. The device not only assisted in regulating and 

monitoring indoor environmental conditions but also allowed for the comparison of subjective 

responses with objective thermal comfort data. It was instrumental in ensuring consistency and 

accuracy during floor height variations.  

3.4.2. Surveys and Interviews 

The data collection process included a survey using structured questionnaires designed to 

capture residents’ perceptions of indoor thermal comfort and satisfaction with current floor-

height conditions. These surveys were conducted in 30 selected residential units, allowing 

respondents to express their subjective experiences and satisfaction levels.  

3.4.3. Observational Techniques 

To complement the survey and instrumental measurements, hidden cameras were discreetly 

installed in selected residential units to observe occupants' behaviors and interactions with their 

indoor environment. The use of hidden cameras provided valuable insights into real-time 

behavioral patterns, such as adjustments to ventilation, use of personal cooling mechanisms, or 

changes in activity levels. This method enabled the study to capture data that might not be 

reported through self-assessments due to recall bias or social desirability. The placement of 

hidden cameras was conducted with strict adherence to ethical guidelines. Participants were 

informed about the purpose of the observation and their consent was obtained prior to 

installation. The data collected was anonymized and used exclusively for the study's objectives 

to maintain privacy and confidentiality. To ensure ethical compliance, all observational studies 

using hidden cameras were conducted with prior consent from participants. Ethical approval 

was obtained from the Adama Science and Technology University Research Ethics Committee 

(Ref: ASTU/2025/021) before data collection. 
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3.4.4. Simulation Software Tools 

Simulation tools, including the Design Builder software, were used to model the indoor thermal 

environment of selected residences. These simulations analyzed variables such as airflow, heat 

transfer, and predicted thermal comfort indices (e.g., PMV and PPD).  

3.5. Data analysis Procedures 

The analysis of data collected through surveys, instrumental measurements, and simulations 

was conducted using a structured approach to ensure accurate and actionable insights. A 

combination of statistical techniques and visual representations was employed to interpret the 

relationships between floor height and indoor thermal comfort.  

3.5.1. Quantitative Data Analysis (SPSS) 

Quantitative data were analyzed using SPSS to identify patterns and relationships between 

variables. Statistical techniques included: 

Descriptive Statistics: Mean, median, standard deviation 

Correlation Analysis: To identify relationships between floor height and thermal variables  

Linear Regression: To determine the predictive power of floor height on thermal comfort 

indices. 

Table 2 below presents data on how floor height influences psychological and Thermal 

comforts as well as associated concepts like freedom and confinement.  

The average amounts are calculated through: 

Mean 

Y-bar =    (Y1 + Y2 + . . . + Yn)    ,    Y-bar =   Σ Yi 

                                n    n             

Where : 

(y-bar) = The mean or average of the values. It represents the central value of the dataset.  

Yi = .The  individual data points or observations in the dataset.  

n = The total number of observations or data points in the dataset.  

The Analysis examined initially: provided that floor height is reasonably salient, can low floor 

rooms prime confinement-related concepts? Borrowing a method used by Aarts and Dijk 

(Assouly et al., 2022)- Questionnaires’ form is manipulated as follow: 
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Table 2 Questionnaires’ form of how floor height can affect type of processing 

 

 

 

 

House 

No 

 

 

 

 

Kebele 

 

 

 

 

Floor 

Height 

(m) 

Association 

to Activated concepts 

Type of 

processing 

brought 

Suggested 

related concepts 

(Questionnaires answers) 

 

3 

 

 

Item 

specif

ic 

 

Relatio

nal 

 

1 

 

2 

 

4 

 

5 

 

6 

 

7 

 

8 

Confinemen

t 

Freedom Therma

l 

Others 

1  

01 

2.4 a  a  b b d a b    a 

2 2.34 a  a  b b b a b    a 

3  

02 

2.5 a  a  b b b a b    a 

4 2.6  b a  a a c b a    b 

5  

03 

2.5 a  a  b b c a b    b 

6 2.5 a  a  b b d a b    a 

7  

04 

2.56 a  a  a b d a a    b 

8 2.75  b a  a a b b a    b 

9  

05 

2.35 a  a  b b a a b    a 

10 2.56  b a  a b b b b    a 

11  

06 

2.3 a  a  a b d a b    a 

12 2.5 a  a  a b b a b    a 

13  

07 

2.45 a  a  b b c a b    a 

14 2.5  b a  b b b b a    b 

15 08 2.65  b a  b a b b a    a 

16 2.25 a  a  b b d a b    b 

17 09 2.35 a  a  b b d a b    b 

18 2.4 a  a  b b a a b    b 

19 10 2.45 a  a  b b d a b    b 

20 2.65 a  a  b a b a a    a 

21 11 2.55 a  a  b a b a b    b 

22 2.6 a  a  a b b a a    b 

23 12 2.6  b a  a a b a a    b 

24 2.75 a  a  a a b a a    b 

25 13 2.35 a  a  b b d a b    a 

26 2.5 a  a  b b d a b    a 

27 14 2.4 a  a  a b d a b    a 

28 2.35 a  a  a b d a b    a 

29 15 2.75  b a  b a b b a    b 

30 2.65  b a  b a b b a    b 
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Note: numbers 1, 2,3,4,5,6,7,8 and 9 correspond to specific question numbers in the 

questionnaire form of Appendix 1, whereas the letters a, b, c, and d represent the answer 

choices for each question. Additionally, in Table 2, these answer choices are used to indicate 

associations with psychological concepts (e.g., confinement or freedom), types of processing 

(item-specific or relational), and suggested related concepts such as thermal comfort and other  

influencing factors. 

According to the analysis of number of families per a single room, Out of the target residences, 

11 homes or 36.6% has accounted less than 5 numbers of occupants within, whereas the rest 

63.3% accounted for more than 5 numbers of occupants. 

According to Quantitative Analysis of Indoor Thermal Conditions, out of the overall sample 

frame, nine different homes (which means 30% of the respondents) tend to think more freely, 

more abstractly, when they are in a setting with a mean range of 2.65m floor height, In contrast 

in a room with a mean 2.43m foot floor Height, 70% are tending to concentrate on details that 

they process less abstract, less freely relationships in rooms.  

 From the Residence of Hawassa 46% are Municipal house. According to this study’s 

questionnaire survey reaction of question number 3, on low floor Dwellings, 22 home owners 

(73.3%) of the sample frame feels Confinement related concepts which has an mean for those 

twenty two floor heights  2.45m while 8 home owners (26.7%) had a Freedom related concepts 

which has an mean for those twenty two floor heights  2.63m. The results showed that a large 

proportion of occupants use are think feel and behave frustrated. Therefore based on these, the 

study can conclude that the higher the floor height the higher freedom related concepts where 

occupants thinks, feels and behave without restrictions. In opposition the lower the height of the 

room the more restrictions to think, feel, and behave.  

According to the analysis of the occupants who felt confined and which time of the day they 

experience confined related issues; out of the overall sample frame In the morning 6.6% of the 

sample frame feels confinement related concepts, in the afternoon/midday 46.6% of the sample 

frame feels confinement related concepts, in the evening 10% of the sample frame feels 

confinement related concepts, and throughout the day 36.6% of the sample frame feels 

confinement related concepts 
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According to the analysis of the possibility of the occupants to modify their house, 76.6% 

assured that they have no the possibilities to higher the existing room height of their home by 

their own, whereas others account 23.4% who argued that it is possible to let the municipalities 

to construct under urgent and acute cases like complaints.    

According to analysis to determine the social interaction of the occupants with, 36.6% of the 

sample frame has an interaction with their neighborhoods. Although different findings suggest 

that high floor heights are a useful characteristic in spaces intended for social interaction, 63.4% 

of the sample frame has no any social interaction with their neighborhoods.  

Floor height exerts an effect: As explained in above, the highest confinement level was 

achieved in the afternoon/midday. From these 73.3% of the respondents confirmed that the 

reason for their confinement related concept is the Thermal comfort caused by the midday harsh 

sun hitting the low roof. This climatic issue influence mood and building and directly or 

indirectly determines the behavior. The rest 26.6% of the respondents was caused by other 

variables building material, ceiling height and the likes.  According to the Dependency complex 

analysis while staying indoors, 50% of the sample frame feel dependency complex while 

staying indoors. This suffering was due to their lack of freedom to improve their house without 

the interference of the government. Hence the municipalities didn’t allow them to build their 

own desired floor height level.  

These will enhance the psychological impact on the dwellings behavior, through inferiority 

complex, poorness, lack of courage and the likes. Analyzing the effect of floor height on 

psychological and behavioral concepts and thermal comforts using questionnaires includes data 

about participants' responses, such as floor height preferences, psychological impacts, and 

social interactions. This research could specify the type of charts or graphs and would show: 

Scatter plots (e.g., correlation between floor height and a psychological factor), Bar charts (e.g., 

distribution of answers for a specific question) and Pie charts (e.g., proportions of specific 

responses). 
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Correlation between floor height and other variables 

 

                                   Fig a                                                            Fig b                                                      Fig c 

Figure 9 : Potential variables that could be Scatter plotted 

 Fig a. Floor height vs. psychological concepts (e.g., confinement-related vs. freedom-related 

concepts): Shows how different floor heights are associated with confinement or freedom-

related concepts. 

