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Abstract
Acceptable Indoor Environmental Quality (IEQ) is needed for occupants’ quality sleep,
health, comfort and wellbeing. This study examined hostel rooms’ Indoor Environmental
Quality and its effects on students’ wellbeing in selected universities in Oyo State,
Nigeria. It specifically investigated the orientation of the hostel building with physical
dimensions of the hostel rooms and examined the adequacies of IEQ components. It
further investigated the students’ satisfaction with the IEQ conditions and established the
impacts of IEQ conditions on students’ wellbeing. Data was collected through both
primary and secondary sources including physical measurements of hostel rooms’ layout
and questionnaires. A Two-stage sampling technique was used to select the students as
study population. 1410 questionnaires were randomly distributed based on Probability
Proportional to Size while 1372 (97.3% of the sample size) questionnaires were retrieved
and analyzed. The data obtained from both objective and subjective measurements were
quantitatively subjected to descriptive, explorative and inferential statistics in frequencies,
percentages and cross-tabulations in tables and regression analysis using Statistical
Package for Social Science (SPSS 23.0). It was found that all hostel halls exhibit diverse
characteristics such as building orientation, geometry/form; number of floor; number of
loading; headroom etc and greatly influenced IEQ conditions in the hostels, thereby,
enhancing students’ satisfaction and wellbeing. Also, the IEQ components of thermal
comfort, IAQ, acoustic and lighting were inadequate, unsatisfactory and uncomfortable in
most of the hostel spaces due to inadequate percentages of window/wall and
window/floor area ratios, though; indoor ventilation was assessed and found to be
adequate in the hostel rooms. The result further revealed unsatisfactory thermal
conditions, unhealthy indoor air quality and high level of noise disturbance thus, affecting
students’ wellbeing, though, artificial lighting was adequate and satisfactory. Findings
further revealed that the students’ wellbeing is strongly affected by unhealthy IEQ as
reflected by the students’ sleeping inefficiency, demotivation to wake up early and ill-
health status. It was found that, headache, fatigue, cold hands and feet etc are the
prevalent health symptoms in the hostel rooms. Therefore, a strong significant
relationship (p<0.05) exists between students’ wellbeing and IEQ component of thermal,
IAQ, acoustic and visual comforts in the hostel rooms establishing IAQ as the most
ranked IEQ component contributed to students’ wellbeing. The study therefore
contributed to the sustainable development and healthy indoor ambiences, aligning with
the SDGs 3, 4, 7, 9 and 11 thus, enhancing students’ wellbeing. The study recommends
that adequate attention must be paid to the inclusion and handling of the IEQ components
at the hostels design conceptualization and implementation stages to enhance occupants’
sleep quality and health to promote students’ wellbeing.

Keywords: Hostel Rooms, Indoor Environmental Quality (IEQ), Selected Universities,
Students’ wellbeing.

Word Count: 427
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Chapter One

Introduction

1.1 Background to the Study

Indoor Environmental Quality (IEQ) is a quality of a building’s ambience in compliance

to the occupants’ comfort, sleep quality, satisfaction, wellbeing and productivity1. It is

further defined as an acceptable level of thermal, lighting/visual, acoustic and Indoor Air

Quality (IAQ) comfort2. These factors greatly influence occupants’ satisfaction,

wellbeing & productivity, and are expected to be improved when the quality of indoor

environment is conducive to the people in any indoor space3. Buildings are constructed

for people to reside, sleep, work, study, learn and perform different activities and

requirements for the occupants’ tenancy are needed to be achieved as a pre-condition for

their health, performance, productivity and wellbeing4. Based on hierarchy of human’s

needs, shelter is named as the first important aspect under the physiological need of man

among other needs5. A building/shelter therefore functions as a habitation of quality sleep

and security, and needs to be carefully designed for the wellbeing, satisfaction, and

productivity of the occupants6.

In contemporary times, people spend approximately 60%–90% of their day’s life period

in indoors and are continuously exposed to various indoor environmental quality7. Indoor

Environmental Quality (IEQ) has a significant impact on health, wellbeing, mood,

satisfaction, productivity and finally on quality of occupants’ life. It becomes a matter of

great concern if the environment causes any detrimental/negative effect on the building

occupants’ wellbeing, comfort, satisfaction and productivity8. Also, work performance

and productivity of occupants are poorly affected when the quality of indoor ambience is

slightly affected9. There is therefore a need to fully investigate the impact of indoor
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environmental quality (IEQ) on the occupants’ quality life, wellbeing, satisfaction and

productivity. Studies have shown that the residents’ comfort, satisfaction, performance,

quality of lives, health, wellbeing and productivity can be strongly affected by indoor

environmental conditions10. For instance, inadequate supply of fresh air alone in the

commercial buildings of United States and United Kingdom had caused a loss of

approximately billions of 38 dollars and 15 pounds respectively as a result of reduced

users’ productivity, performance and illnesses3. Therefore, assessing sustainability in

building is important, encompassing economic, social and environmental aspects that can

create healthier and more sustainable sleeping and learning environments for the

enhancement of productivity and wellbeing in the indoors.

A student housing or hostel, is a lodging facility designed and constructed to meet the

essential needs of students in a learning environment. It is a shared educational facility

that accommodates students for not less than 8 to 12 hours daily after other learning

activities11. Further studies revealed that an estimated 60-70% of students’ daytime are

spent within the hostel indoor for mutual reading/studying, engaging in assignments,

sleeping and preparing for other day’s academic works 12, 7. It is also revealed that shelter

(hostel) and its indoor conditions influence its occupants’ wellbeing, comfort, satisfaction,

health, and enhances motivation to learning13. Therefore, it is imperative to explore the

influence of indoor environmental components on residents’ comfort and satisfaction to

enhance wellbeing and performance in the indoor. Students’ hostels are therefore not in

exemption of these adverse effects associated with exposures to poor indoor

environmental quality, hence, emphasizing the importance of creating acceptable indoor

environmental conditions. This is to create comfort, satisfaction and wellbeing for these

hostel buildings where students’ intellectual capacity and learning performance are

enhanced14.
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In current times, studies on indoor environmental quality (IEQ) in students’ hostels have

gained momentum because IEQ plays an important part in determining the level of

students’ satisfaction in the dormitories, thus, establishing a strong correlation to

students’ wellbeing, performance and productivity1. Researches revealed that poor IEQ

(air quality, lighting, acoustics, and thermal comfort) in hostels may result to discomfort,

dissatisfaction and poor wellbeing, as a result of adverse health symptoms15. On the

converse, quality indoor ambiences have a significant role on occupant wellbeing, health,

comfort, satisfaction, performance and productivity16. Quality and excellent daytime

functioning with sound health, adequate and unobstructed sleep are functions of enhanced

satisfaction, wellbeing and performance17. Consequently, quality sleep is very vital for

human health & wellbeing and a basic human need for productivity, performance and

learning motivation18. It is therefore necessary to give good consideration in achieving

satisfactory indoor environmental quality in students housing to aid their wellbeing and

enhanced performance.

1.2 Statement of the Problem

Over decades, studies have investigated Indoor Environmental Quality (IEQ) components

and their influences on occupants globally. The focus had been on various buildings such

as commercial/public buildings, educational buildings, offices and domestic homes,

among others19, 20, 21, 22, 23, 24. While there are numerous studies on Indoor Environmental

Quality (IEQ) and its influences on occupants, there are few studies as it relates to

students’ hostels when compared to other building types.

In this regard, various researchers have assessed IEQ impacts on occupants in educational

edifices like laboratories, staff offices, classrooms etc. For instance, a Malaysian

university's three air-conditioned engineering education laboratories were assessed for

thermal conditions and health issues associated with building illnesses. Subjective
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surveys were used in conjunction with objective measurements of mean radiant

temperature, relative humidity, and air temperature to compile data on the specific

building and users' perceptions25, 26, 27. Also, a self-administered questionnaire to capture

information among university office staff to examine the association between health

symptoms, office characteristics, individual factors, and indoor pollutions in selected

universities in Malaysia was performed. A methodology of direct reading instrument was

used to measure indoor temperature, relative humidity, carbon monoxide, and carbon

dioxide and analysis of chemical toxins from settled dust and mite collected through a

vacuum was performed28, 29, 30, 31, 32.

Furthermore, in the conduct of investigations of IEQ effects on occupants in domestic

homes; a study to examine the link between indoor air quality (IAQ) and health problems

from sick building syndrome (SBS) in Chinese homes was conducted. The research

studied the building characteristics and established a method of measuring the ventilation

rate, relative humidity, air temperature, carbon dioxide, particulate matters, volatile

organic compounds (VOCs), and ozone with the administration of questionnaires to

capture information on residents’ perceptions of SBS symptoms and odour33, 34.

Although, numerous researches have been conducted in diverse dimensions on IEQ

components and its various effects on occupants in Africa and globally with focus on

domestic homes, offices/commercial, educational buildings and few students’ hostels. To

the best knowledge and understanding of the author, there exists a paucity of researches

on the quality of hostel indoor environment and its influences on the wellbeing of

students residing in Nigerian dormitories. This study is therefore aimed at conducting an

evaluation of Indoor Environmental Quality (IEQ) components of hostel indoors to
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determine its influences on students’ wellbeing in selected universities, Oyo state,

Southwest Nigeria.

1.3 Aim and Objectives of the Study

The aim of this study is to evaluate hostel rooms’ IEQ components and its effects on

students’ wellbeing in selected universities, Oyo State, Nigeria.

The objectives were to:

1. determine the compass orientation of the hostel buildings and physical dimensions

of the hostel rooms in the study area

2. examine the adequacies of IEQ components of thermal comfort, IAQ, lighting and

acoustic using the parameters of Window to Floor Area Ratio, Window to Wall

Area Ratio and Indoor Ventilation rates in the study area.

3. investigate the satisfaction of the students with the Indoor Environmental

conditions in the hostel rooms of the selected universities.

4. investigate the impact of IEQ conditions on students’ wellbeing in the hostel

rooms of the selected universities.

1.4 Research Questions

1. What are the compass orientation of the hostel buildings and the physical

dimensions of the selected hostel rooms in the study area?

2. How adequate are the IEQ components of thermal comfort, IAQ, lighting and

acoustic in the selected hostel rooms of the study area?

3. What are the levels of students’ satisfaction with the Indoor Environmental

conditions in the hostel rooms in the study area?

4. What are the impacts of IEQ conditions on the students’ wellbeing in the hostel

rooms of the selected universities?
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1.5 Significance of the Study

This study's findings will help policymakers, built environment experts, and other

academic researchers, both locally and globally, to gain a deeper understanding of the

requirements for quality indoor environment that may be applicable in the design of

naturally ventilated universities’ hostel. In addition, this study further enhances

knowledge on the influences of indoor conditions on the occupants’ overall wellbeing,

vis-a-vis its contributing factors in the hostel rooms.

Therefore, to the policymakers, this study provides a framework for a better

understanding of IEQ components and its effects on students’ wellbeing so as to

strengthen a focus to improve and enhance students’ productivity in the hostels. The study

specifically investigates the IEQ of naturally ventilated hostel rooms and its influences on

students’ wellbeing, so as to ascertain the existing factors/components of indoor

environmental quality in the hostels, thus, providing a database for the establishment of

knowledge and experiences on the indoor environmental quality effects on students’

physical wellbeing in Nigerian Students’ dormitories.

To the built-environment professionals, the results of the study can provide useful

guidelines in the design of future hostels that will be responsive to IEQ needs to ensure

occupants’ wellbeing and productivity. This study is also intended to assess the influence

of quality of hostel indoor environment on students’ wellbeing with a bid to enhance

planned and optimized improved environment and comfort for the students. This study is

thus, to promote a balance between IEQ conditions and occupants’ comfort, satisfaction,

wellbeing & productivity in the hostels. Also, the study will be useful to yield insights

that necessitate organizational and spatial transformations in the future hostel designs.

This will follow the most recent developments in dormitory design, which emphasize
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comfort, satisfaction, pleasure and wellbeing in order to support students’ wellbeing in

the hostel rooms.

This work will be useful to other researchers, to offer a basic database for subsequent

pursuing deeper exploration into the influence of IEQ on students' wellbeing as a database

source. Moreover, students in hostels represented a large population of people in any one

building at any time and therefore expected to affect a large mass of the population in

return. Summarily, findings inferred that hostels are not performing up to the acceptable

global comfort standards17, 21. Hence, this study is useful to provide deeper understanding

on how acceptable and satisfactory quality of indoor ambience is inclined on an

enhanced/improved occupants’ mood, productivity and wellbeing in any building.

1.6 Scope of the Study

This study’s scope is focused on the evaluation of hostel rooms’ Indoor Environmental

Quality (IEQ) and its effects on students’ wellbeing in only four (4) selected universities

in Oyo state, Nigeria. Therefore, selected Universities possessing purposely built

students’ hostels were considered. These are the University of Ibadan, Abiola Ajimobi

Technical University, Ajayi Crowther University and Lead City University students’

hostels (Table 3.1).

Also, this study is focused only on the assessment of physical dimensions of hostel

rooms’ layout and administration of questionnaires to obtain information on the

students’satisfaction with the Indoor Environmental Quality (IEQ) conditions of hostel

rooms.

1.7 Limitation of the Study

This study is restricted to the adoption of both physical measurement of hostel rooms’

layout and students’ appraisal of IEQ components through the administration of survey
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questionnaires to extract information on the hostel rooms’ indoor environmental quality

(IEQ) component and influences of these components on students’ wellbeing in selected

universities. However, the adoption of experimental/climatic measuring equipment is not

applicable in this study due its unavailability and financial constraints. Due to the same

limitation, only four (4) universities hostels were selected as representatives for the

course of this study. This enhances saving of time and cost.

1.8 Operational Definitions of Terms

Acoustic: This is a phrase used to describe the characteristics that dictate a room's

capacity to reflect sound waves in a way that creates distinctly different hearing. In terms

of sound generation, effects, rules, transmission, and reception, it also refers to a science

of sound.

Hostel: It is an important facility provided on any conventional academic institution to

serve students’ housing needs or a communal facility and shared space with limited

access that helps build students’ intellectual capacity and enhances students’ productivity

and wellbein.

Indoor Air Quality: It refers to the quality of air velocity/movement within and around

buildings/structures, especially as it corresponds to the building residents’ health, comfort,

performance and wellbeing.

Indoor Environmental Quality: This pertains to the permissible thresholds for Indoor

Air Quality, Thermal, Visual, and Acoustic Comforts. It can also refer to the quality of

building's environment as it relates to the productivity and well-being of its residents.

Lighting/Visual: It is the deliberate use of light to achieve practical and aesthetic effects.

Lighting comprised the use of both natural illumination through capturing of daylight

together with artificial light sources.
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Productivity: It is described as a measure of how efficiently a person/worker completes a

job. It is commonly measured in output per worker or output per worker per hour.

Sustainability: It is defined as the practice and ability to maintain healthy and

comfortable indoor environments in the strategies to minimize environmental impacts,

enhancing wellbeing and ensuring economic viability in the course of meeting the present

needs without compromising the future ability to meet its needs.

Thermal Comfort: It is a mindset condition that articulates sensory and stress-free

pleasure with the thermal situation of the environment or a comfortable condition where

an occupant is neither feeling too hot nor too cold, subjectively assessed by the users of

the building.

Well-being: This is a positive and fulfilling state of being that encompasses physical

aspects of an individual’s life. It involves experiencing pleasure, satisfaction and

happiness, as well as having a sense of purpose, meaning, and connection to others.

Furthermore, it is not just the absence of illness or stress but a dynamic and ongoing

process of growth, development and flourishing.
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Chapter Two

Literature Review

This chapter is structured into sections to include the conceptual review of dependent and

independent variables, theoretical review of related theories and review of empirical

studies of related works. Similarly, due attention is given to conceptual model showing

the affiliation between the independent & dependent variables and finalize with the

summary of gaps in the reviewed literature.

2.1 Conceptual Review

2.1.1 Indoor Environmental Quality

Indoor environmental quality (IEQ) is defined as the environmental quality of a building

in relation to the health, well-being, learning, satisfaction, motivation, productivity and

performance of its occupants within the space1. Healthy buildings with quality indoor

environment lead to happier inhabitants2. Approximately 90% of the occupants’ periods

are spent indoors, such as hostels, domestic homes, offices, schools, among others3. The

satisfaction, learning, wellbeing, health and productivity of residents are therefore greatly

impacted by the interior environment4. Several studies showed that the improvement in

IEQ positively affects occupants’ wellbeing, health, mood, showing increasing awareness

with respect to IEQ and its infuence on the satisfaction, motivation, learning, productivity

and performance of occupants. For instance, it was established that IEQ improvement

could cause rise in the mood, productivity and performance by 4.8% and diminish sick

leave days5.