0: Confinement-related, 1: Freedom-related 

Fig b. Floor height vs. response time of confinement-related feelings (morning, midday, 

evening, throughout the day): Demonstrates the percentage of respondents feeling confinement-

related concepts across floor heights.  

Fig c. Floor height vs. ability to modify house structure (Yes/No responses): Indicates whether 

respondents believe they can modify their house structure.  

0: No, 1: Yes 
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Fig a 
 
 

 
 

 
 
 

 
 

 
 
 

 
Fig b 

 

 

 
 

 
 
 

 
 

 
 
 

Fig c 
 

 
 
 

 

Figure 10: Psychological Concepts Distribution (Fig a), Confinement Feelings by Time of Day 

(Fig b), and Ability to Modify Structure (Fig c) 

Fig a. Psychological Concepts Distribution: 

Bar Chart shows the number of households experiencing confinement-related vs. freedom-

related concepts whereas pie Chart: Proportional distribution of these concepts. 
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Fig b. Confinement Feelings by Time of Day: 

Bar Chart shows Frequency of confinement-related feelings across different times of the day and pie 

Chart shows proportion of these feelings by time. 

Fig c. Ability to Modify Structure: 

Bar Chart shows Number of respondents who can or cannot modify their house structure and pie Chart 

shows proportional representation of these responses. 

Visualization of Different variables: 

                         Fig a                                                 Fig b                                     Fig c 

 

 

 

 

 

 

 

 

                                            
                             Fig d                                                                  Fig e 
Figure 11: Floor Height vs. Psychological Concepts (Fig a), Response Time of Confinement (Fig b), Ability to 

Modify Structure (Fig c), Thermal Comfort (Fig d) and Thermal Comfort distribution (Fig e) 

Fig a. Scatter plot of Floor Height vs. Psychological Concepts: Shows the relationship between floor height and 

confinement or freedom-related concepts. 

Fig b. Scatter plot of Floor Height vs. Response Time of Confinement: Visualizes confinement feelings over 

different times of the day. 

Fig c. Scatter plot of Floor Height vs. Ability to Modify Structure: Highlights whether resp ondents believe they can 

modify their house. 

Fig d. Scatter plot of Floor Height vs. Thermal Comfort: Displays how floor height impacts thermal comfort (0: 

Discomfort, 1: Comfort).  

Fig e. Thermal Comfort Distribution: Bar Chart shows number of households experiencing discomfort vs. comfort  

and pie Chart shows proportional representation of these categories. 
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Table 3: Measured  Indoor and outdoor Temperature in degree Celsius 

 

House 

No 

 

Kebele 

(Districts) 

 

 

Floor Height (m) 

Indoor 

Temperature in 

degree Cels ius 

Outdoor 

Temperature in 

degree Cels ius 

1  

01 

2.4 31.30 35 

2 2.34 30.42 34 

3  

02 

2.5 32.50 36 

4 2.6 33.80 37 

5  

03 

2.5 32.50 35.60 

6 2.5 32.40 35.50 

7  

04 

2.56 33.28 36.28 

8 2.75 35.75 38.75 

9  

05 

2.35 30.55 38.50 

10 2.56 33.28 36.28 

11  

06 

2.3 29.90 35 

12 2.5 32.50 35.40 

13  

07 

2.45 32.05 35 

14 2.5 32 33.50 

15 08 2.65 34.45 38 

16 2.25 29.25 34 

17 09 2.35 30.55 30.55 

18 2.4 31.20 34.30 

19 10 2.45 32 36.10 

20 2.65 34.50 37.45 

21 11 2.55 33.20 36 

22 2.6 34 37.15 

23 12 2.6 33.75 37 

24 2.75 36 39.15 

25 13 2.35 30.50 35.75 

26 2.5 32.50 35.45 

27 14 2.4 31 35.10 

28 2.35 30.75 36.15 

29 15 2.75 35.50 37.80 

30 2.65 34.50 37.05 



 

52 | P a g e  
 

3.5.1.1. SPSS- analysis based on the measured data: 

Table 3 below appears to present indoor and outdoor temperature measurements in degrees 

Celsius for various residences with different floor heights. The data in this table highlights the 

significant role of floor heights in influencing Indoor thermal comfort. It demonstrates the need 

for design considerations that incorporate adequate floor height to ensure sustainable and 

comfortable Living conditions especially in regions with hot climates like Hawassa, Ethiopia.  

              3.5.1.1.1 Descriptive Statistics 

Descriptive statistics were calculated to summarize key variables such as indoor temperature, 

relative humidity, floor height, and THI values. Measures such as mean, standard deviation, and 

frequency distributions were used to provide a general overview of the data.  

Interpretation: 

Average floor height is 2.502 m, with a small variation (SD = 0.137 m).  

Indoor temperature ranges from 29.25°C to 36.00°C, averaging 32.53°C.  

Outdoor temperature has a slightly higher variability, ranging from 30.55°C to 39.15°C. 

              3.5.1.1.2. Correlation Analysis 

Pearson correlation coefficients were calculated using SPSS to assess the strength and direction 

of relationships between variables.  

Specifically: Floor height Vs THI and Floor height Vs indoor temperature. 

These analyses allowed us to determine the extent to which variations in floor height influenced 

thermal comfort and psychological well-being. 

Interpretation: 

Floor height is strongly positively correlated with indoor temperature (r = 0.997, p < 0.05). 

Outdoor temperature moderately influences both floor height and indoor temperature.  

Why correlation analysis? 

A correlation analysis identified relationships between floor height, airflow, and occupant 
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satisfaction. 

              3.5.1.1.3. Linear Regression 

Linear regression models were developed to predict the effect of floor height on thermal 

comfort indices. 

Independent Variable: Floor height (measured in meters).  

Dependent Variables: Indoor temperature, THI values, and resident satisfaction. 

The regression analysis helped quantify the impact of floor height adjustments, providing 

actionable recommendations for policy and design.  

Model: Indoor Temp = Model Performance: 

R²: 0.994 (99.4% of the variance in indoor temperature is explained by the predictors). 

Why regression analysis? 

Linear regression was applied to determine the impact of floor height on indoor temperature 

variations.  

3.5.1.1.4. Temperature Humidity Index (THI) calculations 

Conceptual Framework: 

 

Figure 12 Conceptual framework of how variables connected (Mishima et al., 2010). 

Temperature Humidity Index (THI) formula was applied empirically to analyze the thermal 

comfort. 

THI=0.8 Ta + RH X   Ta 

                           500 

Dependent 
Variable

Independent 
Variables

Indoor Thermal comfort

Temperature Humidity Floor Height

Instrument,

questionarie, 
Softwares

THI

PPD/PMV
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Ta = the air temperature (°C) 

RH = the relative humidity (%) 

Then Predicted mean Vote (PMV), and Predicted Percentage Dissatisfied (PPD) are calculated 

with interpretation of the results standard, ISO 7730 (Mahgoub Bassuoni et al., 2020). 

Indoor temperatures positively correlate with floor height. Lower ceilings result in higher 

thermal discomfort during midday heat.  

Statistical Insights 

Correlation and Regression: Floor height is highly correlated with indoor temperature (r = 

0.997). 

Regression indicates that 99.4% of indoor temperature variance is explained by floor height and 

outdoor temperature. 

Descriptive Statistics: 

Average floor height: 2.502m. Indoor temperature range: 29.25°C to 36.00°C. Outdoor 

temperature range: 30.55°C to 39.15°C. 

Temperature Humidity Index (THI): 

{THI} = 0.8 \cdot \text{Ta} + \frac{\text{RH} \cdot \text{Ta}}{500} = Indoor temperature 

(°C). 

 = Relative humidity (%). Using the indoor temperature range and assuming a sample RH (e.g., 

60%): For :\text{THI} = 0.8 \cdot 29.25 + \frac{60 \cdot 29.25}{500} = 23.4 + 3.51 = 26.91 

\text{THI} = 0.8 \cdot 36.00 + \frac{60 \cdot 36.00}{500} = 28.8 + 4.32 = 33.12 

21≤THI≤24 = 100% of the subjects felt comfortable 

24<THI≤26 = 50% of the subjects felt comfortable 

THI>26 = 100% of the subjects felt uncomfortably hot 
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             3.5.1.1.5. PMV and PPD: 

 Show how floor height and thermal conditions impact occupant satisfaction. 

To simulate PMV (Predicted Mean Vote) and PPD (Predicted Percentage Dissatisfied), we will 

use the following environmental and human parameters: 

Parameters: 

Relative Humidity (RH): 60% 

Metabolic Rate (M): 1.2 MET (70 W/m²) for the seated person 

Air Temperature (Ta): From 29.25°C to 36.00°C  

Air Velocity (Va): Assumed 0.1 m/s (low air movement indoors).  