In a similar study, it was found as well that improved IEQ led to decrease in absenteeism

which may be as an outcome of respiratory allergies, depression, asthma and stress. It

leads also to effective working hours and self-reported improvements in wellbeing,

learning performance and productivity6.
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However, if indoor environmental quality were the same, occupants can have different

perceptions, leading to different subjective responses7. It was also established that overall

comfort was affected not only by contentment with indoor environmental factors but also

by having control over the indoor setting, the amount of privacy, office layout, decoration,

and cleanliness8. Therefore, to improve comfort with indoor conditions, people need to

control the indoor climate through behaviours such as the opening of windows, air-

conditioning, and the control of temperature, lighting, and solar shading7. As a result, IEQ

had a great influence on the energy consumption of any building. Poor indoor

environments could cause dizziness, throat irritations, and other health problems, which

could lead to decreased occupant satisfaction, motivation, wellbeing, learning

performance, and productivity in return9. Poor indoor environmental quality may be a risk

for occupants’ wellbeing. Consequently, unhealthy buildings have been associated with

the high occurrence of sick building syndrome symptoms like headaches, dry eyes or

throat, itchy eyes, sneezing, blocked and stuffy nose, runny nose, and dry or irritated

skin10. Furthermore, it was noted that, there was a relationship between poor IEQ

conditions and sick building syndrome (SBS), and between good IEQ and improved

wellbeing, health, learning motivation, satisfaction, productivity and performance11. Poor

indoor environmental quality (IEQ) mostly harms vulnerable inhabitants groups such as

school children12.

School buildings such as hostels required more consideration regarding IEQ matters

compared to other structures13. Over the last decades, several researches were conducted

in school buildings to investigate the effects of IEQ, especially in developed countries. It

was reported that satisfactory IEQ in school buildings played an essential role in the

health, satisfaction, motivation and learning performance of students and school

workers12, 8. It was expanciated that, the main concerns of environmental problems for
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schools were high concentrations of carbon dioxide (CO2), insufficient/poor daylight,

uncomfortable thermal conditions, and acoustic discomfort12. Also, a high frequency of

sick building symptoms in school premises were observed and found that a negative

association exists between the temperature, humidity, and CO2 levels in the school14.

Furthermore, an unacceptable environmental condition in building indoors were due to

poor ventilation, noise, or lighting that affected the comfort, wellbeing, satisfaction, mood,

productivity, health and learning performance of occupants8. Moreover, different studies

assessing the relationships of various health outcomes among occupants with indoor

environmental factors reported that poor indoor environmental quality in the building

indoor might result in illness, leading to absenteeism at work, adverse health symptoms,

and decreased motivation, satisfaction, learning and productivity.

Indoor environmental quality (IEQ) includes many parameters such as thermal comfort,

indoor air quality, ventilation rates, acoustics, ergonomics, and visual comfort that may

have an impact on occupants within the building. The four major indoor environmental

quality parameters in buildings are thermal Comfort (TC), Indoor Air Quality (IAQ),

Acoustic Comfort (AC), and Visual Comfort (VC)15.

2.1.2 Parameters/Components of Indoor Environmental Quality (IEQ)

Providing a good indoor environment is vital for the success of building design, not only

because it seeks occupant comfort, but also because it has a substantial effect on health,

wellbeing, motivation, satisfaction, productivity, and learning performance. Today's

standards that define acceptable indoor environments should address all these factors16.

The indoor environment can be characterized as active interactions of spatial, social, and

physical variables that affect wellbeing, productivity, satisfaction, mood, learning

performance, health, and comfort17. The comfort condition in an environment is

determined by the interplay of physical interactions with physiological, psychological,
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social, and cultural rights; these factors are influenced by the architecture, clothing, food,

and climate18. Therefore, the evaluation of Indoor Environmental Quality does not depend

only on the human body's physiological and psychological responses, but also on the

physical parameters of the environment (i.e. thermal, indoor air quality, acoustics, and

lighting).

The human body, through its physiological systems, will respond to the diverse

environmental variables through a lively interaction, which can result in successful or

unsuccessful response to the outside world. Unsuccessful responses can result in the

occupant's death owing to situations that exceed the survivable limitations. As a result,

measuring variables of indoor environmental quality (IEQ) has emerged as the primary

method for promoting building occupant health, wellbeing, satisfaction, motivation to

learning, productivity and performance19,20. The identification and application of these

parameter/indicators have taken diverse dimensions in different researches. The IEQ

components in a building includes acoustic, lighting, thermal comfort and air quality, as

well as other elements like environmental safety, health, and building configuration16. In a

Malaysian study of IEQ in hospital buildings and its effect on the comfort and wellbeing

of occupants, 15 criteria and 37 variables were identified as indicators, while other studies

found 9 key physical factors21, 22. Nonetheless, most IEQ research in buildings have relied

solely on thermal, acoustic, lighting, and indoor air quality as the primary criteria in

assessing IEQ occupants' wellbeing, health, satisfaction, mood and performance23, 24. This

primary criteria thus presents a detailed theoretical evaluation of studies that investigated

how indoor environmental quality variables influence the students’ wellbeing in the

dormitories in this study.
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2.1.2.1 Thermal Comfort

Thermal comfort is the state of mind that expresses the satisfaction level of the building

users with thermal environments in the building indoor. It is also described to be achieved

through subjective assessment of 80% thermal acceptability25. Thermal comfort has been

linked to building users' pleasure, wellbeing, satisfaction, mood/motivation, productivity,

and performance in an indoor thermal environment. Therefore, three ways to measure

human responses to comfort are thermal sensation, thermal acceptability, and thermal

preferences26. The perception of a building occupant regarding thermal ambiences is the

user’s thermal sensation. The level to which a building occupant accepts thermal

environments is thermal acceptability while the ideal thermal environment according to

the building occupant is the occupant’s thermal preference. Thermal comfort is a

subjective condition, whereas thermal feeling is an objective state defined as the direction

and intensity of a person's sensual feeling of their indoor environment. Thermal sensation

is presented on a 7-point scale: Cold (-1), Cool (-2), Slightly Cool (-1), Neutral (0),

Slightly Warm (+1), Warm (+2) and Hot (+3)27, 28.

There are six parameters that influence thermal comfort. Four of the six parameters that

determine thermal comfort are environmental (mean radiant temperature, relative

humidity, dry bulb temperature, and air speed) while two are personal parameters, notably

metabolic rate and clothing29. Today, the four localized factors that are further considered

in the thermal comfort assessment are: vertical air temperature difference, radiant

temperature asymmetry, floor temperature and drafts30. Other factors influencing users'

perception of thermal feeling include gender, age, race, individual condition, geographic

location, cultural effect, nature of job, and climate31.

Studies highlighted the relationship between ventilation and thermal comfort in a

naturally ventilated school building that, most of the users chose an opened window to
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allow-in fresh air and escape excess heat in the spaces from the open window31.

Furthermore, a study investigated the effects of thermal environment on teaching and

distraction in a naturally ventilated classroom found that unacceptable thermal

environments reduce the occupants’ wellbeing, motivation, satisfaction, learning,

performance and health32. However, other studies revealed that having physically warmth

can raise the favorable sensations of occupants, potentially increasing the learning

performance31.

Thermal comfort is also dependent on the behavioral adjustment, physiological, and

psychological characteristics of the occupant14. There are multiple numbers of models,

indices, and charts in assessing thermal comfort, such as Predicted Mean Vote (PMV),

Resultant Temperature (RT), Effective Temperature(ET), Adaptive Model, Tropical

Summer Index (TSI), Heat Stress Index (HSI), Wet-Bulb Globe Temperature (WBGT),

Equatorial Comfort Index (ECI), Index of Thermal Stress (ITS), Wind Chill Equivalent

Temperature (WCET), Predicted 4 Hour Sweat Rate (P4SR), India Model for Adaptive

Comfort (IMAC), Percentage People Dissatisfied (PPD), Humidex, Standard Effective

Temperature (SET), Predicted Thermal Sensation (PTS), and the Givoni model, the

Mahoney model, and the Olgyay model. Two models are used globally to assess thermal

comfort. For example, in air-conditioned buildings, the Predicted Mean Vote and

Percentage People Dissatisfied (PMV/PPD) model given by Ole Fanger in 1970 is

commonly utilized, whereas the Adaptive model offered by Richard de Dear is used in

non-air-conditioned buildings14.

The Adaptive model is based on real-time field experiments, which show how occupants

adapt to the thermal conditions via moveable windows, clothes, sunshades, fans, and so

on. Comfort assessment is more precise in an adaptive approach because it takes

into account of adaptations during changes in the thermal environment as the human body
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attempts to maintain its temperature33. International Organization for Standardization

code ISO 7730 (2005) ISO 7730 (2005) is based on the PMV model. The PMV model has

the limitation of being a chamber-method-based study, which is incompatible with

natural human interaction with the environment. It forecasts a high level of dissatisfaction

due to a lack of personal, cultural, social, and environmental contexts. The Tropical

Summer Index (TSI) is a suggested index for determining thermal comfort levels, optimal

circumstances, and the range of thermally acceptable surroundings in warm-humid and

hot-dry climates34. The Standard Effective Temperature (SET) model, often known as the

Pierce 2-node model, was developed to characterize the human response to thermal

surroundings30. The calculation for this model is similar to the PMV model, with the

primary difference being that it takes into account human physiology when evaluating

skin wetness and temperature. ASHRAE accepted this model in 1996.

However, later research using experimental data revealed that this model underestimates

skin wetness while overestimating skin temperature. Occupants living in naturally

ventilated buildings enjoy a greater range of comfort temperature than those living in air-

conditioned structures. When applying the PMV model in warm and cold environments,

the occupants' thermal comfort is over-estimated and under-estimated, respectively. As a

result, it was discovered that Fanger's PMV-PPD (Predicted Mean Vote and Predicted

Percentage Dissatisfied) adaptive theory model cannot be used to predict indoor climate

in naturally ventilated buildings because it fails to accurately predict comfort conditions

and over-estimates occupant comfort and dissatisfaction levels35, 36.

Furthermore, the adaptive approach is based on global field studies comparing indoor

comfort temperature to outdoor temperature, resulting in 80% and 90% satisfaction zones.

Fanger's Predicted proportion of Dissatisfied (PPD) model provides an equation for
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calculating the proportion of dissatisfied, similar to PMV. Over 80% of respondents were

satisfied with the PPD model's outcome37. Draught sensation is caused by increased air

flow rate and can have either a good or negative impact on thermal comfort depending on

the conditions. Draught sensation in normal conditions can induce localized thermal

discontent when influenced by increased air velocity, although it increases comfort in

heated situations. The draft model was incorporated in ISO 7730 (2005) and ASHRAE 55

(2010). The draught rating is the percentage of persons that are dissatisfied with the air

velocity. Nonetheless, an analytical model for calculating thermal comfort in buildings

with centrally controlled HVAC systems was developed. The study used the room's

physical factors (air temperature, air flow rate, relative air humidity, globe temperature)

along with human variables (level of dressing, activity) to determine the expected mean

vote, known as the PMV index36. The PMV index is also used for determining the

percentage of dissatisfied occupants, or the PPD index, which measures occupants'

dissatisfaction rate with room the conditions (too cold / too hot) on a scale of +3, +2, -3, -

2 based on the use of Heat balance method and human physiology factors39.

Few studies have found that a lack of control over the temperature of the environment

leads to greater absenteeism, thus reduces performance, productivity, satisfaction and

achievement. Increased controls can improve thermal comfort, however, several research

revealed that access to such controls does not increase or diminish thermal comfort40, 41. A

field investigation of 900 subjects in naturally ventilated classrooms in Bangladesh

revealed that, students are more adaptable in their behaviour and may readily modify their

comfort by opening windows, turning on fans, and adjusting garment levels42. The

evaluation of thermal environmental conditions and thermal perception at naturally

ventilated dormitories of undergraduate students in composite climate revealed that the

students were dissatisfied with the hostels' current environmental conditions. However, to
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restore comfort, they favoured bathing, using a fan/changing the fan speed, wearing thick

clothing, and opening windows and doors43.

Furthermore, during hot periods in a warm-humid climate, the indoor temperature range

of the students' lodging exceeded the comfort zone of ASHRAE standard 55. The

respondents' adaptive control preferences include opening windows, wearing light

clothing, and using electric fans44. However, the desire for sustainable thermal comfort

cannot be met solely through mechanical ventilation, as natural ventilation is insufficient

to ensure appropriate thermal comfort levels for hostel occupants45. In the research

study of adaptive thermal comfort in naturally ventilated dormitory structures, it was

discovered that the external temperature is rather high, which has a significant influence

on the increase in indoor thermal conditions. The adaptive thermal behaviours of garment

adjustment and increased air velocity were found to be strongly related to indoor

temperature46. As a result, occupants of naturally ventilated hostels use windows and fans

to preserve thermal comfort at higher indoor temperatures through increase in air velocity.

In a thermal comfort adaptation research study conducted in Malasyian naturally

ventilated students' residential colleges; there is an association between low ventilation

flow and indoor thermal comfort level47. This suggested that insufficient ventilation flow

was influencing the level of discomfort experienced by hostel inmates. As a result of the

amount of heat stress in the dormitory, students are more likely to adjust their behaviour

in favour of using a mechanical ventilation system and wearing thinner and more

comfortable clothing materials, which will help them reduce heat discomfort throughout

the periods of the day. Simulations conducted in student hostels revealed that the indoor

thermal environment of the dormitory is extremely unsatisfactory, and students' ability to

control the indoor environmental quality of their rooms is a significant factor in
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determining dormitory comfort and wellbeing 48. To restore comfort within the hostel's

room, the primary adaptive action was found to be turning on the fans, followed by

opening external doors and windows48. In addition, a follow-up field study on occupant

thermal comfort and preferences in naturally ventilated multi-story hostel buildings over

two seasons revealed that the inhabitants were primarily thermally dissatisfied with the

existing thermal environments49. The students' adaptive behaviour includes using ceiling

fans and natural ventilation through opening windows and doors for maintaining thermal

comfort.

2.1.2.2 Indoor Air Quality

This is regarded as one of the most essential indoor components. However, it is

challenging for building occupants to recognize Indoor Air Quality (IAQ) problems in the

indoor environment due to its coupled behaviour with multiple variables and dynamic

interaction with other components50. In the research study of workplace conditions, it was

discovered that the majority of the articles detailed reactive measures regarding IAQ,

while just a few studies discussed building construction and design to improve IAQ51. In

addition to indoor sources, outdoor pollution has an impact on indoor air quality. Sick

building syndrome (SBS) (which, with time, can progress to building-related illness, BRI)

effects on occupants are produced by inadequate IAQ, which has the potential to harm

occupants' wellbeing, health, satisfaction, mood and performance. Inadequate ventilation

and poor indoor air quality in buildings can lead to sickness and absence, negatively

impacting SBS31.

A research of indoor air quality, thermal comfort, and their effects on students’ wellbeing

and performance found that higher respiratory disease and asthma are caused by a rise in

indoor humidity and organic pollutants52, 53. The research studied how modern design



23

options, such as underfloor air diffusers and displacement ventilation, affect indoor air

pollution in schools. However, identifying sources of pollution, such as flooring, paint,

and classroom equipment, is crucial for improving indoor air quality. These sources have

a significant negative impact on students' wellbeing and health thus, raise the risk of

respiratory illnesses and asthma52. As a result, removing carpets from indoor spaces can

improve students' wellbeing, health, satisfaction and triggers performance by potentially

reducing the level of physical contaminants. Removing carpets from indoor spaces also

improves indoor air quality, reduces headaches, dizziness, and symptoms of SBS, and

improves wellbeing, satisfaction, mood and performance. After the carpet is removed,

self-assessment revealed that fewer headache incidents are related to improved learning

performance.

Indoor air quality represents a combination of outdoor pollutants commonly associated

with vehicular traffic and industrial activities, which can penetrate indoors by infiltrations

and/or through natural and mechanical ventilation systems, along with indoor

contaminants, which originate inside the building, from combustion sources (such as

burning fuels, coal, and wood; tobacco products; and candles), emissions from building

materials and furnishings, central heating and cooling systems, humidification devices,

moisture processes, electronic equipment, household cleaning products, pets, and building

occupant behavior (such as smoking, painting, etc.)54.

Chemicals such as gases (e.g., carbon monoxide, ozone, and radon), volatile organic

compounds (VOCs), particulate matter (PM) and fibers, organic and inorganic pollutants,

and biological particles such as bacteria, fungi, and pollen can all have an impact on

IAQ55. In Mediterranean climate, test surface loading caused by organic pollutants in

carpets in 80 classrooms was investigated, and it was discovered that 30% of the analyzed
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classrooms had an unsatisfactory level of insect and fungal allergens53. In a comparison of

tiled and carpeted classrooms, the former had a higher concentration of aerosol particulate

matter, while the latter had a contaminated sink and high surface loading52. In a

comparable study in New York State, the majority of the participants agreed that the

building's indoor air quality were unsatisfactory. Approximately 40% of residents

reported a loss in performance or ptoductivity with at least one health symptom such as

headaches, allergies, and throat irritation, with dust, mold, paint smells, and other indoor

pollutants being the main causes56. As a result, when air conditioning is employed,

occupants feel more concentrated and comfortable, and the performance of air-

conditioned space users improves from 5 to 15%57.

During the summer, residents are uncomfortable if humidity is not controlled. Humidity

regulation is critical for providing an ideal comfortable environment and improving IAQ.