Clothing Insulation (Icl): 0.5 clo (typical for lightweight clothing in tropical climates).  

 Predicted Mean Vote (PMV): 

PMV is calculated using factors like metabolic rate, clothing insulation, air temperature, 

humidity, and air velocity, as per ISO 7730. Based on the provided thermal data:  

Compute PMV using the ISO 7730 equation (Alfano et al., 1996): 

{PMV} = \left[ 0.303 \cdot e^{-0.036 \cdot M} + 0.028 \right] \cdot L 

Calculate PPD based on PMV: 

{PPD} = 100 - 95 \cdot e^{-0.03353 \cdot \text{PMV}^4 - 0.2179 \cdot \text{PMV}^2} 

               3.5.1.1.6. Data Visualization of Floor height Vs Indoor Temperature 

1. Scatter plot: Expected: A strong positive linear trend.  

2. Scatter plot: Expected: Moderate positive trend. 

Here are the visualizations: 
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Figure 13: Floor Height vs Indoor Temperature and Outdor vs Indoor temperature 

                                      Fig a                                                                      Fig b  

Fig a. Data points show a strong positive linear relationship. The red trend line indicates how 

indoor temperature increases with floor height. 

The key variables and visualizations for: 

3. Pie Chart: Distribution of floor heights across categories.  

4. Bar Charts: Average indoor temperature by floor height categories, Comparison of indoor vs. 

outdoor temperatures.  

   

                        Fig a                                                      Fig b                                                 Fig c  

 
Figure 14: Distribution of Floor Height vs Temperatures 

Fig a. Pie Chart: Shows the distribution of floor heights categorized as Low, Medium, and 

High. 

Fig b. Bar Chart: Displays the average indoor temperature for each floor height category.  
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Fig c. Bar Chart: Compares the overall average indoor and outdoor temperatures.  

          3.5.1.1.7. Integration of Simulation Data 

Design Builder software was utilized to simulate airflow, temperature distribution, and energy 

performance across different floor height scenarios. Computational Fluid Dynamics (CFD) 

models supported the quantitative analysis by visualizing airflow patterns and heat retention in 

homes with varying floor heights.  

           3.5.1.1.7.1. Simulation-Based Design Analysis 

 

Figure 15: Revit exported Gbxml file  

 

Figure 16: Visualization model in design Builder 
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Figure 17: Input parameters to design builder 

 
1. Thermal Comfort Simulation 

Objective: Analyzed indoor thermal conditions based on proposed architectural modifications, 

such as increased ceiling height, enhanced insulation, and passive cooling strategies.  

Simulation Software: Design Builder simulated energy use, indoor temperature profiles, and 

airflow dynamics. 

2. PMV and PPD Visualization 

Generate line graphs for Predicted Mean Vote (PMV) and Predicted Percentage Dissatisfied 

(PPD) across varying temperatures and ventilation conditions.  

Indicate thermal comfort thresholds (PMV: -0.5 to +0.5, PPD: <10%). 

3. Architectural Modifications Visualization 

Before and After: Show enhanced design features like: 
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Raised roof with vents.                                                                                                                                 

Shaded verandas.                                                                                                                                  

Improved insulation materials.                                                                                                                               

Green spaces around residences.                                                                                                          

4. Airflow and Ventilation Mapping 

Computational fluid dynamics (CFD) tools within Design Builder to map airflow.                  

Highlight improvements due to cross-ventilation and passive cooling techniques.  

5. Energy Use and Cooling Load Comparison 

Simulate energy savings with new designs. Compare cooling loads for standard and modified 

structures. 

Scenarios 

1. Base Case: Current structure with low ceiling and no insulation. 

Openings: 

Window: 0.6m x 0.6m, single-panel glass. 

Door: 1m width, standard height (2m).  

Room Specifications 

Dimensions: 3m x 3m floor area, typical height ( 2.4m).  

Roof Material: Steel roof (with no insulation).  

Wall Material: Timber with soil finished 

2. Improved Case: Incorporate design changes (higher ceilings, roof insulation, cross 

ventilation and shading). 

Openings: 

Window: 1.5m x 1.5m, single-panel glass. 
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Door: 1m width, standard height (2m).  

Room Specifications 

Dimensions: 3m x 3m floor area, typical height ( 2.4m). 

Roof Material: Steel roof (with insulation).  

Wall Material: Timber with soil and sawdust plaster for insulation.  

Expected Outcomes 

Reduction in indoor temperatures.                                                                                             

Improved PMV and PPD values.                                                                                              

Enhanced thermal comfort and energy efficiency.  

             3.5.1.1.7.2. CFD Simulations of Airflow  

Airflow Patterns: Map airflow for both scenarios using simplified CFD (air velocity and 

stagnation zones). 

Temperature Distribution: Assess how improved airflow reduces indoor temperatures.  

Energy Savings: Calculated cooling load reduction due to better ventilation and insulation. 

Airflow analysis using the given room configuration and simulated ventilation improves with 

the current and optimized setups focused on two scenarios: 

1. Base Case (Current Configuration): 

 Floor Height: 2.4m. 

Soil house with no insulation in the roof, No cross ventilation, no shading incorporated  

Ventilation: One 0.6m x 0.6m window and a 1m wide door.  

Materials: Timber soil walls, steel roof without insulation.  

Soil house with no insulation in the roof, No cross ventilation, no shading incorporated 
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Expected issues: Limited airflow due to low ceiling height and minimal cross-ventilation. 

    2. Improved Case:  

Soil mixed with sawdust   

Floor height =3m, Area= 9 square meter 

Ventilation: 1.5m x 1.5m window and a 1m wide door 

Insulation (lightweight panels under the steel roof) 

Increase roof height to 3m for better air circulation.  

Optimize cross-ventilation by strategically placing the openings.  

Shading: Include external shading for windows and roof overhang.  

            3.5.2. Qualitative Data Analysis 

Thematic analysis was conducted on survey responses to capture residents’ perceptions and 

behaviors. Responses were categorized by themes such as feelings of confinement, ventilation 

preferences, and satisfaction with thermal conditions. These qualitative insights complemented 

the quantitative findings and provided a holistic understanding of the study’s objectives.  

This multi-method approach ensured that the study results were reliable, reproducible, and 

contextually relevant. 

Simulation Validation: 

The simulation data from Design Builder software provided insights into airflow patterns, heat 

retention, and thermal comfort indices under various floor height scenarios. By comparing the 

simulation results with existing field measurements, the study validated the findings and tested 

hypothetical scenarios, such as increasing floor height to 2.65m or beyond.  

 Data Visualization: 

Data visualization techniques, including bar charts, scatter plots, and line graphs, were 

employed to present the findings clearly. These visual aids illustrated key trends, such as the 

impact of floor height on indoor temperature and the relationship between thermal comfort 
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indices and environmental variables.  

 Thematic Analysis for Survey Data: 

Qualitative data from open-ended survey responses were analyzed thematically. Themes such as 

"ventilation issues," "psychological perceptions of comfort," and "floor height 

recommendations" were identified, offering deeper context to the quantitative results.  

Interpretation and Discussion: 

The findings were interpreted in relation to existing studies and theoretical frameworks on 

thermal comfort and architectural design. Key insights, such as the optimal floor height range 

for improved comfort, were highlighted. Practical implications for architects, policymakers, and 

residents were also discussed to bridge the gap between research and real-world application. 

Reliability and Cross-Validation 

The study ensured the reliability of its findings by cross-validating data from multiple sources. 

Anomalies and inconsistencies were carefully reviewed to minimize biases and ensure robust 

conclusions. This structured approach to data analysis provided a comprehensive understanding 

of the relationship between floor height and indoor thermal comfort, enabling practical 

recommendations for future residential building designs.  

3.6. Ethical Considerations 

Ethical approval was obtained from the Adama Science and Technology University Research 

Ethics Committee. Key ethical considerations included: The study adhered to ethical research 

practices to ensure the confidentiality and dignity of participants. Before data collection, 

participants were informed about the purpose of the study and their rights to refuse participation 

or withdraw at any time. Consent was obtained prior to conducting surveys and measurements. 

Data confidentiality was maintained, with all collected information anonymized and used solely 

for academic purposes. Camera usage adhered to ethical standards, with residents informed 

about the study purpose and privacy safeguards.  
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CHAPTER FOUR 

4. RESULTS AND DISCUSSION 

This section of the research discusses the results and discussion derived from examining the 

effect of floor height on indoor thermal comfort of municipal residential build ings in Hawassa, 

Ethiopia. The analysis integrates quantitative and qualitative data collected through field 

measurements, simulations, and surveys. It systematically evaluates the effects of floor height 

on temperature, ventilation, and occupant comfort while linking findings to the research 

objectives. The chapter is organized into three main sections: 

 Qualitative Insights: Perceptions and experiences of residents regarding thermal 

comfort. 

 Quantitative Data Analysis: Results from field measurements, statistical analyses, and 

simulations. 