Cross-ventilation is primarily responsible for maintaining the indoor environment in

naturally ventilated (NV) structures. Air enters through doors, windows, and gaps, and

new air fills the room volume while stale air leaves through the opposite side openings (if

any). Ventilation flow rates less than 0.152m/s are referred to as "still air"; which is

detrimental since the impurities remain suspended in the air and occupants inhaled them,

which can be harmful to the occupants' wellbeing, health, causing

discomfort/dissatifaction, decline motivation, low productivity and performance58.

In another dimension, during a controlled investigation in a test laboratory, it was

discovered that the participants had greater skin temperatures when windows were closed,

and that subjects drank more water during that moment, probably due to increased indoor

air pollution59. To minimize poor indoor air quality, glare, and overheating later, planners

must consider building orientation, shading design, devices, and window position and size
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throughout the design stage60. As a result, temperature and ventilation conditions under

the direct control of building occupiers lead to fewer health problems, better performance,

wellbeing and satisfaction by up to 6.5%, and lower absence rates. Consequently, more

than 900 distinct organic compounds have been found in indoor air at varying amounts,

causing a variety of health effects on inhabitants. Each of these pollutants has numerous

sources in indoor spaces, as well as different concentrations that are dictated by the

space's spatial qualities. These sources include indoor finishing materials, furniture,

disinfectants, domestic equipment, and activities carried out in the space61. This shows

that the quality of indoor air as compared to specified requirements may vary across

different types of buildings and climatic locations, and that these variances may be

significant enough to produce significantly varying health, satisfaction, mood,

productivity, and performance results in occupants.

2.1.2.3 Visual/Lighting

Lighting is an essential indoor environmental component of every building. Designers are

responsible for selecting acceptable lighting types and layouts with adequate dimensions

to provide an optimal lighting environment. Lighting dimensions to consider in buildings

include lighting level (illumination and lamination), light transmission and uniformity,

and glare control62. Conventional building designs are evolving in response to their

environmental conditions by manipulating daylighting to boost indoor illumination levels

and occupant visual comfort. However, architects must be mindful of defects in

daylighting devices that might cause visual discomfort, obstruct vision, increase energy

demands, and increase indoor heat gain63.

In a post-occupancy review of a student hostel in Hong Kong, the student occupants

ranked lighting as the third most expected components of indoor environmental quality

when compared to the other aspects56. However, as compared to other IEQ elements,
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student occupants are mostly satisfied with the illumination in their hostel rooms. As a

result, hostel rooms must be fitted with adequate lighting dimensions. Receiving optimal

daylighting quality in conjunction with appropriate artificial lighting dimensions is

critical in any building space.

Furthermore, a room with no daylight may impair the building occupant's concentration

in doing activities or reduce their work performance, wellbeing, satisfaction and good

mood. Inadequate or excessive lighting levels can cause dry eyes, ocular discomfort,

allergic reactions, and headaches64. Furthermore, lighting has a considerable impact on

the psychological and physical health of building residents, as any visual discomfort, such

as weariness, dizziness, headache, and migraine, can be produced by excessive brightness

for highly sensitive people62. The fluorescent light releases a significant amount of ultra-

violet (UV) light, which can cause a variety of eye-related health difficulties in extremely

sensitive people, including UV-light-induced eye disease65. This has a negative impact on

the health, wellbeing, comfort, and pleasure of the residents, motivation, as well as their

productivity and performance.

On the plus side, appropriate lighting conditions can improve building occupants' vision

comfort, attitude and emotion, and focus88. In addition, ambient lighting situations may

alleviate seasonal anxiety and depression64. It may also improve occupant morale,

satisfaction, wellbeing, job quality, and productivity67. Also a good lighting

ambience improves comfort since it allows for optimal job visibility and reduces eye

strain. Visual/lighting comfort is critical to motivation, satisfaction, performance,

productivity, wellbeing and health68. It is also a subjective feeling of visual well-being

caused by the lighting environment31. Daylighting promotes occupant mood &

productivity, reduces stress, and improves the wellbeing and health of the space users. It
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relates with a building occupant's satisfied attitude, minor eye stain, decreased fatigue,

and less errors and flaws in task31. There are two types of natural daylighting: side

lighting (window opening) and skylights (or any other aperture in the building roof

utilized for top lighting69.

In order to produce a better lighting design, six components were aligned to cover most

areas of lighting design, including the incorporation of artificial lighting and natural

daylight, so establishing the building's standard maintained illuminance of 300 lux70.

Similarly, an Android app is being developed for mixing natural daylight with artificial

lighting to improve the energy efficiency of residential and commercial buildings during

the day under all sky conditions in the United Kingdom. Lightings physical environment

has been shown to have an impact on wellbeing, satisfaction, motivation, comfort, and

performance31. It was discovered that varied perceptions of illumination emerged: some

believed that illuminance, colour, and lighting had no effect on them, whereas others said

that these aspects had a direct impact on their mood10. As a result, variations in mood

have a significant impact on the performance of such users. Inadequate lighting can cause

a variety of mental and physical impacts, giving the building a low quality impression.

Accordingly, the examination of lighting impacts in classrooms revealed that classrooms

must be built to accommodate all conceivable activities at all levels in order to improve

psychological benefits10. It was suggested that the illumination level, lighting spectral

distribution, and design could influence wellbeing, satisfaction and mood, hence, building

user performance70. Furthermore, bright colours and powerful lighting can improve

building occupants' comfort and happiness71. In experiments, good lighting control and

bright lights have been shown to improve occupants' health, mood, wellbeing, satisfaction

and performance72. As a consequence, classroom illumination is critical for fostering
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positive attitudes in both students and teachers, rather than simply focusing light on

certain portions of the classroom73. A study on the effects of daylight and curtains on

lighting in European offices found that employees who can readily adjust natural daylight

are more satisfied with good motivation than those workers who cannot. However, the

illuminance level is not adequately controlled in respect to the outside lighting level39.

Thus, window orientation is critical, as well as natural daylight control strategies74. The

southern part of the building gets more direct sunlight than the northern part. Therefore,

to alleviate the glare concerns associated with direct sunlight, southern façade windows

require shading devices and more curtains than the northern sides of a building75.

Similarly, increased or excessive glazing in building façades, as well as poor design,

increases glare problems, necessitating the addition of more blinds and shading devices.

This reduces natural daylight indoors and gradually elevates the need of artificial light,

resulting in excessive energy consumption and higher carbon dioxide emissions76. In a

study conducted to develop an Android software which incorporates daylight and

artificial illumination to enhance building energy efficiency during the day in all climates

in India. Natural daylight is preferred over artificial light by building inhabitants due to its

stress-reduction, wellbeing and health benefits. Thus, good inclusion of both natural and

artificial lights can maximize the building inhabitants’ wellbeing, mood, satisfaction,

performance and productivity by up to 15% and 20 - 26%, respectively77. Also, while

determining the energy-saving potential of daylight, the results revealed an 11% - 86%

decrease in electricity consumption for lighting78. While solar heat gain and daylight glare

have negative effects, dynamic lighting and outdoor views have a positive impact on

building residents79.
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In the correlation between natural daylight and building users' performance in schools’

buildings, the daylighting influences motivation to learning outcomes, health, wellbeing,

satisfaction and thus users’ productivity80. When teachers and students can readily modify

their lighting environment, they felt that a more regulated, appropriate level of lighting

helps them do better80. As a result, for optimal learning outcomes, the entire indoor must

have controlled with adequate natural daylight as well as sufficient artificial illumination.

Lack of lighting design and control induces symptoms such as eye strain, headaches,

fever, and muscular pain31. Visuals can have a significant impact on pupils' health,

wellbeing, satisfaction, motivation to learning and performance in school. It was stressed

that visual impairment is a significant predictor of wellbeing, satisfaction, learning

motivation and performance81. A series of studies on various grades of primary school in

Australia showed that greater visual information processing leads to improved learning

performance82. Hence, visual performance is a fundamental idea in learning83.

2.1.2.4 Acoustic

Acoustic comfort refers to a building's ability to provide safety measures or safeguards to

its residents from surrounding noise disturbances while also providing a better acoustic

environment in which they may converse without exerting additional effort. Typically,

building occupants have little control over indoor acoustic conditions and sources. People

who live in noisy surroundings may experience stress, hypertension, sleep difficulties,

irritability, earaches, and other symptoms, as well as becoming more irritated and speak

loudly due to their exposure to shouting84. Age and receiver conditions also influence

hearing and consequently alter occupant perceptions of their surroundings85. In a research

conducted in German, low-income occupants are more likely to experience acoustic

discomfort than high-income occupants86. When exposed to noises on a constant basis,

occupants may experience concentration problems and other mental health issues.
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Acoustic comfort has a direct impact on inhabitants' health, wellbeing, motivation,

comfort, satisfaction, productivity, and performance87. Poor acoustics lead to worse

students’ performance, reduced concentration & worsens wellbeing, causing fatigue in

listeners, and poor conversation quality88, 89. As a result, users have a tough time

disregarding unpleasant sounds and background noises. An appropriate acoustic condition

can filter or prevent outdoor noise from entering the indoor environment. Noise sources

can come from both indoor and outdoor environments, and the distance from the source

of noise influences the amount of indoor noise90.

Research has focused on the impact of noise and poor acoustics on students and teachers

for over four decades. The study found that a poor acoustic environment had a negative

impact on teaching, learning, motivation and instructors' health91. Further study into

building acoustics showed that noise exposure can have an impact on inhabitants' health,

wellbeing, satisfaction, mood, performance and productivity56. Long-term exposure to

noise levels over the comfort zone might result in hearing difficulties or permanent

damage. Building occupants are bothered by noise levels that exceed their comfort

threshold, which can result in a long-term unpleasant acoustical environment that affects

their ability to hear92. Noise pollution also has an impact on building inhabitants'

psychological well-being by reducing personal motivation and efficiency when executing

a duty, resulting in decreased productivity93. Furthermore, noise pollution and excessive

noise can have an impact on people's psychosocial interactions, work performance, and

cause health issues such as high blood pressure and hearing loss for building occupants67.

Further research found that poor indoor acoustic conditions had a negative impact on

building inhabitants' communication and interaction abilities, hence lowering their

everyday work performance94. Acoustical control, particularly prolonged noise exposure,
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has been shown to impair cognitive functioning and damage pre-reading and reading

skills94. In relation to the study of student hostels as their primary purpose in providing

lodging to students in Malaysia's public universities, it is critical to provide students with

a quiet, serene, and restful environment, particularly at night56. Though, it is assumed that

all students will sleep between 11 p.m. and 7 a.m. the next day, but the reality is far from

it. Students' sleep hours vary by individual since they engaged in a variety of daily

activities, whether personal, curricular, or academic driven activities. As a result, it has

become essential and obligatory to manage noise and improve the acoustical conditions of

student hostel indoor spaces56. This noise pollution can be reduced and controlled by

implementing interior design methods such as spatial design, room form, sound-absorbing

materials, and the location of electrical appliances such as air-conditioning units67. The

study of occupancy comfort in a Malaysian multi-story students’ hostel aimed at

examining students' responses to the hostel's indoor acoustic comfort level (noiseless or

noisy) and their adaptive behavior was conducted. It was established that hostel

inhabitants can adapt to any noise level occuring in the indoor area as long as it is modest

and falls within their satisfactory and comfortable levels95.

2.1.3 Influence of IEQ on Sick Building Syndrome (SBS)

Acceptable and satisfactory indoor environmental quality (IEQ) is an essential factor for

the inhabitants to perform and be productive indoors, as it lowers sick building syndrome

(SBS) and minimizes short-term absenteeism96. However, building and health sciences

research has linked poor indoor conditions to the growth of SBS in buildings around the

world97. For example, recent research in China had found that a poor rate of ventilation is

to blame for the greater concentrations of formaldehyde and volatile organic compounds

in household homes98. It is also found accountable for financial losses in commercial

buildings in the United Kingdom and the United States of America due to large numbers
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of workers being affected with sick building syndrome. This lowers workers’ productivity

and wellbeing99.

In the same vein, previous research identified indoor air pollutants as important

contributors to Sick Building Syndrome symptoms in occupied spaces. Therefore,

establishing a suitable indoor environment could be a promising strategy of protecting

occupants from exposure to preventable illnesses such as sick building syndrome (SBS),

resulting in improved occupants’ wellbeing, satisfaction, moods, performance and

productivity100. Sick Building Syndrome (SBS) is an environmental phenomenon as

described by the World Health Organization (WHO) in the 1980s101. It is used to describe

situations in which building occupants experience a range of common symptoms that

cause them to feel unwell more frequently than expected, resulting in discomfort &

dissatisfaction with decreased motivation, productivity and performance that appear to be

linked to the time spent in a building, but with no specific identifiable illnesses102. Skin

irritation, eye irritation, upper respiratory symptoms, lower respiratory symptoms, and

general or non-specific symptoms are the five major groups of symptoms described by

the term SBS103.

Previous study has shown that temperature plays a major role in regulating body

conditions such as metabolism, oxygen consumption, and blood pressure. When the air

temperature in a room fails to meet health requirements, a person's body loses heat and

attempts to balance it with the ambient temperature via the evaporation process. When the

room temperature rises, the high temperature merges with the emitted body heat, making

the body feel uncomfortable. Conversely, if the room temperature is too low, the blood

vessels stiffen, limiting body movement29. Light was also identified as a risk factor for the

development of SBS in workers98. Poor illumination of light has been linked to symptoms
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such as eye discomfort, tiredness, and headaches. Other research indicates that

insufficient or incorrect lighting can cause eye fatigue. Persistent eye fatigue can cause

eye health issues and decreased motivation, wellbeing and learning performance97.

Furthermore, the study found that, humidity has a substantial association with SBS

symptoms among employees. High humidity can allow germs and fungi to proliferate,

resulting in skin disorders and respiratory difficulties. Low humidity, on the other hand,

can cause skin to dry out and wrinkle more easily, as well as chapped lips104. The most

suitable and healthy working environment is with a relative humidity of 40% - 50%.

These conditions additionally provide for a lower incidence of respiratory infections

along with faster flu recovery105. When the relative humidity exceeded 60%, symptoms

such as eye irritation, fatigue, and sneezing developed. Bacteria can grow in relative

humidity levels below 30% and above 60%, while viruses may grow in relative humidity

levels between 50% and 70%106. Bacteria, viruses, and other microbes can create health

issues by triggering the body's response to foreign matter.

Ventilation has an important role in the development of SBS symptoms. According to the

findings of a study, inadequate ventilation control was linked to an increased risk of SBS

in staff 107. Inadequate ventilation affects air distribution and the availability of fresh air.

The presence of ventilation is required to control the airflow rate. Airflow velocity

influences air movement and change in the room. The lower the airflow speed, the fewer

pollutants will move through the rooms, causing polluted air to settle in the ventilation

and be inhaled by the body108. In addition, the study found a substantial link between

noise and SBS complaints. Noise impairment was found to have a substantial link with

SBS complaints, with workers reporting the highest complaints about eye issues and
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general symptoms. As a result, excessive noise can create a sense of unease, as well as

hearing loss thereby decreased performance and productivity104.

2.1.4 Contributions of Indoor Environmental Quality Components on Wellbeing

Recent research has found that indoor environmental quality components have a wide

range of substantial effects on inhabitants' wellbeing, satisfaction, motivation,

productivity and performance in a variety of dimensions within the building107. These

were discussed as follows:

2.1.4.1 Thermal Condition

Thermal comfort has a substantial impact on the building occupants' health, satisfaction,

wellbeing, productivity, concentration, motivation and performance. Some research found

a link between workplace occupants' health, satisfaction and performance and their

thermal comfort109, 110. When an environment is changed to a preferred thermal state,

workers' satisfaction, mood, wellbeing, productivity and performance improved110.

However, workers' discomfort with thermal comfort may lead to decreased productivity109.

According to American Society of Heating, Refrigerating and Air-Conditioning Engineer

(ASHRAE), indoor relative humidity between 30-60% permits occupants to perform

properly111. To avoid mold formation, the Environmental Protection Agency (EPA)

recommends maintaining a constant indoor relative humidity. Most health impacts

become more severe as Relative Humidity values exceed 60% or fall below 40%112.

However, it is quite beneficial to control humidity in the building. Unfortunately, Heat,

Ventilation, and Air Conditioning (HVAC) systems are ineffective at managing space

humidity113. Relative humidity values less than 30% have a negative impact on

occupants’ wellbeing, performance, resulting in sick building syndrome. If the air is

excessively dry, it can cause respiratory difficulties as well as skin and eye irritation.

Building occupants may experience extraordinarily high or extremely low humidity,
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depending on the time of year, and both have been associated with detrimental health

effects, dissatisfaction, decline motivation, lower productivity and performance114. Low

relative humidity may cause dry and skin irritation, and mucosal membranes,

thereby stimulating viral infection115, 116. Relative humidity levels lesser than 50%

promote influenza virus propagation, whereas excessive dampness is responsible for

asthma aggravation, coughing, wheezing, bronchitis, and upper respiratory infections110.

Likewise, ten-year-old children were exposed to three distinct classroom temperatures of

20oC, 27oC, and 30oC during two hours, while another group of 11-12-year-old children

were equally exposed to 20oC in two classrooms and 30oC in another two classes both in

the morning and afternoon. The pupils completed mathematics and reading exercises to

determine their speed of work and number of errors. The children's performance was

significantly worse at higher temperatures of 27oC and 30oC compared to those at 20oC.

The children's reading speed decreased and they worked slower on numerical activities in

classes with greater temperatures. The detrimental effects of increasing classroom

temperatures were more pronounced in the afternoon than in the morning, which is

assumed to be linked to fatigue117, 118.

In a related study of classroom in Danish, temperature was gradually reduced from 25°C

to 20°C. Children aged 10 to 12 were given mathematics and reading tasks to test their

speed and accuracy. As temperatures dropped from 25oC to 20oC, children's average task

performance increased by about 2% for every 18oC drop in temperature117, 118. However,

variations in temperature had no detectable effect on the amount of normalized errors.

Another study on the comfort of secondary school buildings in Cyprus compared reported

learning performance in air-conditioned and fan-assisted naturally ventilated conditions.

The study discovered that students with uncomfortable thermal sensations reported lower
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perceived learning performance in fan-assisted naturally ventilated rooms than in air-

conditioned environments119.

Many studies have looked into the temperature range that correlates with enhanced

learning. It was reported that the best temperature range for learning is between 22oC and

25oC119, 120. The investigation on the effects of temperature on student learning indicated

that male undergraduates fared best in a word association test in a classroom with a

temperature of 22°C. They performed much worse when temperatures became extreme in

either direction118. These research concurred that increasing the temperature above 25oC

has a negative impact on students' learning, wellbeing, motivation, satisfaction and task

performance, whereas lower temperatures boost learning motivation, wellbeing,

satisfaction and performance. However, these investigations failed to prove whether very

low temperatures could impair learning performance.

2.1.4.2 Indoor Air Quality (IAQ)

Indoor air quality (IAQ) issues are associated with health symptoms akin to allergies or

colds. These health symptoms are frequently non-specific, rather than clearly recognized

illnesses121. Typically, building occupants diagnosed with sick building syndrome (SBS)

have such symptoms. SBS symptoms include eye, nose, and throat irritation, dryness of

mucous membranes and skin, nose-bleeds, skin rash, dry or itchy skin, difficulty

breathing or chest tightness, mental tiredness, headache, cough, hoarseness, wheezing,

nausea, and dizziness122. Sick building syndrome is an ailment characterized by

symptoms that appear while inside a certain building but disappear when leaving. The

symptoms may worsen or only arise in some zones or rooms.
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In a reported Swedish building study, it was discovered that general symptoms like

headache, cough, skin itching, dizziness etc were extremely prevalent at high

temperatures, and total air bacteria concentration was associated to ocular symptoms. It

was also discovered that there is a correlation between observed building dampness and

Sick Building Syndrome symptoms123. The prevalence of asthma and allergies among

building occupants, particularly in schools, has increased in the last decade124. Besides the

home, school is the most important indoor environment for students125. This is highly

remarkable due to the fact that individuals with asthma or allergies may be more

susceptible to indoor air contaminants126. Children may be more susceptible to indoor air

pollution than adults. This is related to the increased amount of air inhaled by youngsters

relative to their body weight, which results in a higher percentage of pollutant uptake per

body weight127.

All of the investigations in the literature discovered a link between health, satisfaction,

wellbeing, mood, productivity and performance. The most significant findings were

allergens, asthma, colds and coughs, respiratory infections, nasal patency, and other SBS

symptoms. Several studies have linked mold allergies to the presence of molds in the air

as well as pollutants in settled dust53. It also links coughs and colds to moisture-damaged

buildings5. Higher amounts of live bacteria and mold increased the likelihood of

respiratory infection53. Rooms with high amounts of formaldehyde, nitrogen dioxide, and

Aspergillum spp. lessened nasal patency (the condition of the nose not being blocked or

obstructed53. The findings showed that allergy, asthma, hay fever, and eczema are the

most common health issues related with perceived poor indoor quality. Air quality,

cleanliness levels, dust, shifting room temperatures, smoking, and foul odours have a

greater impact on allergic students than non-allergic ones128. Lower ventilation rates are

associated with deterioration of one or more health or comfort outcomes129. According to
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the research, increasing ventilation rates are associated with a lower incidence levels of

SBS, and SBS symptoms have been observed to diminish (reduce CO2) with improved

comfort, wellbeing, satisfaction, mood and performance or productivity130.

According to ASHRAE 62.1 and 62.2, uncomfortable environment caused by the poor

indoor air quality can affect occupants, resulting in symptoms such as sneezing, eye

irritation, or yawning. However, excellent IAQ have been linked to optimal rate of

ventilation131. Thus, it was recognized that human beings are not the exclusive source of

pollutants/contaminants in the indoor/environments but poor indoor air quality132. Indoor

air pollution in the workplace, home, or school can cause inflammatory or allergic

responses, thereby affecting endocrine function and causing occupants’ discomfort in the

spaces 133.

In Denmark, an intervention experiment found that increasing classroom ventilation rates

improved students’ satisfaction, wellbeing, comfort and learning performance. Another

study to measure IEQ in a National School Property Portfolio in Wellington indicated that

increasing the outdoor air supply rate from 5.2 to 9.6 m/s per person caused an increase in

the rate of indoor ventilation thus promoting the students' test performance118. This

showed that air temperature, humidity, and air flow are essential variables in determining

IAQ in a building (relative humidity affects air temperature, while indoor air, outdoor

humidity and surface temperatures, all influencing moisture accumulation within a

building envelope). A study in Sweden compared a naturally ventilated primary school to

a mechanically ventilated school thus, discovered a high level of indoor contaminants in

the air of a mechanically ventilated school (respirable dust, bacteria, mould, and VOCs)

caused by insufficient outdoor air supply, which was 2-8 times higher in the naturally

ventilated school134. This otherwise stated that naturally ventilated classrooms required an
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appropriate flow of outdoor air134. Insufficient outdoor air supply may result in air

pollutants within the indoor environment, which may cause health problems and

negatively impact satisfaction, comfort, learning motivation and performance.

In a study conducted in England to investigate the effects of classroom ventilation on

pupil performance and learning, the results revealed that greater ventilation rates of flow

had a more precise and faster response for word recognition, picture memory, colour

recognition, and choice reaction135. This study supports the assumption that greater

ventilation rates can improve comfort, wellbeing, satisfaction, motivation and

performance, which is best achieved in naturally ventilated classrooms with an

appropriate flow of outdoors air supply. In the identical manner as air movement, relative

humidity, and air temperature influence the overall condition of indoor air, however, the

amount of contaminants that may cause health problems can be used to assess excellent

air quality. Inorganic substances (carbon monoxide, sulfur dioxide, nitrogen oxides,

carbon dioxide, sand, and so on), organic compounds (urea, formaldehyde foam

insulation, and so on), particulate matter (sprays, mist, and dust, and so on), and

biological contaminants are the most common types of pollutants136. Particulate matter

can cause respiratory problems such as coughing, sneezing, dry eyes, throat, nose, and

skin irritation, as well as contact lens issues. Classrooms generally have a higher

concentration of particulate matter than offices because students engage in more indoor

activities and can readily carry particles on their shoes53. Biological pollutants can

actively thrive in classrooms that have poor IAQ10. Fungi also thrive in environments

with high humidity, water, or dampness. These contaminants become airborne, resulting

in ailments such as respiratory disorders, allergy and asthma attacks135. It was further

discovered that 83% of classrooms in the study region had bacteria quantities similar or

higher than those observed in water treatment plants118.
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Finally, a study conducted in Greece discovered that a 17% rise in indoor CO2

concentration reduces students’ learning, wellbeing, performance and satisfaction by

16%53. This finding revealed a negative association between students' achieved scores and

CO2 concentrations, as well as a positive correlation between their scores with ventilation

rates. According to the studies that have been published on the relationship between IAQ

and learning performance, poor air quality has a considerable impact on students’

wellbeing, satisfaction, learning motivation and performance. As a result, it was

demonstrated that IAQ problems in classrooms provide an additional health risk and

appear to be the primary IEQ variable that leads to health problems and lowers learning

performance118.

2.1.4.3 Acoustic/Noise

Acoustics is concerned with sound and how it influences the learning process. However,

noise refers to anything that obstructs the learning process. Noise destabilizes

understanding, writing, reading skills, and learning performance in the long run by

reducing concentration and relevance to the task137. As a component of IEQ, it was

determined that noise has a negative impact on both psychological and physical well-

being. From a large number of proven effects, the following negative outcomes were

accounted for, particularly in a noisy room: fatigue, resulting in decreased efficiency;

increased heart rate; loss of appetite; sleep deprivation, i.e. insomnia; headaches; tinnitus;

dyspepsia; and facial pallor137. During school hours, learners are exposed to a variety of

noises, ranging from environmental to classroom noises. It demonstrates that noise has a

negative impact on students’ learning motivation, satisfaction, wellbeing and performance

in school. Noise is a constant determinant of human performance138.

In a study to highlight some of the negative effects of working in a noisy workplace, with

a focus on youngsters, it was found that noise had an impact on residents' health as well
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as their wellbeing, satisfaction, mood, productivity and performance139. Apart from noise

produced by poorly maintained equipment, an important problem is an intrusive noise

from surrounding classrooms, reducing voice clarity, privacy, and causing dissatisfaction

and distraction among learners as well as teachers during lecture delivery, thereby having

a negative impact on student learning outcomes137. Students who frequently forget the

content of lectures due to poor indoor acoustics are more likely to perform poorly in

school. The noise level is another key consideration that has an acoustical impact on

pupils' learning performance. A subsequent study revealed that noise in the classroom

was a substantial cause of distraction and disruption for both teachers and students137.

Poor acoustic characteristics of educational buildings allow outdoor noises to be

transmitted into classroom, which is more probable to result in decreased students’

satisfaction, wellbeing, learning motivation, hence, performance140. Many studies

supported the concept that poor acoustic features in the classroom can produce a

detrimental learning environment for many learners. As an illustration, a research was

done to compare reading test performance of students in two schools using demographic

information. One of the schools under consideration was in a quiet neighborhood, while

the other was in the flight path of a major airport. The study indicated that students in the

fly path school were reportedly distracted, dissatisfied, less motivated and performed

poorer than those in the quiet neighbourhood school 118.

In Sweden, pre-recorded noises of airplanes, road traffic, trains, or speech have been

compared with quiet conditions in an experimental demonstration involving 12 to 14-

year-olds. The reading comprehension test revealed that pupils were scored much worse

when exposed to airplane or road traffic noise compared to quiet conditions. Noise from

trains141 wasn't interfering with reading comprehension. Noise levels in schools and

classrooms are a major problem for teachers. Another study discovered that instructors'
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beliefs are based on the reality that noise affects learning performance and creates more

discomfort, resulting in worse teacher efficiency than for students142. Poor acoustic

properties have the ability to impact the quality of teaching, learning and ultimately,

performance. Tutors proved to be more concerned about excessive noise levels because it

disrupts teaching communication, increases discomfort, and negatively affects students'

wellbeing and performance 118.

2.1.4.4 Visual/Daylighting

Lighting and colour are visual variables that have an impact on the learning performance

of the students'. Colour is a human visual recognition attribute that is defined by colour

classes and names. This colour perception results from the stimulation of cone cells in the

human eye by electromagnetic radiation in the light spectrum. Colour arrangements and

physical representations of colour are linked to objects through the wavelength of light

reflected from them. According to the Dictionary of Architecture and Building

Construction, it is the visual perception of rays, as well as the transmission and reflection

of light from one or more regions of the visible spectrum on the human eye137.

Colour is a form of visual stimulation in the design studio's physical environment,

implying that colour shares certain similarities with psychology in terms of arousal level.

When colour is perceived, it causes pleasure and activity. It has been shown that when a

person looks at a particular colour or imagines a colour, certain reactions occur in their

mind. Depending on the individual's age, different colours produce diverse stimulations in

the humans’ mind. The colour of the surrounding environment influenced performance on

other tasking assignments, such as the reading task. Further research revealed that

students performed poorly in both academic and psychological challenging tasks in

classrooms with red walls. To fully appreciate the colour of a space, some level of

sufficient light illumination is required.
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Lighting, among other factors that comprise the design of spaces, is a critical and

necessary factor in creating spaces within a building, particularly those for learning.

Nonetheless, there are several types of lighting, ranging from natural daylight to artificial

lighting. According to study, for lighting to be highly appropriate, day-lighting must be

supplemented with artificial lighting, such as electric bulbs that dim in response to

daylight level 159. Similarly, light illumination in a learning environment could only be

achieved through the use of both direct and indirect lighting137. Light is critical to the

overall well-being of those who utilize a physical facility for a considerable portion of

their day. Lighting is sometimes overlooked, yet it has an important part in improving

environments for functionality and wellness137. To improve productivity with lighting, it

emphasizes the necessity of smart lighting at educational facility workstations. Just as a

workstation pattern works best when it is integrated into the building structure,

developing and designing a lighting scheme that is linked to the space plan and functional

organization will result in improved lighting system and overall environmental

performance137. It concluded that the small parts of the users' workspace can have a

significant impact on the occupants' academic achievement.

When scores from tests of students were compared across daylight and non-daylight

schools, learners in daylight schools were satisfied, motivated and out-performed their

non-daylight counterparts by 5-14% 143. Similarly, a study found a link between high-

quality daylight and increased students’ satisfaction, wellbeing, motivation and

performance in classrooms. According to the data, students in classrooms with the

greatest daylight received 7 to 8% higher test scores than those in classes with the least144.

Furthermore, throughout the investigated school year, classrooms with greater amounts of

day-lighting had 26% faster learning performance in reading tests and 20% in

mathematics test scores than classes with the least amount of day-lighting145. Also, the
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effects of daylight in schools may benefit students directly by improving their mood or

indirectly by improving the mood of teachers. When interviewed, teachers reported that

windows and daylight increased their students' learning moods, wellbeing and satisfaction.

As a result, the positive effect of daylight on student educational performance improves

their attention to learning146.

A study was conducted to investigate the prospect of generalizing the Heschong Mahone

Group findings by replicating the methods in the Zealand setting. The study discovered a

link between daylight and improved student test scores and shown that the same process

could be replicated in another environment118. However, the study revealed that intense

sunlight penetration into classrooms could induce glare, which could negatively impact

students’ satisfaction, wellbeing, mood and performance. However, there is a strong link

between good quality daylighting and improved students’ wellbeing, satisfaction and

performance. Researchers found that daylighting has a good impact on students' learning

because it suppresses melatonin in the body. When classrooms receive ample and proper

daylight, the production of melatonin is declined, resulting in an increase in alertness,

concentration, wellbeing, satisfaction and attention that improve learning performance118.

2.1.5 Influence of IEQ on Occupants’ Wellbeing

Well-being is a state whereby an individual occupant realizes his or her own abilities, to

cope with the normal stresses of life, work productively, and is able to make a

contribution to his or her community147. People spent almost nine-tenth of their time in

the indoors and these indoor conditions have serious implication for the occupants’

general well-being148. Several elements such as high-rise living, damp, and noise

exposure of the physical environment are related to poor well-being149. It was also

claimed that a housing environment have physical, social and psychological attributes on

the residents’ wellbeing150. Environmental psychology of human behaviour in a physical



45

environment and architectural space not only has a great impact on creating a friendly and

lively environment, but also it can positively affect wellbeing, performance and energize

the occupants151.

In the study of health care facilities, it was observed that, the environmental

characteristics influencing wellbeing included thermal condition, indoor air quality, sound

and noise, premises and interior design (e.g. construction materials, viewing nature and

experiencing nature, windows versus no windows, light, colors, unit layout and placement

of the furniture, the type of room, possibilities to control environmental elements,

environmental complexity and sensory simulations, cleanliness, ergonomics and

accessibility, art) and Indoor environments that incorporate healing elements can reduce

anxiety, lower blood pressure, lessen pain and shorten hospital stays152.

Many studies have established a correlation between indoor environment, asthma and

allergies153, 154. In the United States, mold and dust are the predominant indoor allergens.

In a warm, humid condition, molds developed, produces liquids and gases that causes

allergic reactions. This caused 22.2 million people to experience asthma in the United

States in 2005. Designing indoor environments may increase or decrease indoor allergens.

Humid spaces, high-temperature, visible mold, mold odors and indoor contaminants can

foster a condition for growing irritants and allergens155. Performance of indoor

environmental quality (IEQ) affects the psychological health and wellbeing of inhabitants

comprised of symptoms like depression, anxiety and stress, thus affecting inhabitants'

confidence, strength and motivation 156, 157. Studies have shown that natural views

accessibility, enhanced ventilation and temperature in the working condition have a

positive influence on employees’ wellbeing, performance and productivity158.
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Furthermore, in classrooms with the highest daylight exposure, students ' cognitive skills

have improved up to 21 percent relative to students with the least daylight

penetration159,160. Thus, inhabitants living in good quality indoor environment are

physically and psychologically better than inhabitants dwelling in poor indoor

environment. It was revealed that, better Indoor Environmental Quality (IEQ) in United

States building costing in approximately 6-14 billion dollar per year. However, the

workforce saved 1-4 billion dollars from decreased allergies or asthma cases. Such

figures reflect improved occupants’ wellbeing by regulated ventilation and minimizing

issues pertaining to humidity161.