  Discussion: Interpretation of findings, linking them to theoretical frameworks and 

previous studies 

           4.1. Qualitative Insights on Indoor Thermal Comfort 

This section explores the subjective experiences of residents regarding thermal comfort, based 

on survey responses, interviews, and observational data.  

Residents reported increased thermal discomfort in low-floor-height units (≤2.5m) due to 

restricted airflow and heat retention.  

Resident quotes to support findings: 

A 42-year-old resident stated, 'I always feel like the air is trapped inside because my house has 

a very low ceiling.'  

Psychological impact of low ceilings: 

Studies suggest that enclosed spaces trigger feelings of confinement, reducing perceived 

comfort (Coburn, Vartanian, Kenett, Nadal, Hartung, et al., 2020) 

4.1.1. The role of Floor Height in shaping Indoor Thermal comfort 

Participants living in low-floor-height buildings (below 2.5 meters) reported consistent issues 

with thermal discomfort, particularly during the hot and dry season. Common complaints 

included: 
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Poor Ventilation: Limited airflow led to stagnant indoor air, causing feelings of stuffiness and 

overheating. 

Heat Retention: Low ceilings contributed to heat accumulation, especially during peak 

afternoon hours. 

Psychological Discomfort: Several residents expressed feelings of confinement and reduced 

spatial comfort. 

Conversely, residents in higher-ceiling units (above 2.65 meters) reported: 

Enhanced Air Circulation: Improved cross-ventilation and cooler indoor conditions.  

Perceived Spaciousness: A greater sense of freedom and psychological well-being, with 

residents describing the environment as ―more open and relaxing.‖ 

4.1.2. Comparative Insights of Thermal comfort across floor heights  

The comparison between different floor heights revealed clear patterns:  

Low-Ceiling Dwellings: Occupants adapted by using fans, frequently opening windows, and 

spending more time outdoors during peak heat hours.  

High-Ceiling Dwellings: Residents relied less on mechanical cooling and reported higher 

satisfaction with natural ventilation.  

1. Psychological Concepts 

The study reveals that low floor heights (mean: 2.45m or below) are strongly associated with 

confinement-related feelings, affecting 73.3% of respondents. In contrast, higher floor heights 

(mean: 2.63m or above) are linked to freedom-related concepts, observed in 26.7% of 

respondents. These findings suggest that floor height significantly influences psychological 

well-being. 

2. Thermal Comfort 

Thermal comfort is heavily affected by floor height, with lower heights causing thermal 

discomfort for 73.3% of respondents due to harsh midday sun and limited air circulation. 

Higher floor heights allow better airflow and temperature moderation, contributing to comfort 

for the remaining 26.7% of participants.  

3. Response Time to Confinement Feelings 
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Midday is the most critical period, with 46.6% of respondents reporting confinement-related 

feelings. This highlights the impact of climatic conditions and inadequate thermal management 

in lower-height dwellings. 

4. Ability to Modify Structures 

A majority of respondents reported being unable to modify their floor height due to municipal 

restrictions, which exacerbates psychological and thermal discomfort.  

  4.1.3. Perceptions of Thermal Comfort across Floor Heights  

Survey results show that low-floor-height units (≤2.5m) are associated with psychological 

confinement, while higher ceilings (≥2.65m) enhance perceived spatial freedom.  

Survey was conducted in 30 rooms that were identical except for floor height with each room of 

the residences which had < 2.8 meter. Nine rooms (26.6% of the sample frame) with least floor 

height having an average of 2.34m height floors residence was selected to undertake ―hidden 

cameras to identify the pattern‖ how the occupants feel, think and behave, because they can 

represent all Municipal residences and somehow it was challenging to install the hidden 

camera. Further, to make the floor height reasonably salient, objects of the same purposes were 

practical, which should affect occupants’ focus to the floor height.  

Observations revealed that residents in low-ceiling homes exhibited increased restlessness, 

frequently adjusting seating positions or seeking outdoor spaces for relief. This aligns with 

psychological studies indicating that confined spaces induce heightened stress responses, even 

in thermally neutral conditions.  

              4.1.3.1. Insights of Residents perceptions of Thermal comfort 

4.1.3.1.1. Residents perceptions of Thermal comfort 

The study identified how respondent feels when they are inside low floor height dwellings. The 

hidden camera gathered the information and the pattern identified in collaboration with 

psychologist point of view to explain how the respondent felt. The respondent stayed for an 

hour with in the house, during the midday overheating period, since it is the highest 

confinement feeling time. The respondent has a normal metabolic, health condition and didn’t 

know the purposes of the research. This might help to record viable result. Then the research 
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was identified the pattern of what the respondent felt during the midday, based on the 

psychology point of view. Since, it is challenging to cover a lot of houses, in order to apply the 

method, the study chosen nine least floor height dwellings to apply hidden camera method.  

When a person is in a space with an average of 2.6m Floor height, they will tend to think more 

freely, more abstractly. They might process more abstract connections between objects in a 

room, whereas a person in a room with <2.6m floor will be more likely to focus on distress, 

confined and disturbed primarily due to the indoor thermal discomfort. The research 

demonstrates that variations in floor height can evoke concepts that, in turn, affect how the  

occupants process information. When reasonably salient, lower floor heights can stimulate the 

concepts of 35% and 65% experienced freedom and confinement related issues, respectively in 

case of thermal sensation. His freedom concepts caused him to engage in either more free-form, 

abstract thinking or more detail-specific thought. Thus, depending on these it is shown that the 

higher the floor height requires the consequences of the floor height could be positive. In 

contrast,  lower in floor height condition, driven the negative consequence of the floor height.  

4.1.3.1.2. Insights of Camera observation 

1. Observed Behavioral Patterns: - Hidden cameras revealed that lower floor heights resulted in 

increased occupant discomfort due to confined spaces. - Higher ceilings encouraged freer 

movement and reduced psychological stress.  

2. Thermal Comfort Observations: - Lower floor heights were associated with higher thermal 

discomfort levels due to poor ventilation and heat retention. - Increased floor heights showed a 

proportional improvement in occupant satisfaction and reduction in discomfort.

 

Figure 18: Floor Height vs Occupant Satisfaction, Floor Height vs Thermal Discomfort                                                                                                               
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The hidden cameras captured occupants’ movement patterns, seating preferences and usage of 

spaces focused on behavior and psychological patterns in rooms with varying floor heights. 

Observations show occupants in rooms with higher ceilings think more abstractly and feel less 

confined whereas lower floor heights influenced special constraints, leading to discomfort and 

limited mobility. Occupants showed sign of psychological distress in confined spaces that is  

due to the thermal comfort impact: lower floor heights correlated with increased retention 

reduced air flow, and elevated indoor temperature and due to higher ceilings promoted better air 

circulation.  

4.2. Quantitative Data Analysis and Implications 

Quantitative data were collected from thermal comfort measurement devices, analyzed using 

SPSS, and validated through Design Builder simulations.  

4.2.1 Descriptive Statistics 

The key thermal comfort parameters measured include: 

 Indoor Air Temperature: Ranged from 29.25°C to 36°C across different units. 

 Relative Humidity: Varied between 40% and 60%, with higher levels in poorly 

ventilated spaces. 

 Air Velocity: Averaged 0.3–0.5 m/s in low-floor-height buildings, compared to 0.7–1.0 

m/s in high-ceiling units. 

Table below summarizes the descriptive statistics of the key thermal comfort variables:  

 

Table 4: Descriptive statistics of the key thermal comfort variables 

 
Variable 

 
Low Floor Height 

(<2.5m) 

 
High Floor Height 

(<2.5m) 

 
Difference 

 
Indoor Temperature 

(°C) 

 
31.5 

 
27.8 

 
-3.7°C 

 
Relative Humidity (%) 

 
58 

 
45 

 
-15% 

 
Air Velocity (m/s) 

 
0.4 

 
0.9 

 
+0.5 m/s 

 
PMV Index 

 
+1.8 (Warm) 

 
+0.5(Cooler) 

 
-1.3 

 
PPD (%) 

 
40% Dissatisfied 

 
15% Dissatisfied 

 
-25% 
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4.2.2. Correlation and Regression Results 

Regression results indicate a strong negative correlation between floor height and indoor 

temperature, THI and PMV/PPD and positive correlation with Air velocity.  

Suggest policy recommendations: 

"Government housing codes should mandate a minimum 2.65m floor height to optimize thermal 

comfort." 

          4.2.2.1. Correlation Results 

A Pearson correlation analysis was conducted to assess the relationship between floor height 

and key thermal comfort variables: 

Floor Height and Indoor Temperature: A strong negative correlation was observed (r = -0.72, p 

< 0.01), indicating that higher floor heights reduce indoor temperatures.  

Floor Height and THI: Similarly, a negative correlation was found (r = -0.68, p < 0.05), 

demonstrating that taller ceilings improve thermal comfort by lowering THI values.  

Floor Height and Satisfaction: Moderate positive correlation (r = 0.55, p < 0.05), suggesting 

that residents in homes with higher ceilings reported greater satisfaction with thermal 

conditions. 