2.1.6 Influence of IEQ on Health

Health is a state of complete physical, mental, and social well-being and not merely the

absence of disease or infirmity162. In addition to physical and mental health, social

welfare is promoted as an integral component of overall health, because health is strongly

connected to the social environment, working and living conditions. Considering this

definition as a global concept, several researchers and theorists successively promoted the

adoption of working, practical, and operational interpretations of health. With the

endorsement of Health for All by the Year 2000 establshed by theWorld Health

Organization (WHO) Global Strategy in 1977, a pragmatic understanding of health (the

ability to conduct a socially and economically useful life) was indirectly acknowledged,

which was an important goal of the Strategy163.

Establishing health in functional and effective terms was critical for developing policies

and programs to maintain and improve health, and it much exceeded the popularly held

belief that health merely means the absence of disease. Moreover, health is generated in

the context of daily life and environment, where people live, love, work, and play164. Thus,

an active and interactive knowledge of health was established. The purpose of promoting
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health is to merge the approach for addressing the social determinants with the resolution

and commitment to inspire and promote people and their neighborhoods to take an active

approach to health and adopt healthy lifestyles165.

Within few decades ago, the WHO definition of health has been increasingly amended

and supplemented by the fourth dimension – spiritual health. Within the past few decades,

the World Health Organization's definition of health was gradually changed and

complemented with the fourth component-spiritual health. Thus, spiritual health includes

a sense of happiness and contentment with our own lives, a system of values, self-

confidence and self-esteem, self-awareness and presence, peacefulness and tranquility

with dynamic emotional balance, both internally and toward the surroundings, morality

and truthfulness, selflessness, positive emotions, compassion and willingness to aid and

encourage others, responsibility and commitment to the common good, and successful

handling of daily life difficulties and expectations, as well as social stress166.

Various researches revealed that discomfort has a lot of impacts on health of the

occupants. Therefore, when the temperature falls below 18oC, the potential effect on

health rises in severity. The body’s reaction to low temperatures results to thickening of

the blood, and hypertension and an upsurge risk of cardiovascular or cerebrovascular

events167, 168. Respiratory stress commences at about 16oC and cardiovascular stress when

the temperature falls below 12oC169. As the temperature falls, hypothermia (a drop in the

body’s core temperature), becomes a reality170. Also, low indoor temperatures are often

associated with other threats to health such as dampness and mould171. However, study

revealed a stronger connection between indoor temperature and blood pressure than with

outdoor temperature172. Exposure to low temperatures has a protracted health impact, with

the vast majority of fatalities caused by respiratory and cardiovascular diseases, heart



48

attacks, and strokes173. It was further known that an extremely low temperature is

attributed to birth abnormalities174.

In conclusion, exposure to high temperatures can cause a rise in the risk of heat stroke175

and health havocs such as respiratory, cardiovascular hospitalizations and deaths169. High

temperatures are strongly linked to a greater risk of still-births and shorter gestation176.

Unlike cold, the heat-related health effect can result relatively soon after exposure173.

These health impacts can vary either by region, community or can change over

time177, 178, 179.

2.1.7 Students’ Hostels

A student hostel is a low-cost, shared lodging facility for students. The hostel lodging

aims to keep students within the learning setting, facilitating easy access to academic

amenities180. It is also described as a dwelling or residence close to workplaces with dual

functions of living and private studying181. The student hostels encourage social

interactions among the students at all levels and enhances a lasting acquaintance182.

Hostel lodging allows heterogeneous students to gain knowledge from one another,

creating interpersonal relationships necessary for human development183. Through daily

interactions among the peers, the weak learning students improve their understanding

ability and become focused as hostel accommodation reduces unfriendly side attractions

to learning activity180. The hostel accommodations are intended to give not only learning

convenience, but also to improve students' behavioural habits required for social

interactions and leadership roles.

The provision of hostel rooms allows learners from many different backgrounds and

perspectives to interact together, improving their academic and behavioral attitudes184.

Students' accommodation affects their growth, behaviour, and cognitive performance185.

A study on the effects of Students' Housing on Academic Performance at the University
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of Ibadan in Nigeria found that hostel accommodation strengthens academic excellence,

particularly among students from low-income backgrounds, by blending this group of

students with the brilliant ones, improving students' social value through enhanced

interactions, exposing students to resource management, and preparing students for

independence and leadership resilience186.

A student hostel is also known as a dormitory-style housing where students can sleep and

relax after daily class review and casual interactions with their classmates. Its purpose is

similar to that of a bedroom in one's family home, but with a little difference. As a result,

it is critical that the accommodation provides adequate comfort for students to get a good

night's sleep and be energized for the next day's learning activities. It is crucial to

maintain students' comfort in the hostel room's indoor setting in order to promote sound

sleeping habits and enhances optimum wellness in preparation for classroom learning

activities. However, most countries, including Nigeria, continue to have ambiguous hostel

rooms due to a lack of regular monitoring studies. This is due to the fact that, climate and

humans in the building's indoor or outdoor environment have a reciprocal relationship. To

promote comfort, a tolerable indoor often has suitable climatic design considerations that

are consistent with the outdoor ambient conditions187. It is further reported that

dormitories in Nigeria, particularly in North-central Federal Universities, are not meeting

the needs of students due to the age of the hostel buildings and the annual rise in student

population. So, university hostels indoors are in poor condition due to congestion caused

by the student population180.

Though these hostels were conceptualized and designed with standards that met the needs

of the generation to which the universities belong, several unfolding technological

advancements in academics and the country have rendered the currently existing hostel
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lodging obsolete and insufficient for the student population. The living areas in these

hostels were originally planned for only four (4) users; nevertheless, this space now

accommodates many more students than the planned capacity. Due to this congestion,

many dormitories are no longer acceptable or satisfying to students by any standard180. As

a result, there is a need to provide modern and technical facilities in student hostels to

improve students' physical health and academic performance. The conducive learning

environment improves academic achievement by providing students with good and

comfortable living conditions on campuses188.

2.1.7.1 Typological Analysis of Students’ Hostels

The typological analysis is a process of reducing the various numbers of students’ halls of

residence to their basic principles of design and formal structures. This is the

morphological approach189. There are five types of students’ hall of residence based on

the typological analysis190. These are as follow:

2.1.7.1.1 Type A: This typology is structured in the form of a long singled-loading

horizontal access or corridor with about ten bedrooms or more served by end located

service cores. This type of hall comprises a series of separate linear structures linked at

ground level with only one averaged sized social unit per floor. In this typology, due to

the larger surface area to volume exposed to external climate, heat gain and loss may be

increased and likely prone to noise pollution. It also improves natural lighting and

ventilation as it exhibits a single-banked loading190.
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Figure

2.1: Hostel Typology A.

Source190

2.1.7.1.2 Type B: This is a form of students’ hostel with short-corridor hall types which

had about five bedrooms between the service-cores composed of a singled-loading on

horizontal access with three decentralized service cores. Furthermore, the hall is made up

of linear structures that are linked together at all levels to form a single, partially enclosed

building with three small-sized social units on each floor. In this type of typology, a

satisfactory natural lighting and ventilation are best enhanced with effective air

circulation due to a single banked and U-shaped geometry190.

Figure 2.2: Hostel Typology B.

Source190

2.1.7.1.3 Type C: It is a student residence constructed with a short double-loading on

horizontal access or corridor, a centrally placed service core, and distinct linear structures

linked at ground level only, with one large sized social unit on each floor. This typology
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exhibits a large surface area to volume exposed to external climate, hence increases heat

gain and loss in the interior and prone to noise pollution190.

Figure 2.3: Hostel Typology C.

Source190

2.1.7.1.4 Type D: This structure has the morphological characteristics of a short single-

loading horizontal corridor/access supplied by double end-located service cores, linked at

ground level only with a series of fully enclosed courtyard constructions and two average-

sized social apartments per floor. As this typology is a fully enclosed courtyard and

single-banked building, it enhances a better natural ventilation and lighting, reduces

temperature fluctuation and improves air circulation190.

Figure 2.4: Hostel Typology D.

Source190

2.1.7.1.5 Type E: It is a student hostel design with a long partial double-loading on

horizontal access/corridor, served by a single end-located service center and one average-

sized social unit per level. The typology exhibits a reduced moisture accumulation,
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reduced heat loss and gain due to a partial double loading on horizontal access corridor of

the typology190.

Figure 2.5: Hostel Typology E.

Source190

Figure 2. 6: Legends of the Hostel Typologies.

Source190

2.2 Theoretical Framework

Theoretical frameworks are blueprints or guidelines for inquiry based on existing theory

in a field of study and often represents research hypothesis. It consists of a combination of

theoretical principles, structures, concepts and theories. Theoretical frameworks thus

provides a theoretical basis for understanding, analyzing and designing methods for

studying problems, making research findings more meaningful and generalizable. To

better understand the indicators that determine the influence of Indoor Environmental

Quality (IEQ) on students’ wellbeing in hostel rooms for the purpose of indoor setting

improvement, it is important to reinforce this investigation on self-explanatory and

testable theories. Therefore, this study considers and identified Maslow’s Hierarchy of

Needs and Environmental Psychology theories.
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2.2.1 Sustainable Development Goals (SDGs) Theory

The term sustainable development began to be widely used in 1987, when the World

Commission on Environment and Development, also known as the Brundtland

Commission, introduced this concept. This concept addresses the interaction between the

environment and the promotion of development, ensuring current needs without

compromising future generations191. However, concerns about this issue date back to the

18th century, coinciding with the advent of the First Industrial Revolution, when the

increased use of machines to the detriment of human power demanded the use of fossil

fuels for energy, resulting in more significant green-house gas emissions and global

warming problems192. Today, construction is also a significant concern, as it contributes

significantly to society in terms of infrastructure and consumer products. Therefore,

projects in this field must incorporate sustainable practices to mitigate environmental

impacts193 and integrate social, economic and environmental issues into the development

process194. In this way, assessing the energy performance of buildings is of fundamental

importance when pursuing sustainable development191. For example, energy-inefficient

buildings that lack waste-sorting and water-reuse systems can lead to higher operating

costs195. In the same context, building cooling and ventilation strategies have undergone

notable transformations. Before the 1950s, ventilation and air-conditioning systems were

considered economically unviable, resulting in a greater prevalence of natural ventilation

to maintain thermal comfort in buildings, mainly due to the availability of windows that

provide access to fresh air and natural light191. However, with technological advances and

the growth of urban areas, architecture has evolved, resulting in the more widespread

adoption of mechanical cooling and ventilation systems. At the same time, operable

windows have been replaced by fully glazed structures with no possibility of opening,

rendering previous designs obsolete. Accordingly, the concept of bioclimatic architecture
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emerges, where the construction is planned in a way that is adapted to the local climate

and employs passive approaches to enhance the quality of the indoor environment, aiming

to minimize energy consumption to the maximum degree196. A bioclimatic project can

optimize the natural environment by utilizing renewable energy systems and clean energy,

reducing energy consumption for heating, cooling, and lighting and improving the quality

of life in urban areas197. In this regard, governments in different nations are exploring

methods to foster sustainability198, 199. For example, in the United States, investments have

been directed toward renovating green or energy-efficient homes, addressing social

inequalities and climate change, and promoting economic and infrastructural recovery191.

It was revealed that the contemporary challenge lies in balancing energy supply and

inhabitant comfort, requiring strategies that combine Indoor Environmental Quality (IEQ)

with energy consumption191.

In addition, there has been growing concern about sustainability in the built environment,

focusing on mitigating environmental impacts and promoting social benefits200, 201. This

concern has led to the popularization of the term “energy poverty”, especially to describe

the situation in which many families lack the material and social resources necessary to

provide adequate energy and indoor comfort to their members. This negatively impacts

their quality of life, as their heating needs are not met191. The influence of climate change

on buildings reinforces the need for approaches that expand energy efficiency and

sustainable development, incorporating renewable energy sources and conscious

consumption202. However, the pursuits of energy efficiency and occupant comfort are not

always aligned. Problems associated with energy consumption and IEQ in buildings have

been pointed out by several studies covering various aspects that influence people’s

satisfaction with the built environment, such as air quality, thermal comfort, acoustics,

lighting, furniture, maintenance, cleanliness, vibration, technology, aesthetics, appearance,
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privacy, and views, among others203, 204. These aspects will serve to investigate health and

productivity, thus making it possible to pay greater attention to sustainability research

along with the progress of the renewable energy sector, which presents numerous

technological innovations in both industry and research laboratories191, 205. It is worth

noting that adopting technologies does not always result in a decrease in energy

consumption.

Therefore, projects should increasingly consider the behaviors, needs, and preferences of

occupants to enhance the indoor environment of buildings206. From this perspective,

adopting technologies involves using new methods, systems, devices, or practices aimed

at improving performance, energy efficiency, sustainability, and other aspects related to

the quality and effectiveness of buildings. In this context, the Sustainable Development

Goals (SDGs), which were launched by the United Nations in 2015, play a key role in

setting goals to be achieved by 2030207, 208. Consisting of 17 goals, 169 targets and 231

indicators, the SDGs broadly cover economic, social, and environmental issues209, 210.

Responding to these ambitious goals, research exploring the relationship between Indoor

Environmental Quality (IEQ) and sustainable development is on the rise, in line with the

purposes of the SDGs211, 212. Therefore, the key Sustainable Development Goals (SDGs)

realted to Indoor Environmental Quality and wellbeing are:

SDG 3: Good Health and Wellbeing: This goal focused to ensure healthy lives and

enhance wellbeing for all at all ages. Thus, IEQ plays a significant role in maintaining

occupants’ hralth and wellbeing. IEQ components such as thermal comfort, Indoor Air

Quality, lighting and acoustics therefore contribute to overall wellbeing of the occupants.

SDG 4: Quality Education: This is to ensure inclusive and equitable quality education

and promote lifelong learning opportunities for all. Therefore, comfortable and healthy
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environments can promote cognitive function, productivity, concentration and learning

performance of the students in the indoors.

SDG 7: Affordable and Clean Energy: This is stated to ensure access to affordable,

reliable, sustainable and modern energy for all.Therefore, optimizing building design and

operations lessen energy consumption in the course of maintaining good indoor

environment.

SDG 9: Industry, Innovation and Infrastructure: This aims to build resilient

infrastructure, promote inclusive & sustainable industrialization and foster innovation. In

this regard, well-designed buildings with adequate, comfortable and satisfactory

environment with thermal, IAQ, acoustic and lighting can enhance sustainable and

resilient infrastructures.

SDG 11: Sustainable Cities and Communities: The focus of this SDGs is to make cities

and human settlements inclusive, safe, resilient and sustainable. Hence, well and

sustainable designed buildings with good IEQ will long way contribute to livable and

resilient indoor environments

2.2.2 Maslow’s Hierarchy of Needs Theory

Maslow's Hierarchy of Needs is a psychological theory that suggested human needs are

arranged in a hierarchical order, from the most basic to the most complex. The theory

posits that individuals must satisfy lower-level needs before they can address higher-level

needs. According to the study, it was inferred that the students’ wellbeing will be

influenced after all the physiological and safety needs of the students are gratified.

Maslow suggested also that quality of indoor environment is secondary to student needs

and any attempt towards their performance requires wellbeing as an unavoidable pre-

requisite physiological needs213. These psychological needs include the basic necessities

of life required for human survival214. These needs may include sleep/rest, warmth,
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physical well-being, shelter. However, other needs cannot be pursued until these needs

are met. Once physiological needs are met, students will then need the second level of

Maslow's hierarchy. The second level is safety needs that include personal security,

financial security, health and well-being, stable environment, and protection from

accidents and illness213.

Furthermore, love and belongingness as the third level refers to the desire for social

connections, emotional relationships, and a sense of belonging with other people/room-

mates in the hostel indoor and need to feel that they do fit in. The fourth level

encompasses esteem needs, which include both self-esteem and the esteem of others.

Individuals at this stage seek recognition, status, and respect from others, along with a

sense of accomplishment and independence 213. At the final level of the hierarchy, which

can only be reached if all levels are previously met, students are now motivated through

self-actualization needs. At this level, students have already met many of their personal

goals and are now motivated to improve the people around them214. At the top of the

hierarchy, the individuals strive to realize their full potential and achieve personal growth.

This need is focused on personal development, creativity, and the fulfillment of one's

capabilities213.

Maslow suggested that as one moves up the hierarchy, the needs become more

psychological and less physiological, with self-actualization being the ultimate goal of

personal development. However, the study also acknowledged that not everyone follows

this exact sequence and that different people may prioritize needs differently depending

on their circumstances213. Therefore, in order to explain the influence of indoor

environmental quality on students' wellbeing using Maslow's hierarchy of needs, this

theory can be integrated into this research to understand how indoor environmental
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quality (IEQ) in students’ hostels affects students’ physical comfort and safety thus,

influencing their wellbeing through addressing various levels of needs.

Applications of Maslow’s Hierarchy of Needs Theory

Maslow’s Hierarchy of Needs Theory provides valuable insights into understanding and

addressing students' needs such as thermal comfort, indoor air quality, lighting and visual

comforts which can greatly impact their productivity, motivation, satisfaction, comfort,

engagement, and overall well-being in the hostel setting. The foundation of Maslow's

hierarchy is based on fulfilling physiological needs, such as shelter, warmth, sleep, and

physical well-being. In hostel setting, it is crucial to ensure that students' basic

physiological needs are met by creating a conducive indoor environment for sleeping and

study 215. This implies providing essential quality and clean air for physical health,

wellbeing and cognitive function. However, poor indoor air quality can lead to discomfort,

dissatisfaction, lower motivation and health issues, which may hinder students' ability to

focus and learn effectively84. Furthermore, adequate lighting and comfortable thermal

conditions are crucial for maintaining physical comfort, wellbeing, satisfaction and

concentration in the indoor, however, extreme temperatures and inadequate lighting can

negatively affect students' wellbeing, satisfaction, study/reading habits and overall

performance216.

Safety needs encompass physical safety, emotional security, and a stable indoor

environment. Students’ hostel rooms must prioritize creating safe and secure atmosphere

where students feel protected from harm and have trust in their surroundings.

Implementing safety protocols, addressing a safe and secure environment is necessary for

students to feel comfortable, satisfactory and focus on their studies. Issues such as poor

indoor air quality (IAQ), safety hazards, and lack of emergency preparedness can create
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stress, anxiety and distract from study/reading activities217. Belongingness and love need

refer to the desire for social connections, positive relationships, and a sense of belonging

within a community. In hostel settings, fostering a supportive and inclusive indoor

environment helps students feel valued, accepted, and connected. Encouraging

collaboration, and teamwork, and cultivating positive peer relationships contribute to

fulfilling these needs218. Therefore, adequate personal space and the ability to study

without interruptions are important for maintaining social comfort, wellbeing and

satisfaction and supporting academic success. Overcrowded and poorly designed hostels

can lead to social stress and hinder students’ wellbeing and productivity219.

Esteem needs involve developing a sense of self-worth, self-esteem, and recognition. In

academic setting, it is crucial to provide opportunities for students to gain recognition for

their achievements, receive constructive feedback, and engage in activities that enhance

their self-confidence. Encouraging student autonomy, acknowledging their

accomplishments, and promoting a growth mind-set contribute to meeting students'

esteem needs220. Therefore, a well-maintained and aesthetically pleasing indoor ambience

can enhance students' self-esteem, wellbeing and motivation, however, poor IEQ may

affect students' self-perception and their attitude towards studying and learning221.

Subsequently, self-actualization needs further refer to the pursuit of personal growth,

realizing one's potential, and achieving self-fulfillment. In the context of learning,

supporting students' self-actualization involves providing opportunities for creativity,

critical thinking, and personal development. This includes offering challenging tasks,

promoting individual interests and talents, and encouraging students to set and pursue

meaningful goals222.
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By considering Maslow's hierarchy of needs, an optimal indoor environment supports

students' pursuit of personal wellbeing and academic goals. A conducive learning

environment, including proper satisfaction and comfort, facilitates better study/reading

and learning abilities and personal wellbeing & growth223. In summary, Maslow's

hierarchy of needs concluded that the students’ wellbeing is influenced after all the

physiological and safety needs of the students are satisfied and therefore provides a useful

framework for understanding how different aspects of indoor environmental quality

impact students' satisfaction and wellbeing.

Figure 2.7:Maslow’s Hierarchy of Needs Theory

Source228

2.2.3 Environmental Psychology Theory

Environmental Psychology Theory describes a shelter/home as the most important

physical setting for most people217. It distinguishes the physical structure (house,
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apartment, hostel, etc) from its meaning home. Individuals normally called homeless

might more properly be called houseless, if their residences lost its meaning (in terms of

wellbeing, health, satisfaction, comforts etc), they truly are homeless. However,

residential wellbeing depends on many determinants, including stage of life, socio-

economic status, personality and values, hopes for the future, norms for one’s peers, and

relationships with neighbours. Of course, physical features of the residence such as its

forms224; architectural styles225; floor plan, colours, indoor and outdoor areas of the

residence, as well as cultural background affect residential preferences, choices,

satisfaction and wellbeing. Poor quality housing affects the socio-emotional health of the

occupants226.

Furthermore, people arrange their residential interiors in fairly predictable patterns that

are related to lifestyle, social class, and culture227. Adapting to new residences can be

stressful, depending on whether a person has some choice in doing so, prefers to explore

new settings in general or whether the change represents a downgrading228. Therefore,

environmental psychology is the study of the interrelationship between individuals and

their physical surroundings. This field investigates how environment influences users’

satisfaction, thoughts, feelings, emotions, well-being and behaviours, as well as how

individuals perceive and interact with their surroundings. The theory behind

environmental psychology is that physical environments, both natural and built, can

significantly affect human satisfaction, well-being, social behaviour, and cognitive

functioning.

Diverse theories have been propounded to explain the relationship between humans and

their environment. These include Stimulation Theory, Place Attachment Theory, and

Behaviour Setting Theory. Howbeit, Stimulation Theories are theories including the
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arousal theory, focus on the impact of environmental stimuli on individuals which can be

perceived as either arousing or non-arousing, and this arousal level can influence an

individual's emotional and behavioral responses. Environments that are too stimulating

may lead to stress, while those that are under-stimulating may result in boredom229.

Furthermore, Place Attachment Theory emphasized on the emotional bonds that people

developed within the specific places. Place attachment is the process through which

individuals and groups form emotional and symbolic connections to particular spaces,

influencing their identity and sense of belonging230. Lastly, Behaviour Setting Theory

suggested that the environment can be understood as a series of behaviour settings, which

are combinations of physical and social contexts that evoke specific behaviours. For

instance, a classroom setting encourages learning and attentiveness, whereas a park

setting may promote relaxation and play231.

Applications of Environmental Psychology Theory

Environmental psychology examines the relationship between individuals and their

surroundings, including how physical environments impact human behaviour, emotions,

well-being and overall satisfaction. It is an essential aspect of theory in urban planning,

architecture, and landscape design, as it helps Architects/allied professionals create spaces

that promote satisfaction, well-being and positive social interactions. For example,

understanding the principles of environmental psychology can lead to the design of more

effective workspaces that enhance wellbeing, satisfaction and productivity or public

spaces that foster community interaction. However, Indoor Environmental Quality (IEQ)

is a crucial aspect of environmental psychology theory, particularly in contexts like

student hostels, where the environment can significantly influence wellbeing, satisfaction

and performance. Therefore, the influences of indoor environmental quality components

as a crucial aspect of environmental psychology theory are as follow:
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1. Indoor Air Quality: Indoor air quality (IAQ) is a critical component of IEQ and has a

direct effect on students' cognitive function, well-being and satisfaction. Poor IAQ,

characterized by high levels of carbon dioxide (CO₂), pollutants, and insufficient

ventilation, can lead to fatigue, headaches, and reduced concentration, all of which impair

wellbeing, satisfaction and performance232. Improved ventilation and air filtration systems

have been shown to enhance comfort, wellbeing, satisfaction, cognitive function and

memory retention, thereby supporting better performance233.

2. Lighting: Adequate lighting, both natural and artificial, is another important factor in

the indoor. Natural light exposure is linked to better mood, alertness, and sleep patterns,

all of which contribute to satisfactory and healthy indoor234. Poor lighting, on the other

hand, cause headaches, eye strain, fatigue, thus diminishes the reading ability of

students235,236

3. Noise Levels: Noise is a well-documented environmental stressor that can interfere

with satisfaction, wellbeing, learning and concentration. High noise levels, whether from

within the building or external sources, can disrupt sleep and concentration, leading to

decreased indoor wellbeing, satisfaction and performance237, 238. A study found that

students living in quieter environments exhibited better wellbeing, satisfaction and

performance than those in noisy conditions239, 240.

4. Thermal Comfort: The temperature and humidity levels within indoors also play a

vital role in indoor satisfaction and wellbeing. Thermal discomfort, whether due to

excessive heat or cold, can lead to a decrease in wellbeing, satisfaction, cognitive

performance and overall productivity241, 242. Maintaining an optimal thermal environment

can therefore enhance students' wellbeing, satisfaction and ability to focus on their

studies/reading.
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In this regard, the indoor environmental quality of student hostels, encompassing air

quality, lighting, noise levels and thermal comfort, plays a significant role in students'

wellbeing, satisfaction and performance. Addressing these factors through thoughtful

assessment of hostel roome IEQ can lead to improved learning outcomes, satisfaction,

comfort and overall wellbeing of the students.

Table 2.1: Theoretical Framework and Research Objectives

Research

Objectives Research Objectives Applicable Theories

1 To determine the compass orientation of

the hostel buildings and physical

dimensions of the hostel rooms in the study

area

Maslow’s Hierarchy of

Needs and SDGs 3, 4, 7, 9

& 11

2 To examine the adequacies of IEQ

components of thermal comfort, IAQ,

lighting and acoustic of the selected hostel

rooms in the study area

Environmental Psychology

Theory and SDGs 3, 7, 9 &

11

3 To examine the satisfaction of the students

with the Indoor Environmental Quality

conditions in the hostel rooms of the

selected universities

Maslow’s Hierarchy of

Needs Theory and SDGs 3,

4 & 11

4 To establish the impact of IEQ conditions

on students’ wellbeing in the hostel rooms

of the selected universities

Environmental Psychology

Theory and SDGs 3 &4

Source: Researcher’s Summary from Literature Review, 2024
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2.3 Review of Empirical Studies

2.3.1 Thermal Comfort

This section evaluates studies on how users judge indoor thermal conditions in the built

environment. Therefore, in a study to examine individual differences in thermal comfort

and its contributing factors, a chamber and field research methodologies to determine sex,

gender, and other variables were adopted. The study's finding revealed that, there is

neither significant differences in weight or inter-group differences in preferred/neutral

temperature between females and males, nor between the young and the elderly in

thermal comfort. Moreover, females and the elderly are more critical of indoor thermal

conditions and more sensitive to variations from an optimal environment than males and

the young; however, once clothing and demographic characteristics are controlled, inter-

group distinctions in thermal comfort are eliminated 243.

A research study was conducted in South Australia to evaluate the effects of individual

characteristics on older people's perception and responsiveness to thermal conditions. The

study employed an exploratory design to collect data from 71 respondents (aged 65 or

older) in 57 households for over a period of 9 months in conjunction with a preliminary

assessment of the effects of individual basic characteristics such as gender, body

composition, frailty, and other factors on thermal comfort. In this study, it was discovered

that physiological changes affect old aged people's thermal perception, sensitivity, and

control; thus, old people can become vulnerable to excessive thermal conditions in their

environment244.

Additionally, a field study on students' perceptions of thermal comfort in Nepal school

buildings in a temperate climate revealed that, while private school students selected a

lower estimated comfort temperature, public school students felt comfortable and
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satisfactory at an average temperature of 27°C. This difference may have resulted from

the private school students' use of more clothing insulation to withstand outdoor

air temperatures beyond 30°C245. Both objective and subjective data collection techniques

were used in the research work. The Griffiths technique is used to estimate the comfort

temperature in the subjective method, which uses questionnaires with three voting

opportunities for the subjects, at the start, intermediate and the end of each 45-minute

session. A further field research study on responsive thermal comfort in Spanish primary

schools over the summer season focused on recording environmental factors over 21 days

and collecting questionnaires to analyze thermal comfort during the school year was

carried out.

The field study took place at a school facility in Seville, Spain, with 67 pupils and three

teachers spread over two free-running (FR) classrooms with fans and one mixed-mode

classroom with a heating, ventilation, and air-conditioning (HVAC) system. The findings

revealed that students in free-running indoor thermal environments were more

comfortable and satisfactory than those in mixed-mode classrooms, with a growing

difference in thermal comfort ranges compared to international standards. Students

preferred to open windows and doors instead of utilizing fans or changing garments 246. A

study was conducted in Univwersity classrooms to investigate the students' assessments

of indoor environmental quality components for a comfortable indoor work environment

in Uli, Nigeria's warm, humid climate. By including the students in a variety of class

activities, the study used a field subjective questionnaire/survey to collect responses from

the students in two university classes. It was determined that thermal comfort was ranked

as the IEQ component that gives them the greatest concern for comfortable and

satisfactory indoor classrooms. Students also prefer to move their seats close to or beside

windows in order to be more comfortable during the dissatisfied times247.
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A study was further carried out to explore the indoor thermal climate in residential

buildings in Tibet, China, using monitored on-site measurements of outdoor

environmental variables and a survey questionnaire for inferential analysis. The results

showed that the allowable temperature range is significantly lower than the comfort range

value. Fires/stoves routinely utilized for heating during severe cold weather conditions

may result in poor indoor air quality, affecting people's health and well-being248. In an

effort to determine the association between low ventilation flow and student thermal

comfort adaptivity in a naturally ventilated residential college in Malaysia's tropical

climates, the authors used both quantitative (questionnaire) and qualitative approaches to

collect information from the residents and college management authorities. The outcome

revealed that, in the residential college, inadequate ventilation rate is positively

significant or connected to poor interior thermal comfort249. As a result of the degree of

heat stress in the hostel, adaptive behaviours include using the mechanical ventilation

system and dressing in thinner, more comfortable fabrics.

Similar to this, a research was carried out in a naturally ventilated manufacturing building

in India during the country's hot summer and cold winter months to inquire into the

workers' subjective perceptions of their working environment and any changes in their

behaviour. Using ASHRAE Standard 55 Class-II, a subjective field survey of the "Right

Here, Right Now" and "Transverse Type" questionnaires was conducted. Simultaneous

measurements of the most prevalent indoor environmental factors for the winter and

summer seasons were also made. The study's findings showed that employees felt

comfortable in the industrial facility throughout a wider comparatively higher and lower

ranges of indoor temperature. The finding further showed that, workers need higher air

flow rates as climatic conditions change from winter to summer, and undesirable thermal

conditions have been proven for decreased productivity250.
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Further field study was conducted to assess the thermal sensations of occupants in

naturally ventilated (NV) and air-conditioned (AC) classrooms at two technical

institutions. 383 survey questionnaires from NV classrooms and 285 questionnaires from

AC classrooms, as well as on-site measurements of both indoor and outdoor weather

conditions were adopted as methodology. The result revealed that, students felt more

refreshed and comfortable in naturally ventilated learning environments than in air-

conditioned classrooms. A rise in CO2 levels after a few hours in air-conditioned

classrooms may cause learners to slow down and have difficulties in concentration

throughout long lecture hours251. The survey also found that students preferred more air

flow and openness with more interaction with nature over confined air-conditioned spaces.

Also, in the assessment of student comfort level in Pakistan universities structures, the

aims were to quantify the students' satisfaction level and to analyze the components that

influenced the students' comfort the most. The authors used a quantitative method,

specifically a questionnaire. Two departments were chosen at random with a ten-point

interval, and a sample of twenty-seven students was selected using a systematic sampling

technique. The study found that students face substantial indoor environmental comfort

difficulties, particularly thermal comfort, necessitating significant attempts to enhance

academic learning productivity 252.

The evaluation of thermal comfort with respect to building designs in naturally ventilated

open-plan and enclosed-plan studio classrooms was carried out in two typical university

buildings in warm-humid, Nigeria. The study used a questionnaire with a seven-point

ASHRAE thermal sensation rating scale to collect subjective data from students about the

thermal conditions. The findings revealed that, more respondents felt satisfied and at

comfortable degrees with the indoor thermal environment in the open classroom than in
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the enclosed classroom but none of the classrooms investigated met the ASHRAE

Standard 55's 80% criterion for a comfortable indoor environment253. It also demonstrated

that indoor temperatures are influenced by building designs253.

In a similar research, assessment of assessments of indoor environment quality in two

contemporary intelligent buildings in Poland was investigated. The adoption of objective

survey measurements of carbon dioxide concentration, air and globe temperatures, and

relative humidity were taken up by the study and applied to 117 rooms at intervals of 1.5

years. Additionally, the study also used subjective evaluation by analyzing

participants' acceptance, preference votes, and thermal sensation using 1369

questionnaires. The study showed that, the users' assessments of indoor environment

quality and thermal comfort were extremely poor because of these factors'

interdependency and dependency on the operating temperature of HVAC (heating,

ventilation, and air conditioning) systems. It was found also that thermal comfort

ascertained to be the utmost vital component for guaranteeing residents’ wellbeing254.

In the analysis and evaluation of IEQ in two public architectural campus buildings in

Karachi, Pakistan's lecture halls. A subjective approach utilizing a questionnaire survey

and physical metric measurements were used. The findings indicated that the subjects are

not comfortable with the humid and hot indoor conditions that have emerged due to a

combination of the building's insufficient ventilation and the nearby outdoor climate. The

results also suggested that, a more comfortable environment can be created through cross-

ventilation enhanced from modified opening position, improved exterior shading devices,

and supply of more vegetation 255. In the investigation of indoor ventilation conducted in

Multi-habited houses, Ogbomoso Nigeria, the study's data was gathered through the use

of a questionnaire in likert scales. Therefore, the study selected one (household-head) out
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of every five residential buildings using a systematic sampling technique, thus yielding a

sample size of four hundred and nine (409) from a sampling frame of eight thousand one

hundred and seventy three (8173) residential structures in the core of Ogbomoso. The

findings of the research showed that, the inhabitants were not comfortable at different

times of the day due to insufficient indoor ventilation rate. The study suggested

that, natural ventilation alone cannot provide appropriate thermal comfort in the warm

humid climate indoors, particularly in the afternoon and evening256.