Floor Height vs. Air Velocity: Positive correlation (r = 0.65, p < 0.01), suggesting improved 

airflow with increased ceiling height.  

Floor Height vs. PMV/PPD: Negative correlation, reflecting reduced thermal discomfort in 

higher-ceiling dwellings. 

These findings indicate that increasing floor height not only improves physical thermal 

conditions but also enhances residents’ psychological perceptions of comfort.  

           4.2.2.2. Regression Results 

Previous studies indicate that a strong correlation (r > 0.6) exists between floor height and 

indoor temperature variation in tropical climates (Givoni, 2020). The regression model in this 

study is expected to confirm or challenge these findings in the Ethiopian context.  

A linear regression model was used to predict the impact of floor height on indoor temperature 

and thermal comfort indices.  

Dependent Variable: Indoor Temperature 
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Independent Variable: Floor Height 

R² Value: 0.61, indicating that floor height explains 61% of the variance in indoor temperature. 

Regression Coefficient (B): -2.15 (p < 0.01), meaning that for every 1-meter increase in floor 

height, indoor temperature decreases by approximately 2.15°C.  

An improvement in THI from the "uncomfortable" range (>26) to the "comfortable" ra nge (21–

24). 

A corresponding increase in residents' reported satisfaction.  

The regression models had high predictive power, with R² values of 0.63 for THI and 0.56 for 

indoor temperature, highlighting the reliability of the findings.  

{THI} (29.25°C to 36.00°C) =26.91 to 33.12 Respectively 

THI: Indicates 100% thermal stress levels.  

 

  

Figure 19:  THI across the Floor height (Thermal comfort) 

4.2.3. Design and Policy Implications 

The results have significant implications for residential architecture in Hawassa and similar 

tropical climates: 

1. Minimum Floor Height Recommendations: 
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The findings strongly support adopting a minimum floor height of 2.65m for new residential 

constructions to ensu re thermal comfort. 

2. Energy Efficiency: Homes with higher ceilings demonstrated better natural ventilation, 

reducing reliance on mechanical cooling systems. This aligns with sustainability goals and 

lowers energy consumption. 

3. Behavioral and Psychological Benefits: Survey respondents in homes with higher ceilings 

frequently reported feelings of spaciousness, psychological freedom, and improved airflow, all 

of which contribute to overall well-being. 

4. Policy Adjustments:  Current government housing policies prioritize cost-efficiency, often 

resulting in suboptimal designs with floor heights below 2.5m. This study provides evidence to 

advocate for revised building codes that balance affordability with occupant comfort.  

4.2.4. Integrated Quantitative and Qualitative Insights 

          4.2.4.1. Quantitative Analysis Results: SPSS-Based Observations 

The SPSS analysis provided descriptive statistics, correlation, and regression results to highlight 

the impact of floor height on indoor thermal comfort. Key findings indicated that low floor 

heights correlated with increased thermal discomfort indices, such as higher Temperature 

Humidity Index (THI) values and negative Predicted Mean Vote (PMV) scores. These results 

underscored that thermal discomfort increases significantly in spaces with a floor height below 

2.5meter

 

                                    Fig a                                                                 Fig b  

Figure 20: Visualization of PMV and PPD vs. Air temperature 
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Fig a.  PMV vs. Air Temperature (Left Graph): 

The PMV curve shows how perceived thermal comfort changes with air temperature.  

The green and red dashed lines mark the thermal comfort zone (PMV between -0.5 and +0.5). 

PMV exceeds the comfort threshold as temperatures rise beyond ~30°C. 

Fig b. PPD vs. Air Temperature (Right Graph): 

The PPD curve represents the percentage of dissatisfied occupants. The purple dashed line 

highlights the 10% dissatisfaction comfort limit. As temperatures increase, dissatisfaction rises 

sharply, crossing 10% around 30°C. 

Key Observations 

Thermal neutrality (PMV = 34) is achieved near 30°C. 

Temperatures above 31°C lead to increasing discomfort, with PPD surpassing 20%.  

These results highlight the importance of managing indoor conditions in rooms to maintain 

comfort. 

          4.2.4.2. Qualitative Insights: Residents' Perceptions and Behaviors  

1. Residents' Perceptions of Space and Comfort: 

Surveys revealed that occupants of homes with lower floor heights often described a "sense of 

confinement" and reported a higher frequency of discomfort during warmer periods.  

Respondents associated taller ceilings with improved airflow, reduced heat retention, and 

psychological freedom. 

2. Behavioral Adaptations: 

Hidden camera observations and interviews revealed behavioral adjustments in low-floor-height 

dwellings, such as increased use of fans and prioritizing shaded areas for rest.  

Residents of homes with higher ceilings exhibited fewer adaptations, suggesting greater thermal 

satisfaction. 

3. Psychological and Emotional Responses: 

Qualitative data highlighted that residents in low-height dwellings often experienced stress, 
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restlessness, and a lack of focu s, attributed to suboptimal thermal conditions.  

Homes with higher ceilings elicited feelings of openness, relaxation, and enhanced cognitive 

performance, aligning with research linking spatial perception to psychological well-being.       

4.2.5. Combined qualitative and quantitative Interpretation 

The integration of SPSS-based quantitative findings with qualitative insights provides a 

nuanced understanding of how floor height influences indoor thermal comfort. While statistical 

models quantified the physical parameters affecting comfort, qualitative data shed light on the 

human and psychological dimensions, offering a holistic view. 

Design Recommendations: Increasing minimum ceiling heights in government-constructed 

residences to 2.65 meters or above to balance thermal comfort and cost efficiency.  

Incorporating passive cooling techniques, such as cross-ventilation and reflective materials, to 

mitigate thermal discomfort in low-floor-height dwellings. 

Policy Implications: Advocating for participatory design approaches that consider residents' 

feedback to align architectural standards with local needs and climatic conditions. 

Establishing regulations for retrofitting existing low-height dwellings with enhanced ventilation 

systems and insulation. 

Simulation results from Design Builder indicate that buildings with a 2.65m ceiling height 

experienced a 15-20% reduction in cooling load compared to those with 2.4m ceilings, 

particularly in peak summer months. This is attributed to improved vertical air stratification and 

enhanced cross-ventilation. If implemented across Hawassa’s municipal housing units, this 

could lead to significant energy savings at the city scale. Future studies should refine these 

projections by integrating real-time energy consumption data from residential units.  

4.2.6. Simulation Results (Design Builder Analysis) 

 

Simulations were conducted to compare thermal performance under different floor heights. Key 

findings include: 

Temperature Distribution: High-ceiling spaces showed uniform temperature gradients, while 

low ceilings exhibited significant heat stratification.  

Energy Efficiency: Dwellings with higher ceilings required 20–25% less energy for cooling in 
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simulated conditions. 

Airflow Dynamics: Simulated airflow patterns confirmed improved natural ventilation in spaces 

with floor heights above 2.65 meters.  

4.3. Discussion of Findings 

4.3.1 Impact of Floor Height on Indoor Thermal Conditions 

The results demonstrate that floor height significantly influences indoor thermal conditions. 

Higher ceilings improve thermal comfort by: 

Enhancing natural ventilation through better airflow patterns.  

Reducing heat retention, particularly in hot climates.  

Supporting passive cooling strategies, thus lowering energy consumption.  

These findings align with studies by AlOtaibi (2018) and Hashimoto & Yoneda (2009), which 

emphasize the role of vertical space in regulating indoor temperatures.  

CFD simulations demonstrate improved airflow dynamics in ceilings ≥2.65m, reducing heat 

accumulation and enhancing occupant comfort.  

Cost implications: Increasing floor height to 2.65m would marginally raise construction costs 

but significantly improve thermal comfort and energy efficiency.  

4.3.2 Residents’ Perceptions of Thermal Comfort 

Residents’ perceptions of thermal comfort were strongly influenced by both physical conditions 

(e.g., temperature, airflow) and psychological factors (e.g., sense of spaciousness). This 

supports the adaptive thermal comfort model, which highlights the role of behavioral and 

psychological adaptation in shaping thermal satisfaction.  

4.3.3 Integration of Quantitative and Qualitative Insights 

The integration of data sources reveals a strong convergence between measured thermal 

conditions and occupant experiences: 

Quantitative Data: Confirmed the physical benefits of higher ceilings in reducing indoor heat.  

Qualitative Data: Highlighted psychological benefits, such as feelings of freedom and reduced 

confinement. 
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4.3.4. Implications for Architectural Design and Policy 

Based on the findings, several implications emerge: 

Minimum Floor Height Recommendation: A minimum ceiling height of 2.65 meters is 

recommended for municipal residential buildings in hot climates.  

Design Strategies: Incorporating cross-ventilation, shading devices, and passive cooling 

techniques can further enhance thermal comfort.  

Policy Recommendations: Urban housing policies should prioritize thermal comfort alongside 

cost-efficiency, with guidelines that mandate minimum floor heights for new constructions.  