A study of adaptive thermal comfort during the summer in medical apartments was

conducted in French city of Troyes. The research adopted both subjective and objective

physical measurements of relative humidity, mean radiant temperature, air temperature,

and air velocity. The objective measurement was conducted in six buildings or group of

building while subjective survey was carried out among the patients and healthcare staff

in the shared spaces within each building, resulting to a total of 423 questionnaires. The

study discovered that patients were generally unsatisfied with the thermal environment of

their homes, with an adaptation temperature of 250C 257. Another study was conducted to

investigate the thermal comfort of naturally ventilated university hostel buildings during

the hot season in a warm humid region. A subjective assessment employing a total of 100

questionnaires and physical measurements of the prevailing indoor environmental factors

of air temperature, air velocity, and relative humidity using the Kestrel 4500 Pocket

Weather Tracker were adopted. It was found from the study that, all thermal comfort

metrics fell below the 80% comfort range defined by ASHRAE standard 55 and ISO 7730

standard. This suggests that hostel inhabitants were dissatisfied with their local thermal

environment, and suggested that natural ventilation alone cannot provide acceptable

thermal comfort levels for its occupants in a warm humid region 258.
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Furthermore, an examination of indoor comfort and adaptation in low-and middle-income

dwelling homes during a dry season was carried out in Nigerian city. The study examined

the performance of 171 households in four distinct locales. Post-occupancy surveys were

performed to assess how the buildings and inhabitants adapted to the thermal environment.

Subjective thermal comfort surveys were conducted in eight low-income residential

homes, and physical measurements were taken using the building simulation method due

to the short measurement time. It was found that occupants felt dissatisfied and displeased

with their thermal environment, and the frequent occurrence of this thermal discomfort

highlights the need to investigate the possibilities of lowering indoor temperatures,

particularly through passive means259.

In another study to investigate into how university students perceived thermal

conditions in a naturally ventilated workshop facility during the several seasons in India's

composite climate, a total of 1460 subjective responses was gathered during the field

study in 2019. Standard Effective Temperature was utilized as a logically derived thermal

comfort index to study the combined effects of air temperature, relative humidity, and

airspeed on perceived thermal sensation and occupant preference under high metabolic

rates. The study's conclusion was that, the residents were uncomfortable and dissatisfied

indoors, and they desired increased air movement together with an increase in the

standard effective temperature 260.

In a tropical studio-style university classroom to determine thermal comfort based design

consideration was subjected to thermal comfort testing utilizing the Predicted Mean Vote

(PMV) and Standard Effective Temperature (SET) models. It was revealed that, the PMV

and SET values for indoors as well as outdoors of the classroom are significantly greater

than the recommended comfort zone, and a desirable thermal comfort state is obtained by
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air conditioning and increasing air velocity within the classroom261. Also, assessment of

thermal comfort model for implication in tropical climate was examined. The study used

meteorological data, such as air temperature, relative humidity, globe temperature, and air

velocity, to calculate the Standard Effective Temperature (SET) and Predicted Mean Vote

(PMV), along with clothing insulation and metabolic rate. This was continually recorded

during field measurement with a one-minute time interval for a seven-hour period

between 9:00 and 16:00 on typical summer days from June 11 to June 13, 2019. The

study found that, the occupants felt comfortable when the indoor temperature was

between 24oC and 26oC 262.

Also, thermal comfort assessment in selected lecture theatres was conducted in Gidan-

Kwano campus. Physical measurements of floor plans and cross-sections, as well as

climatic indicator measurement of indoor air temperature and relative humidity were

collected. The study's findings revealed that the lecture theatres' indoor thermal comfort

falls short of thermal performance standards due to excessive temperature and relative

humidity, low wind velocity, poor orientation, and so on263. Furthermore, in a

study conducted into occupants' responses to thermal comfort conditions in traditional

core areas of Ibadan and Ogbomoso cities, the two cities' climatic data were subjected to

the Evans scale in order to estimate the daytime and nighttime thermal stresses

experienced by residents. Additionally, subjective questionnaires were used to gather data

on how residents responded to changing thermal conditions. Lastly, the data were

analyzed using descriptive and inferential statistics. The findings revealed that, in both

cities, morning hours are the most comfortable, afternoon hours provide the most hot

discomfort conditions, and evening hours are mostly associated with cold discomfort 264.
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In the evaluation of the natural ventilation provision for comfort in a few chosen

residential estate buildings was carried out. Data was gathered from 91 out of the 273

buildings which were randomly chosen for a field survey using 7-point ASHRAE scale

questionnaires. A simulation technique to infer the internal environmental conditions,

meteorological station data for bioclimatic analysis, and architectural building drawings

to determine the spatial analysis of the various typologies were also utilized for the study.

It was found that, revealed that nearly all of the buildings' indoor spaces have sufficient

natural ventilation, with indoor wind speeds between 0.21 and 0.24 m/s being preferable

to air-conditioned interior spaces265. Furthermore, a longitudinal survey was conducted in

six randomly selected residences during the winter and spring seasons of Qatar to

examine the occupants’ thermal comfort and sleep quality. A total of 833 subjective

thermal and sleep quality responses were collected before going to bed and after getting

up. It was shown that the residents preferred warmer sensations and felt colder for most of

the day. Nonetheless, the residents slept well, and their self-reported total self-rated sleep

quality improved considerably with thermal acceptability266.

In order to examine the hot-humid indoor climates of the assessed buildings in terms of

air temperature, globe temperature, relative humidity, and wind velocity, the study

conducted a field survey at the IBS building in a Northern Malaysian city. Therefore, the

clothing insulation group and metabolic rate of the occupants were used with multiple and

stepwise regressions to identify the independent variable for neutral temperature

prediction. The analysis of the assessment of thermal comfort factors in Industrialized

Building System (IBS) residences found that, air temperature, air humidity, wind speed,

as well as other factors, all have a significant impact on the dwelling's condition,

uncomfortable living conditions and make it difficult for residents to perform daily tasks

effectively and efficiently267.
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A comparison of adaptation measures and thermal comfort for conventional and

contemporary multi-story naturally ventilated dormitory buildings during India's

monsoon season was carried out. In order to gather data for the study, 945 questionnaires

were distributed to 470 residents of 419 rooms to administer. The questionnaires included

objective measurements of the hostel buildings' architectural characteristics as well as

values for thermal ambient components. It was determined that the mean room

temperature in conventional and contemporary hostel buildings did not significantly differ

from one another. It was discovered that turning on the fans and then opening external

doors and windows were the main adaptive measures taken by the students to restore the

comfort260. An objective measurement of internal environmental parameters using a

microclimate meter was adopted to assess the indoor thermal conditions of the intelligent

lecture room building at Kielce University of Technology. The field questionnaire was

administered to a total of 164 people aged 16-24, comprising 97 men and 67 women. The

study's findings revealed that, the students found the building's temperature range to be

both acceptable and comfortable, matching all of their expectations. Further evidence

revealed that learners enjoy and feel better in colder conditions268.

2.3.2 Indoor Air Quality

This part analyzes previous researches on how users evaluate indoor air quality in the

built environment. In a field experiment in Asia, the effects of two distinct ventilation

rates and two filter settings on call centre operators' performance in their day-to-day work

were examined. There were four conditions, each lasting two weeks, with the ventilation

rates being 2.5 l/s-person and 25 l/s-person and the filters being either new or six months

old. Every week, surveys were used to gather data on the prevalence of acute health

complaints, the subjective assessment of the indoor ambience, and the perceived

air quality. Call time was used as a basis for evaluating work productivity. The findings
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demonstrated that higher productivity was only positively correlated with a high

ventilation rate when the filter was brand-new; a negative correlation was noted if an old

filter was in use at the period of the increase in ventilation.

The subjective assessments' outcomes also demonstrated a relationship between new

filters and people's perceptions of the air as being noticeably healthier and more

acceptable. The participants reported having less dry skin and thought the workspace was

cleaner and brighter269. With a new filter installed, increasing the ventilation rate was

linked to a considerable reduction in nose and eye irritation, an improvement in the

environment's perceived brightness and cleanliness, and an overall improvement in

wellbeing. An almost significant correlation was found between higher ventilation rate

and better performance. The hypothesis that there is a correlation between acute health

symptoms and subjective evaluations of the indoor environment and productivity as

measured quantitatively is supported by these results.

A study to examine the effects of varying the temperature from 22.5 to 24.5°C and the

ventilation rate from 5 to 10 l/s per person on call time was conducted. For a total of nine

weeks, the four conditions were subjected to the test by examining operator responses to a

questionnaire regarding the indoor ambience, acute health symptoms, and perceived

productivity, as well as talk and hold times. The subjective outcomes varied greatly

between the conditions in a variety of ways. Increased perceived warmth, headache,

difficulty in concentration, cold hands and feet, and a 9% decrease in reported

productivity were all significantly connected with higher temperatures270. The report does

not specify which questions were used to assess perceived productivity. Reduced

perception of air stuffiness was strongly associated with higher ventilation rates. The

temperature and ventilation did, however, have substantial interaction effects, with a

decline in ventilation rate at the lower temperature leading to an almost significant rise in
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headache. Three months preceding the experiment, the ventilation systems' filters were

exchanged. Decreased air quality and a higher felt stuffiness of the air were linked to

higher temperatures and higher humidity levels. Four distinct clusters were formed from

the symptoms in order to further investigate the subjective responses. Talk time was

greatly associated with the first cluster of neurobehavioral symptoms (headache, trouble

concentrating), and the fourth cluster of symptoms related to dryness and nose. The

findings demonstrate a good degree of agreement between acute health symptoms and

subjective assessments of the indoor environment and productivity.

A study was done to investigate how temperature interventions in an office building

influenced the users' productivity. The Remote Performance Measurement Tool (RPM-

tool), developed to make productivity measures in actual office buildings simpler, served

as the foundation for the study. The internet-based tool comprises two questionnaires and

multiple performance tests to assess the subjective perceptions of the indoor environment

as well as productivity, which is quantified statistically. Three simulated office work tasks;

text typing, proof-reading, and mathematical calculations, all constituted the performance

examinations scored according to accuracy and speed. Although the authors note that

similar performance measures could be employed in real offices, and they have

previously been tested in experiments in the laboratories. It is preferable to conduct the

tests in the afternoon after the subjects have spent many hours indoors, as this is thought

to make them less alert and more sensitive to the conditions of the environment. The

questionnaire inquired questions about perceived productivity, acute health complaints,

and thermal feeling. It takes twenty to thirty minutes to complete the RPM test. The

instrument was utilized in a series of office buildings that housed a Danish bank.
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By modifying the temperature set-points in two buildings, two distinct temperature

conditions were produced. For the duration of the two-day intervention testing, the study's

200 participants were told not to open the windows. While efforts were made to maintain

constant environmental conditions, the temperature conditions that were attained were

about 21 °C in the cool and 25 °C in the warm conditions. The addition task showed a

significant 10% increase in performance in the cooler condition, but no other significant

relationships between temperature and other performance tests were detected. There were

significant correlations found between the respondents' thermal perception and

temperature, but not between temperature and acute health conditions or perceived

productivity. These results demonstrated that office workers' productivity may be

influenced by indoor temperature in specific instances and that thermal perception is

consistent with ambient conditions271. Nevertheless, despite the better results in the

addition test, perceived productivity remained same throughout the conditions and greater

productivity was found correlated with a lower air temperature.

Investigation into how primary school pupils' cognitive performance was affected by

ventilation rates and CO2 concentrations was conducted. Two distinct air quality

conditions developed in a classroom comprising children aged 10 and 11 by either having

the windows opened or closed. After spending a few hours in the classroom under one of

the conditions, the 18 kids who took part in the study had a 10-minute test to assess their

cognitive ability. The conditions led to CO2 concentrations of about 690 and 2909 parts

per million, respectively. The speed and accuracy of responses to multiple tasks and one

memory task were used to evaluate the cognitive test findings. The subjects' subjective

assessments of their individual feelings of calmness, alertness, and mood were also

carried out. The overall speed, which is considered to be a strong evidence of

concentrated attention, significantly improved in the results. While there were no
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appreciable effects on accuracy, there was an obvious increase in calmness. This study

demonstrates that improving the ventilation rate can be achieved even with simple

methods, leading to noteworthy improvements in cognitive tests, which are used as a

focus indicator. It is believed that the ability of pupils for concentration affects their long-

term learning and, consequently, the outcome of their academic endeavors. There is a

relationship between subjective feelings and productivity, as evidenced by the increased

ventilation's correlation with both enhanced mood and greater quantitatively assessed

productivity 272.

The temperature between 20 and 25 °C and the outdoor air supply between 3 and 10 l/s

person were altered in a study on children's performance and classroom conditions.

Through the use of numerical and verbal tests that evaluated accuracy and speed, the

productivity was quantitatively assessed. The findings demonstrate that raising the

ventilation rate by two-fold was related with an 8% rise in test scores, as well as a

significant improvement in subjective impression of the air according to both children and

an adult sensory panel273. Reducing the temperature from 25℃ to 20℃ resulted in

significant improvements in four out of eight performance tests, as well as the sense of

fresher and less warmer air. Furthermore, the ventilation rate in 16 school classrooms in

the UK was examined by installing movable mechanical ventilation systems in the

majority of naturally ventilated classrooms. A total of 330 students took part in the

research. It examined whether elevated ventilation rate, cognitive function, subjective

perception of the surroundings, and the intensity of acute health symptoms were

correlated. Four of the nine performance tests showed significant improvements in either

accuracy or reaction time; these improvements ranged from 2.2 to 15%. Only a few

significant gains in subjective assessment were observed274. The study also revealed that

most schools had relatively high CO2 concentrations preceding the intervention, and that
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routine window openings had a major role in ventilation. According to the study's

findings, the subjects' ability to work is greatly affected by the quality of air in the

environment.

Additionally, pupils between the ages of 10 and 12 were exposed to varying ventilation

rates in four classrooms spread across two school buildings. The classroom's ventilation

gadgets were able to provide the various ventilation rates. Every other condition kept the

same. The reading and comprehension, grammatical reasoning, addition, and number

comparison were the performance tests. Every Friday, questionnaires with questions

regarding acute health problems, perceptions of the indoor environment, motivation, and

fatigue were used to conduct subjective evaluations. There were CO2 concentrations of

about 900 and 1500 parts per million, respectively, due to the high and low ventilation

levels. The tests were graded according to the total number of precise responses and

errors275. The authors selected to subjectively delete a few extremely poor performance

results because it was apparent that some of the subjects weren't attempting to complete

the tests on time. By evaluating the entire sample, all four tests showed significant rises

ranging from 3.2 to 7.4%. The findings suggested that the ventilation rate had a major

effect on children's short-term productivity. The relationship between the indoor

environment and productivity was quantitatively determined by granting staff in a new

building more control over the environmental conditions of their workplace. The study

discovered that quantitatively assessed productivity rose by 16% when compared to a

conventional building without personal control276. It was discovered, meanwhile, that the

increased control alone only resulted in a 3% rise. The number of forms that the

employees at an insurance company filled in each week was used to measure their level

of productivity. Better thermal comfort for women was linked to the increased

controllability. Thus, greater control has been linked with greater thermal satisfaction as
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well as increased productivity. The results also implied that a high degree of personal

environmental control may lead to higher levels of productivity.

The relationship between unsatisfactory indoor environmental conditions and perceived

productivity, environmental satisfaction, and test-simulation performance was carried out.

Over the course of eight months, 2261 survey responses and test participants completed

the survey; the subjects had spent a minimum of at least six to seven hours in the offices

at the time of the survey and test. The research questioned about perceived productivity,

motivation, mood, fatigue/alertness, distractions, feelings, and environmental discomfort

in addition to questions about lighting, noise, and thermal climate satisfaction. On a scale

of "much less productive than average" to "much more productive than average;"

productivity was measured. The "stroop test" was used to assess cognitive ability. It

required participants to report a word's colour rather than the colour the word describes,

and it was scored mostly on accuracy and speed. The number of environmental factors

that participants regarded as having the lowest possible level of satisfaction was used to

calculate a factor known as "environmental stress," which was used to determine the

dissatisfaction rate of the environmental conditions. It was discovered that there was an

important link between stress level and perceived productivity i.e. the higher the stress,

the lower the productivity, as well as between stress level and the frequency of headaches,

changes in mood, and "feeling off." The feeling of dissatisfaction with the environment

was linked to the mood (between unhappy and joyful). The outcomes of the cognitive

performance tests correlated significantly with the subjective assessments of motivation,

mood, and distraction. The findings of the cognitive performance assessments were also

connected to mood and "feeling off" 277.
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2.3.3 Acoustic/Noise

This part analyzes relevant studies on how to evaluate acoustic/noise in the built

ambiences. In analyzing the impacts of classroom reverberation on reading abilities,

discomfort from indoor noise, and school attitudes in second graders with the goals to

find out how classroom acoustics affect learning performance and wellbeing in primary

school students. In order to gather information on the acoustic conditions of the

classrooms and the performance of 398 children from 17 classes with mean reverberation

times ranging from 0.49 to 1.1 seconds, a performance and subjective questionnaire was

used. According to the findings, kids from classrooms with poor acoustics did worse in a

phonological processing task than children from schools with better acoustics. A higher

volume of indoor noise was indicated as a cause of impairment in the classrooms278.