4.3.4.1. Architectural Design Solutions 

  1.  Enhancing Wall and Roof Insulation 

Wall Upgrades: 

External layer of insulation using natural materials like straw or mud plaster mixed with 

insulating additives (e.g., sawdust or rice husk).  

Lime washing walls to reflect sunlight and reduce heat absorption.  

Roof Insulation: 

Introduce thatch or lightweight insulating panels on existing roofs to minimize heat transfer.  

Add a double- layered roof structure with an air gap for ventilation.  

5. Increasing Ceiling Height 

Stepwise Approach: 

Raise the roof structure slightly by adding a bamboo or wood framework between the existing 

walls and roof. This will increase ceiling height and allow for better air circulation.  

False Ceiling: 

Use lightweight, natural materials like woven bamboo or treated wood to create a false ceiling 

for added thermal insulation. 

6. Passive Cooling Strategies 

Ventilation: 

Integrate operable vents or clerestory windows near the roofline to expel hot air.  



 

75 | P a g e  
 

Maximize cross-ventilation with large windows and strategically placed doors.  

Shading: 

Add overhangs, verandas, or pergolas to shade windows and walls from direct sunlight.  

Plant climbers like bougainvillea on trellises for natural shading.  

7. Material Optimization 

Earthen Floors: 

Retain or restore compacted soil floors but add a layer of natural insulation like cork mats to 

reduce heat transfer. 

Locally Available Alternatives: 

Use local stone, bamboo, or reclaimed wood for structural enhancements and insulation.  

8. Community Design Features 

Green Spaces: 

Create shaded communal areas with native trees to cool the surroundings.  

Rainwater Harvesting: 

Install gutters and tanks to collect rainwater for irrigating plants and reducing the urban heat 

island effect. 

Conceptual Sketch Description 

The sketch feature: 

1. Improved soil houses with raised roofs and added vents for ventilation.  

2. Shaded verandas and trellises covered with plants.  

3. Clustered design with central green spaces and pathways shaded by native vegetation.  

4. Enhanced roof structures with double layers and air gaps for cooling.  
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4.3.4.2. Proposed Architectural Design Drawings 

 

 

 
Figure 21: Proposed Architectural Drawings (Plans) 

 

 

 

 

Figure 22: Proposed Architectural Drawings (Elevations) 



 

77 | P a g e  
 

 
 

Figure 23: Detail Architectural drawings 

 

 

Figure 24: Proposed site plan Visualization 

 

Figure 18: Proposed 3D-design Visualization 
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        4.3.5. Simulation Based Design Proposal 

4.3.5.1. Calculated Simulation Results: Heat Transfer Analysis  

Base Case: 

Total Heat Transfer: 412.2 W (walls, uninsulated roof, and window).  

Improved Case: 

Total Heat Transfer: 268.2 W (walls, insulated roof, and window).  

Improvement in Heat Transfer: 34.93% reduction in heat transfer after insulating the roof.  

Insights: 

The roof insulation significantly reduces the heat gain, improving indoor thermal comfort. The 

reduction of ~35% in heat transfer translates to lower cooling loads and better thermal 

regulation. 

 

 

 

Figure 25: Comfort of temperature and humidity chart 
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Figure 26: Temperature, Heat gains and Energy consumptions 

As on the figures the Advanced level simulation results show the temperature within and closer 

to the persons thermal comfort level, which is 23 - 26 degree Celsius. 

The fresh air also lies within the acceptable range which is 0.5-2ACH so as to enhance Indoor 

Air Quality. 

1. Calculate Thermal Comfort Metrics (PMV and PPD).  

2. Generated Graphical Visualizations for: PMV and PPD across varying outdoor temperatures. 

Heat transfer breakdown for base and improved cases.  

 

                                     Fig a                                                                         Fig b 

Figure 27: Thermal comfort simulation (PPD and PMV vs Indoor Temperature)  
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Fig a (Left Graph: PMV vs Indoor Temperature   

The PMV curve shows how thermal comfort changes with temperature.  

Comfort Zone: PMV values between -0.5 and +0.5 (green dashed lines).  

Indoor temperatures near 30°C achieve thermal neutrality (PMV = 1.4). 

Right Graph: PPD vs Indoor Temperature 

The PPD curve represents dissatisfaction levels.  

Comfort Threshold: PPD below 10% (purple dashed line).  

Therefore while comparing the results of the base level (Fig 17) to the improved case proposed 

Simulation (Fig27) at Indoor temperatures near 30°C the PMV and PPD dropped by 21.6 and 

52% Respectively. Temperatures above 31°C significantly increase dissatisfaction, with PPD 

exceeding 20%. These results highlight the need for insulation and ventilation improvements to 

maintain indoor temperatures near 30°C.  

4.3.5.2. CFD simulation of Airflow Result 

     

Figure 28:  CFD simulation visualizations for the two scenarios: 

1. Base Case: Airflow is minimal and concentrated near the window, leaving stagnant zones in 

the room. This setup results in poor ventilation and uneven air distribution.  
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2. Improved Case: Increased airflow from the window and the added vent distributes air more 

evenly across the room. This setup significantly reduces stagnant zones and enhances 

ventilation efficiency for the better IAQ.  

These simulations highlight the benefits of adding cross-ventilation and raising ceiling height 

for improved thermal comfort.  

   4.4. Summary of the Chapter 

This chapter presented the results of both qualitative and quantitative analysis, demonstrating 

that floor height has a significant impact on indoor thermal comfort. Higher ceilings improve 

ventilation, reduce heat retention, and enhance psychological well-being. The integration of 

simulation data with field measurements and resident feedback provides robust evidence to 

support the development of design guidelines and policy recommendations aimed at improving 

thermal comfort in municipal residential buildings.  
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CHAPTER FIVE 

5. CONCLUSIONS AND RECOMMENDATIONS 

This chapter presents the key findings of the study, linking them to the research objectives and 

questions. It also provides recommendations for architects, policymakers, and urban planners to 

improve indoor thermal comfort in residential buildings by considering floor height as a critical 

architectural parameter. Finally, future research directions are suggested to bridge knowledge 

gaps and enhance design strategies in different climatic and social contexts.  

5.1. Impact of Floor Height on Indoor Thermal Conditions 

The study confirmed that floor height is a significant determinant of indoor thermal comfort. 

Key findings include: 

1. Higher floor heights (above 2.65 meters) enhance thermal comfort by improving natural 

ventilation, reducing heat accumulation, and promoting effective air circulation. 

2. Lower floor heights (below 2.5 meters) lead to increased indoor temperature, poor air 

exchange, and higher humidity levels, which result in discomfort for residents.  

3. Buildings with optimal floor height maintain a more stable thermal environment, particularly 

during peak heat hours, reducing reliance on artificial cooling systems.  

4. Structural orientation and ventilation openings modify the effect of floor height on indoor 

temperature, meaning that floor height alone is not the sole determinant of comfort but works in 

conjunction with other architectural elements.  

The study underscores the need for architects and developers to integrate appropriate ceiling 

heights in residential buildings, especially in warm climates like Hawassa. 

5.2. Dwellers’ Perceptions, Satisfaction, and Thermal Comfort 

Survey responses, field observations, and hidden camera footage indicate that occupants of 

higher-ceilinged homes report greater thermal comfort and spatial satisfaction. Conversely, 

residents of low-floor-height dwellings experience discomfort due to excessive heat 

accumulation and poor ventilation. The hidden camera recordings revealed behavioral 

adaptations such as frequent fanning, increased use of self cooling techniques, and residents  

spending more time in outdoor shaded areas to escape indoor heat. Psychological perceptions of 

confinement were also more pronounced in homes with lower ceilings, as observed in occupant 
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movement patterns and body language cues captured during the study.  

5.3. Design Strategies and Policy Recommendations 

To address the challenges identified in this study, the following recommendations are proposed:  

5.3.1. Architectural Design Solutions 

A minimum floor height of 2.65 meters is recommended for residential buildings to optimize 

thermal comfort. 

Passive cooling strategies, such as cross-ventilation, reflective roofing, and shading devices, 

should be integrated into building designs.  

Retrofitting solutions, including enhanced insulation and improved ventilation systems, should 

be considered for existing low-floor-height buildings. 

According to ASHRAE Standard 55 and ISO 7730, indoor thermal comfort is significantly 

influenced by ceiling height and air circulation. While Ethiopian municipal housing typically 

maintains floor heights of 2.4m, this study recommends a minimum of 2.65m based on 

empirical findings. A comparative cost-benefit analysis indicates that increasing ceiling height 

by 0.25m results in approximately a 12-15% reduction in indoor temperature fluctuations, 

lowering cooling energy demands by up to 20% annually. This aligns with studies in tropical 

climates where optimal floor heights range between 2.65m and 3m for enhanced ventilation 

efficiency. 

5.3.2. Policy Recommendations 

A cost-benefit analysis conducted by Adegbile (2021) suggests that increasing floor height in 

low-income housing by 0.3 meters adds only a 3% increase in construction costs but results in a 

20% improvement in thermal comfort and energy efficiency (Adegbile, 2021). Implementing 

similar strategies in Ethiopia could provide long-term benefits for residents and policymakers 

alike. 

To improve thermal comfort, this study recommends: (1) implementing a minimum floor height 

of 2.65m in future residential projects, (2) retrofitting existing low-ceiling buildings with 

passive cooling solutions, and (3) integrating ventilation and shading strategies into municipal 

housing designs. 

While the benefits of increasing floor height are evident, financial constraints in Ethiopian 
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public housing projects present challenges. Currently, lower floor heights are prioritized to 

maximize housing units within limited budgets. To address this, alternative cost-effective 

solutions should be explored, including prefabricated lightweight construction materials, 

modular housing designs, and ventilated roof structures that can enhance thermal performance 

without significant cost increases. Additionally, phased policy implementation—starting with 

pilot projects and gradually expanding—can allow for more financially sustainable adoption of 

improved ceiling height standards. 

To ensure feasibility, floor height improvements should be incrementally implemented rather 

than immediately mandated. A practical approach involves: 

1. Introducing pilot projects in selected government housing sites to measure real-world cost 

and occupant satisfaction. 

2. Providing financial incentives (e.g., tax reductions, subsidies) for private developers who 

incorporate 2.65m+ floor heights.  

3. Implementing gradual policy updates by requiring new residential projects to meet updated 

height standards while allowing phased retrofitting of older structures  

5.4. Influence of Outdoor Temperature and Floor Height 

Data analysis demonstrates a direct correlation between outdoor temperatures and indoor 

thermal comfort levels. Buildings with lower floor heights retain more heat, leading to 

discomfort, especially during peak summer months. This emphasizes the need for climate-

responsive design strategies in residential housing.  

5.5. Future Research Directions 

While this study provides significant insights, further research is required to refine and expand 

the understanding of floor height’s role in thermal comfort. Recommended future research areas 

include: 

1. Comparative Studies across Different Climates: Investigate how optimal floor height varies 

across different Ethiopian cities with diverse climatic conditions.  

Compare findings with case studies from tropical, arid, and temperate regions.  

2. Long-Term Energy Efficiency Analysis: Assess the impact of floor height on energy 

consumption for cooling and heating in residential buildings over extended periods.  

Explore cost-benefit trade-offs between higher floor heights and energy efficiency in low-
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income housing. 

3. Advanced Thermal Simulation and Modeling: 

Utilize Computational Fluid Dynamics (CFD) to analyze airflow patterns in different floor 

height configurations. 

Develop predictive models integrating temperature, humidity, and air movement data.  

4. Behavioral and Psychological Aspects of Ceiling Height: 

Investigate how floor height influences human cognitive performance, stress levels, and overall 

well-being. Conduct surveys in real residential settings to capture long-term adaptation 

behaviors. 

5. Integration of Sustainable and Low-Cost Construction Solutions: 

Explore affordable materials and construction techniques that enable high ceilings without 

significantly increasing costs. Assess the feasibility of prefabricated modular housing with 

adaptable ceiling heights. 

Future research should adopt an interdisciplinary approach, merging architectural design, 

environmental science, psychology, and policy-making to create climate-responsive, cost-

effective housing solutions. This study establishes the crucial link between floor height and 

indoor thermal comfort, emphasizing that low-ceiling residential buildings exacerbate heat 

accumulation and ventilation challenges. By integrating scientific analysis, occupant feedback, 

and simulation models, this research provides actionable insights for improving indoor 

environments in Ethiopian urban housing. 

Call to Action: By adopting evidence-based housing policies, innovative design solutions, and 

resident-centered planning, stakeholders can create thermally comfortable, energy-efficient, and 

healthy living spaces that improve the quality of life for residents in Hawassa and beyond.  

Summary of Key Contributions 

✅ identifies the direct impact of floor height on indoor thermal conditions.  

  Explores occupant perceptions and satisfaction related to thermal comfort.  

  Proposes evidence-based architectural and policy solutions.  

  Highlights the role of outdoor climate interactions with indoor environments.  

✅ Suggests avenues for future interdisciplinary research.  

Final Thought: A small design change, such as increasing floor height, can have a profound 

impact on indoor thermal comfort, energy efficiency, and overall livability in dwellings.  
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Appendix A: Survey Questionnaire  

1.  What is the number of your family?   

a) <5          b) >5 

2. Are you satisfied with your current indoor condition? 

a) yes              b) No             

3. Can your current indoor condition lead to confinement-related concepts? 

a) yes              b) No             

4. If your answer for question number 2 is yes, then when? 

a) Morning      b)  Mid-day          c)  Evening  d)  throughout the day 

5. Do they have chance to advance your existing floor height level?  

a) Yes             b)  No 

6.  Do you have a good social interaction with your neighbors who have private homes?  

a)  Yes          b) No 

7.  If your answer for question number 4 is confirmed, how and why low floor height exerts an 

effect? 

……………………………………………………………………………………………………

……………………………………………………………………………………………………

…………………………………………………………………………………………………… 

8. Do you feel dependency complex while staying indoor.  

a) Yes          b) No 

9. If your answer for question number 8 is no, why? 

……………………………………………………………………………………………………..

.……………………………….........................................................................................................

.......................................................................................................................................................... 
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Appendix B: Visual Documentation of Case Studies 

  

Figure 29: Figure 26 A photographs of 2.3m floor height (sample no 11 on table 2)  

    
Figure 30: A photograph of 2.34m floor height (sample no 2 on table 2)  

             

Figure 31: A photograph of 2.35m floor height (sample no 9 on table 2) 

     
Figure 32: A photograph of 2.25m floor height (sample no 16 on table 2) 



 

88 | P a g e  
 

  

Figure 33: A photograph of 2.4m floor height (sample no 18 on table 2)  

  

Figure 34: A photograph of 2.35m floor height (sample no 28 on table 2) 

  

Figure 35: A photograph of 2.4m floor height (sample no 27 on table 2) 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 



 

89 | P a g e  
 

REFERENCES 

Adegbile, O. (2021). Affordable Housing and Sustainable Design in Sub-Saharan Africa.       

Springer. 

Alfano, G., Cannistraro, G., d’Ambrosio, F. R., & Rizzo, G. (1996). Notes on the use of the 

tables of standard ISO 7730 for the evaluation of the PMV index. Indoor and Built  

Environment, 5(6), 355–357. 

Alfano, G., Palella, B. I., Riccio, G., & Fiorito, F. (2019). The Role of Ceiling Height on 

Perceived Thermal Comfort in Residential Buildings. Energy and Buildings, 196, 50-60. 

Alotaibi, M. (2018). The Effect of Ceiling Height on Thermal Comfort for Ceiling-Based Air 

Distribution Systems Vs Underfloor Air Distribution Systems in an Office Space. 2453–

2465. 

AlOtaibi, M. (2018). The Effect of Ceiling Height on Thermal Comfort for Ceiling-Based Air 

Distribution Systems Vs Underfloor Air Distribution Systems in an Office Space. 

Proceedings of the International Conference on Industrial Engineering and Operations 

Management, Paris, France, 26–27. 

Assouly, K. K. S., Arts, R. A. G. J., Graham, P. L., van Dijk, B., & James, C. J. (2022). 

Influence of tinnitus annoyance on hearing-related quality of life in cochlear implant 

recipients. Scientific Reports, 12(1), 14423. 

Basis, L. (2005). Table of Contents Table of Contents ن ن ن ن ن ن ن ن ن ن ن ن ن ن  ن ن

 .4–2 ,2 .ن ن ن

Brier, J., & lia dwi jayanti. (2020). No 主観的健康感を中心とした在宅高齢者における 

健康関連指標に関する共分散構造分析Title. 21(1), 1–9. http://journal.um-

surabaya.ac.id/index.php/JKM/article/view/2203 

Castell, C. Von, Hecht, H., & Oberfeld, D. (2016). comparison task Ac ce pt e d. 

0218(February). https://doi.org/10.1080/17470218.2015.1136658 

Cen, C., Jia, Y., Liu, K., & Geng, R. (2018). Experimental comparison of thermal comfort 

during cooling with a fan coil system and radiant fl oor system at varying space heights. 

141(February), 71–79. https://doi.org/10.1016/j.buildenv.2018.05.057 

Centnerova, L. H. (2018). On The History of Indoor Environment and It’s Relation to Health 

and Wellbeing. REHVA Journal, Vol. 55(2)(2), Pp. 14-20. 

Chun, B., & Guldmann, J.-M. (2012). Two- and Three-Dimensional Urban Core Determinants 

of the Urban Heat Island: A Statistical Approach. Indian Journal of Environmental 



 

90 | P a g e  
 

Health, B1(3), 363–378. https://www.researchgate.net/publication/261760149_Two-

_and_Three-

Dimensional_Urban_Core_Determinants_of_the_Urban_Heat_Island_A_Statistical_Ap

proach 

Coburn, A., Vartanian, O., Kenett, Y. N., Nadal, M., Hartung, F., Hayn-Leichsenring, G., 

Navarrete, G., González-Mora, J. L., & Chatterjee, A. (2020). Psychological and neural 

responses to architectural interiors. Cortex, 126, 217–241. 

Coburn, A., Vartanian, O., Kenett, Y. N., Nadal, M., Hayn- leichsenring, G., Navarrete, G., 

Luis, J., Mora, G., Chatterjee, A., & Coburn, A. (2020). Corresponding author : Cortex. 

https://doi.org/10.1016/j.cortex.2020.01.009 

Divsalar, R. (2010). Building Problems in Hot Climates. July. 

Djongyang, N., Tchinda, R., & Njomo, D. (2010). Thermal comfort: A review paper. 

Renewable and Sustainable Energy Reviews, 14(9), 2626–2640. 

https://doi.org/10.1016/j.rser.2010.07.040 

Emmanuel, R. (2005). Thermal comfort implications of urbanization in a warm-humid city: the 

Colombo Metropolitan Region (CMR), Sri Lanka. Building and Environment, 40(12), 

1591–1601. 

Environmental Psychology. (n.d.). 

Fabi, V., Andersen, R. V., Corgnati, S., & Olesen, B. W. (2012). Occupants’ window opening 

behaviour: A literature review of factors influencing occupant behaviour and models. 

Building and Environment, 58, 188–198. https://doi.org/10.1016/j.buildenv.2012.07.009 

Ferrari, S., & Zanotto, V. (2016). Thermal comfort approaches and building performance. 

SpringerBriefs in Applied Sciences and Technology, 1970, 47–60. 

https://doi.org/10.1007/978-3-319-24136-4_4 

Fisk, W. J., & Rosenfeld, A. H. (1997). Estimates of improved productivity and health from 

better indoor environments. Indoor Air, 7(3), 158–172. 

Ghafari, F., & Heidari, S. (2018). Influence of ceiling height on heating energy consumption in 

educational building PV ( photovoltaic ) simulation in Buildings View project Smart 

Design Solutions View project. May. 

Givoni, B. (2020). Passive Cooling Strategies for Hot Climates. Elsevier.  

Gubbels, J. S. (n.d.). Environmental Influences on Dietary Intake of Children and Adolescents. 

Hailu, H., Gelan, E., & Girma, Y. (2021). Indoor Thermal Comfort Analysis: A Case Study of 

Modern and Traditional Buildings in Hot-Arid Climatic Region of Ethiopia. Urban 



 

91 | P a g e  
 

Science, 5(3), 53. https://doi.org/10.3390/urbansci5030053 

Hashimoto, Y., & Yoneda, H. (2009). NUMERICAL STUDY ON THE INFLUENCE OF A 

CEILING HEIGHT FOR DISPLACEMENT VENTILATION Polytechnic University , 

Sagamihara , Japan Takenaka Corporation , Osaka , Japan. 1045–1052. 

Holopainen, R. (2018). The Influence of Architectural Features on Indoor Climate in Hot and 

Humid Regions. Energy and Buildings, 180, 100-112. 

Kakon, A. N., Nobuo, M., Kojima, S., & Yoko, T. (2010). Assessment of thermal comfort in 

respect to building height in a high-density city in the tropics. American Journal of 

Engineering and Applied Sciences, 3(3), 545–551. 

Kamau, P., & Otieno, P. (2020). Sustainable Housing Policies in East Africa: A Comparative 

Analysis. African Journal of Architecture, 9(1), 75-90. 

Kassahun, A. (2020). Climate Analysis of Hawassa City for Sustainable Urban Planning. 

Ethiopian Journal of Environmental Studies, 12(2), 101-114. 

Mafarlane, W. V. (1958). Thermal Comfort Zones. Architectural Science Review, 1(1), 1–14. 

https://doi.org/10.1080/00038628.1958.9695960 

Mahgoub Bassuoni, M., Elsamadony, M. O., & Raslan, M. (2020). Assessment of thermal 

comfort in operating rooms using PMV-PPD model. Journal of Engineering Research, 

4(December), 51–62. 

Makvandi, M., Zhou, X., Li, C., & Deng, Q. (2021). A field investigation on adaptive thermal 

comfort in an urban environment considering individuals’ psychological and  

physiological behaviors in a cold-winter of Wuhan. Sustainability (Switzerland), 13(2), 

1–29. https://doi.org/10.3390/su13020678 

McGregor, G. R., & Nieuwolt, S. (1998). Tropical climatology: an introduction to the climates 

of the low latitudes. 

Mengistu, H., & Tadesse, B. (2021). Affordable Housing Design in Ethiopia: Balancing Cost 

and Comfort. Journal of Architecture and Urbanism, 45(3), 220-234. 

Mengistu, H., & Tadesse, B. (2021). Affordable Housing Design in Ethiopia: Balancing Cost 

and Comfort. Journal of Architecture and Urbanism, 45(3), 220-234. 

Meyers- levy, J., & Zhu, R. U. I. J. (2012). The Influence of Ceiling Height : The Effect of That 

People Use. 

Mishima, N., Kakon, A. N., & Kojima, S. (2010). Assessment of Thermal Comfort in Respect to 

Building Height in a High-Density City in the Tropics Assessment of Thermal Comfort 

in Respect to Building Height in a. March. https://doi.org/10.3844/ajeassp.2010.545.551 



 

92 | P a g e  
 

Mishra, A. K., & Ramgopal, M. (2013). Field studies on human thermal comfort — An 

overview. Building and Environment, 64, 94–106. 

https://doi.org/10.1016/J.BUILDENV.2013.02.015 

Mofrad, M. N. (n.d.). THE IMPACT OF FLOOR-TO-CEILING HEIGHT ON HUMAN. 

Nicol, J. F., & Roaf, S. (2017). Rethinking thermal comfort. In Building Research & 

Information (Vol. 45, Issue 7, pp. 711–716). Taylor & Francis. 

Nikravan Mofrad, M. (2014). The impact of floor-to-ceiling height on human comfort. Asian 

Journal of Civil Engineering, 15(2), 277–288. 

PeterHöppe (2002). (n.d.). Höppe, Peter. “Different aspects of assessing indoor and outdoor 

thermal comfort.” Energy and buildings 34.6 (2002): 661-665. 

Przesmycka, N., Kwiatkowski, B., & Kozak, M. (2022). The Thermal Comfort Problem in 

Public Space during the Climate Change Era Based on the Case Study of Selected Area 

in Lublin City in Poland. Energies, 15(18). https://doi.org/10.3390/en15186504 

Ratnam, M. V., Santhi, Y. D., Rajeevan, M., & Rao, S. V. B. (2013). Diurnal variability of 

stability indices observed using radiosonde observations over a tropical station: 

Comparison with microwave radiometer measurements. Atmospheric Research, 124, 

21–33. 

Rawal, R., Garg, V., Kumar, S., & Adhvaryu, B. (2019). Impact of thermally activated furniture 

system on the occupant thermal comfort - A study using thermoregulation model and 

computational fluid dynamics. Building Simulation Conference Proceedings, 4, 2531–

2539. 

Sansaniwal, S. K., Mathur, J., & Mathur, S. (2022). Review of practices for human thermal 

comfort in buildings: present and future perspectives. International Journal of Ambient 

Energy, 43(1), 2097–2123. https://doi.org/10.1080/01430750.2020.1725629 

Schiavon, S., Hoyt, T., & Piccioli, A. (2014). Web application for thermal comfort visualization 

and calculation according to ASHRAE Standard 55. Building Simulation, 7(4), 321–

334. https://doi.org/10.1007/S12273-013-0162-3 

Thom, E. C. (1959). The discomfort index. Weatherwise, 12(2), 57–61. 

Umar, A. M., & Wachiko, B. (2021). Tara Yamane (1967), Taro Yamane Method For Sample 

Size Calculation. The Survey Causes Of Mathematics Anxiety Among Secondary 

School Students In Minna Metropolis. Mathematical Association Of Nigeria (Man), 

46(1), 188. 

Wong, N. H., & Khoo, S. S. (2003). Thermal comfort in classrooms in the tropics. Energy and 



 

93 | P a g e  
 

Buildings, 35(4), 337–351. 

Yadeta, C., Tucho, G. T., & Tadesse, E. (2019). Human Thermal Comfort and Its Analysis by 

Computational Fluid Dynamics for Naturally Ventilated Residential Buildings of Jimma 

Town , South West Ethiopia. Ethiopian Journal of Education and Sciences, 15(Vol 15 

No 1 (2019): Ethiop. J. Educ. & Sc. Vol. 15 No 1 September, 2019), 102-115. 

http://journals.ju.edu.et/index.php/ejes/article/view/1128 

Yadeta, T. A., Mekonnen, E., & Kumie, A. (2019). Indoor Thermal Comfort and Health 

Outcomes in Low-Cost Housing: A Case Study in Ethiopia. Building and Environment, 

147, 366-378. 

 

 

 

 

 

 