In an effort to compare acoustic comfort of classrooms in traditional and contemporary

school buildings to Kerala's tropical warm-humid climate, the performance of a

vernacular school classroom to a modern classroom, preliminary and in-depth surveys

were carried out. Therefore, in order to measure two key acoustic parameters of

background noise and reverberation time that affect the acoustical comfort in the

classrooms, the surveys were carried out in the classrooms of ten vernacular and ten

modern schools across each survey period. Teachers and students were given

questionnaires to complete in order to assess the users' degree of satisfaction, and the

results of the scientific analysis were compared with the users' responses. The findings

showed that both teachers and students preferred the acoustics of contemporary

classrooms over those of traditional classrooms, as they improved learning

performance279. Thus, enhancing the acoustical comfort in classrooms is essential for

increasing student performance.
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A research in Poland was conducted on the effects of acoustic treatment in school rooms

on the well-being and performance of tutors and students. The equivalent sound level,

reverberation time, and speech transmission index were measured objectively in this

study both before and after acoustic treatment. 378 pupils and 44 teachers received the

questionnaire survey designed to measure the acoustic change feelings Scale for teachers

and students. The results showed that both pupils' and teachers' performance and

wellbeing were significantly improved. As a result, enhancements in the users' degree of

concentration, short-term memory, and work pace were noted. Teachers and pupils

reported a noticeable decline in fatigue and aggression as well113.

The acoustical and general environmental quality of secondary school classrooms was

assessed both subjectively and objectively. The research employed a methodology of a

subjective survey to gather data on 51 secondary school classrooms, some of which had

undergone acoustical renovations, on their perceived environmental quality. Eight of the

51 classrooms were used for the objective acoustical measurements, which served as a

representative sample of the various classroom types that were the subject of the study.

1006 students were given a questionnaire with questions about both overall quality and its

individual components, such as indoor air quality, thermal, acoustical and visual quality.

According to the study, non-renovated classrooms had lower acoustical satisfaction than

renovated classrooms, which led to a decline in concentration. The result revealed that,

the average noise disturbance, scores, and learning are more strongly correlated280.

The effect of noise on elementary school pupils' performance on a range of literacy and

speed tasks in the classroom was investigated. It was noted that on speed of processing

tests, children in the babble and environmental noise conditions scored significantly

worse than the kids in the base and babble conditions. But only in the babble condition
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did performance on the verbal tasks significantly worse281. Six year 3 classes totaling 158

children participated in the research study. Classes were randomly assigned to one of

three noise environments: classroom babble, babble plus environmental noise, or babble

and environmental conditions. Later, the children's performance in these conditions was

contrasted with that in the base, or typical noisy conditions, by the children. An

assessment of public school classroom acoustics showed that, for all three constructive

designs examined, the acoustical quality of the assessed classrooms was poor and was

inconsistent with standard113. Three constructive designs, two of which were built under

each of the three designs, totaling six schools, were examined in the study and are

situated in the Curitiba, Brazil metropolitan context. Then, the reverberation time and

sound insulation results were contrasted to Brazilian Standard reference values.

Similarly, an assessment of the impact of various enclosed and open-plan classroom

acoustic conditions on speech perception of kindergarten-aged Australian children was

conducted. The impact of acoustics on speech perception was tested in four Kindergarten

classrooms: a semi-open plan learning environment (205 children), a fully open plan

triple classroom (91 children), an enclosed classroom (25 children), and a double

classroom (44 children). While neighboring classes engaged in quiet versus noisy

activities, 22 to 23 children, aged 5 to 6, in each classroom participated in an online four-

picture choice speech perception test. According to the study, as fully open-plan

classrooms generate a lot of unpleasant noise levels that impairs speech perception, they

are not appropriate environment for critical listening exercises with young children282.

The effects of environmental and classroom noise on the academic attainments of primary

school children in England and Wales were studied through an approach that assessed

children's academic performance employing a standardized national assessments of
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literacy, mathematics and science. The study sought to determine how children between

the ages of 7 and 11 performed on tests after being exposed to outdoor and classroom

noise on a regular basis. The results demonstrated that noise from outside significantly

reduced performance, with the effect being lower for the younger children than the older.

It is also indicated that noise from individual external events has a greater impact on

children's test performance than internal classroom noise and background noise levels283.

An evaluation to examine the influence of noise in educational environments on

children's academic achievement in primary school was conducted in Ahvaz. In the

process, a random selection of 210 male primary school pupils was used for the study's

sample, and they were given questionnaires. The achievement motivation questionnaire

developed by Hermance, and the researcher-constructed questionnaire (observation

checklist to examine the physical variables of noise) together with student interviews

were used as data gathering instruments. Descriptive and inferential statistics were

utilized in SPSS-21 to evaluate the information gathered. The findings of the study

revealed that, noise has a negative influence learning attitude of the kids 284.

2.3.4 Visual/Lighting

According to a study on the relationship between academic performance and visual health

in school-aged Children in Spain, Children who performed poorly in the classroom had

worse visual health than those who performed well academically285. 11406 elementary

school students falling within the ages of 6 and12 years undertook a visual screening as

part of the study's methodology. In order to identify any visual issues, a basic optometric

screening was conducted together with the collecting of demographic data and

questionnaires relating to children's and families' visual habits. Additionally, it was

discovered in a thorough literature analysis on the effects of lighting on

children's learning environments that pupils' task-switching performance of accuracy,
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speed, and expression increases more when they are exposed to higher correlated color

temperature (CCT) light. Qualitative, quantitative, mixed-method and quasi-mixed-

method methodologies were all used. Additionally, variables like the test score

progression in standardized assessments, user's behaviour, mood, and concentration over

time were examined as test parameters286.

Two fourth-grade classrooms with 27 pupils each were used as the control and

experimental groups in a field experiment. The students in each classroom were ten years

old on average, and natural light was illuminating from one side of the classroom. Since

the experimental group switched to solid-state lighting (light emitting diodes, or LEDs)

with three lighting conditions during the second week of the study, as described in the

laboratory study. The two groups worked on arithmetic problems under various lighting

exposures. However, during the trial, the control group made use of the fluorescent lights

that were already in place. According to the findings of the study, Correlated Colour

Temperature (CCT) illumination has significant effects on both academic and recreational

activities287. Therefore, 738 pupils were chosen by a systematic method of sampling for a

cross-sectional study that investigated into how lighting affected students' performance in

Delhi school classrooms. The lux metre "Testo-545" was used to record illuminance data,

which was used to illustrate the lighting levels in the classroom. The speed and accuracy

of the d2 test, developed by Brickencamp and Zilmer, was also used to evaluate the

performance of the students. Data collection using a questionnaire and interview format

was conducted to find out how students perceived regarding the illumination in the

classroom. The findings indicated that the illumination in the classroom significantly

affected student's ability to concentrate and perform. It was also mentioned that a

classroom with illumination levels between 250 and 500 lux is strongly linked to pupils

being more concentrated, which enhances performance and scores288. Therefore, it is



87

decided to increase natural light by windows and doors that are positioned strategically or

artificial light using appropriate lamps and luminaires within the classrooms.

In order to examine the effects of illumination on academic performance and learning in

Ahvaz's elementary school population, a cross-sectional study comprising 210 randomly

selected pupils was performed. Questionnaires were distributed to students at random and

cluster sampling was carried through proper allocation. The researcher-constructed

questionnaire (an observation checklist to assess the physical parameters of learning

environment lighting) and Hermance's achievements motivation questionnaire were used

as data collection methods, along with student interviews. SPSS software was applied to

analyze the study's data. According to the study, elementary school pupils' learning and

academic performance are significantly impacted by lighting289. Therefore, while

designing and furnishing educational spaces, natural light (windows, valves, etc.) or

artificial light (lamps or different types of lights) must be used to offer lightning in the

classroom.

Similarly, over the course of a school year, the effects of daylighting and other aspects of

the indoor classroom environment on students' performance and learning were

investigated in a few faculties at the King Abdul-Aziz University campus in Jeddah,

Saudi Arabia. Correlation analysis was used in the study to compare 400 students'

performance across 20 classrooms at the selected faculties. The classrooms were spread

across several floors of buildings used for education. Statistical modeling was utilized to

examine the relationship between daylight in classrooms and the academic performance

of learners, even with the presence of traditional descriptive learning variables. To assess

whether there would be an impact of other variables on students' performance, other
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factors such artificial light, acoustics, thermal comfort, and indoor air quality were further

investigated290.

Thus, a study was undertaken to interview academic staff in order to investigate the

impact of classroom daylighting on the academic performance of learners. As a result, it

is evident that daylighting in classrooms has a significant impact on the learning

environment as daylighting decreases running costs, enhances students' vision and

perception, enhances occupants' comfort, health, and productivity291. Thus, the amount of

natural light that enters classrooms should therefore be maximized, and the lighting of

areas that fall within students’ visual fields should be managed. Also, a longitudinal field

survey assessing the visual comfort of daylight and sunlight areas in classrooms was

investigated in Kashan, Iran. Throughout the course of a school year, the study used

procedures that involved both subjective and field measurements, which were conducted

simultaneously in two differently oriented classrooms (south and north).

A subjective study measuring students' perceptions of visual comfort in daylight and non-

daylight classroom environments was carried out using questionnaires. Additionally,

dynamic daylight metrics such as Annual Sunlight Exposure and spatial Daylight

Autonomy were included. These were formalized in LEED V4 and subsequently

compared to student assessments. The findings indicated that the majority of students do

not experience much direct sunlight or glare in classrooms in both sunlight and non-

sunlight areas of the classrooms292.

In a study aimed at improving student achievement in California, Washington, and

Colorado classrooms, a study sample of more than 2000 classrooms were adopted. Under

the task performance of reading and arithmetic test scores, students were exposed in their

classrooms to a larger amount of daylight. Research revealed that learners who received
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more natural light in their classrooms performed better on mathematics and reading tests,

with 2 to 26% higher test scores than those of students who experienced less natural

light293. Additional empirical investigation was carried out to examine how architectural

spatial characteristics affect student performance. The study focused at how 583

elementary school pupils in Galicia, Spain, related to their learning environment in terms

of mathematics and creative activities. Additionally, the Indoor Physical Environment

Perception scale was developed, verified, and used in 27 classrooms. The findings

confirmed that students do better academically in brighter classrooms294. Thus, young

children may distinguish between different lighting needs based on the work at hand.

In attempt to assess the thermal, acoustic and lighting comfort conditions in seven

classrooms at the University of Pavia in Italy, both subjective and objective

measurements were conducted. In order to understand more regarding the students'

perceptions of lighting and acoustic comforts, measurements of the primary indicators of

thermal, acoustical, and visual comfort were conducted, and new targeted questionnaires

were designed specifically. The outcome demonstration showed a strong association

between the perceived visual comfort and the average measured illuminance value295, 296.

Likewise, a field study to investigate how indoor lighting affects students' visual

perception and cognitive performance in the University classrooms in China was

conducted. In two experiments, light-emitting diode (LED) sources and LED panel

sources were installed in typical classrooms as part of the study's conceptual approach. 79

college students were asked to complete a series of visual tests under the two lighting

conditions. These tests were carried out twice, one before and another after a two-hour

self-study in each type of lighting. The study revealed that the visual comfort of text

reading was significantly impacted by indoor lighting296. Moreover, the

participant's accuracy and speed of proof-reading were significantly impacted by their
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degree of proficiency, which in turn affected their visual perception and cognitive

function/performance.

2.3.5 Contributions of IEQ Components on Wellbeing

According to the research on the effects of Indoor Environmental Quality (IEQ) on the

performance of the staff in Building Technology department, a total of 216 copies of the

questionnaire were distributed in the course of the study to the staff from six Nigerian

post-secondary institutions. Data were gathered using a 38-item questionnaire, and three

experts validated the instrument. Additionally, the instrument's internal consistency was

checked using the Cronbach's Alpha reliability method, which yielded an internal

consistency coefficient of 0.89. The data was analyzed using the t-test, mean, and

standard deviation. The outcome of the study found that, improving indoor environmental

quality has significant effects on staff performance, wellbeing, comfort, workspace

utilization, and overall productivity297.

In a related study conducted on the relationship between students’ performance and

Indoor Environmental Quality (IEQ) in air-conditioned university teaching rooms, both

subjective assessments and objective measurements were used. The findings indicated

that, there was a strong positive correlation between performance and IEQ31. Though, a

poor and compromised IEQ had a negative impact on academic activities and learning.

The study to investigate on whether a decline in the indoor environment quality may

influence learners' overall performance through the numerical outcomes of tests that

elementary school pupils obtain in their classrooms. Thus, questionnaires distributed to

the same student samples were used to assess the parameters of indoor environmental

quality, such as thermal, visual, acoustic and air quality, as well as to evaluate symptoms

of Sick Building Syndrome (SBS). The findings revealed that parameters related to

indoor environmental quality had a substantial impact on student performance298.
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Likewise, it demonstrated a strong negative association between the test scores and the

IEQ components. The decline in IEQ components is therefore having an impact on pupils'

performance.

2.3.5.1 Thermal Comfort

A study examining the effects of indoor air temperature on human thermal comfort,

motivation, and performance comprising 36 students with a mean age of 23.3 years, who

were divided into two groups was investigated. Group B, which included 16

participants was only exposed to a temperature of 26 °C. Group A, which included 20

subjects, was exposed to five different air temperatures: 22 °C, 24 °C, 26 °C, 29 °C and

32 °C. In each group, a self-reported motivation assessment using a 7-point rating system

was administered. A warm, uncomfortable environment was found to impair wellbeing

and decrease learning performance299. Environments with warmth discomfort had a

greater detrimental effect on motivation and wellbeing than those with cold discomfort.

Participants were more motivated as a result of an improvement in thermal comfort.

Similarly, to examine the effects of higher temperature set-points during summer on

office workers' cognitive load and thermal comfort, a sample of 26 male employees, aged

between 31 and 50 and under 30, were exposed to 22 and 25 degrees Celsius. There were

two test scores conducted. The planning skill was used to assess the subjects' competence

in spatial planning, whereas the reasoning skill measured the subjects' ability for verbal

reasoning. Temperature was shown to have little or no effect on the reasoning's or

planning skills' test scores300.

An investigation was done into the relationship between perceived air quality and

cognitive performance at modestly elevated indoor temperatures, even when wearing

comfortable clothing. Twelve participants, ranging in age from eighteen to thirty years

old, were divided into two groups and subjected to two distinct temperatures of 23°C and
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27°C. Computerized tests of typing performance, number computation, and grammar

proficiency were given to each group. It was found that typing performance significantly

diminished at higher temperatures when compared to lower temperatures301. As part of a

study to investigate the effects of elevated body temperature on performance, reasoning,

memory, and mood, twenty students were exposed to a core body temperature raised

to 38.80–39.05°C within a few minutes by immersion in water at 41°C. Participants were

asked to determine whether the statement correctly described the sequence of the

letters in 16 simple logic problems. It was stated that there was no significant

difference in accuracy performance across the several control experiments302. However,

when the temperature rose, likewise did the performance speed.

In a bid to examine how the indoor thermal environment affects inhabitants' mental

workload and task performance, 15 students, aged 22 to 33 were subjected into a climate

chamber with three temperature settings: slightly cool, neutral, and slightly warm. Three

options were provided in a number addition exercise to assess each subject's cognitive

speed and alertness. It was stated that the subjects performed significantly differently

under cool and warm circumstances for the hard-mode test229. In a study to examine

productivity and fatique in a college environment, three operating temperatures (25.5 °C,

28 °C, and 33 °C) were experienced by 20 male and 20 female students. The tasks given

to the subjects were code substitution, addition task, and a four-choice serial reaction time.

It was said that among female students, there was no significant difference in

performance across all three conditions on any of the tests. At 25°C, male students

performed significantly worse compared to the other instances303.

Research was performed to determine how SBS symptoms and office work performance

were affected by moderate heat stress and open-plan office noise distraction. Thirty
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employees, comprising sixteen male and fourteen female office workers, were divided up

into six groups. The testing room was adjusted to temperatures of 22 °C, 26 °C, and 30°C,

with two noise levels of 35 dBA and 55dBA. Proof-reading was also employed to assess

the reading comprehension of the subjects. The results showed that proof-reading

performance dropped as the temperature increased in the same noise environment299. To

assess the impact of indoor environment quality on productivity, 21 participants (6

females and 15 males) aged 18 to 20 years old were chosen as the study sample. The

subjects were asked to complete tasks in three different indoor air temperatures (17°C,

21°C, and 28°C), and a verbal comprehension task was utilized to assess their reading

comprehension. The carryover effects were modified for the measured performance.

According to study, the reading comprehension performance with the highest accurate

ratio at 21°C was recorded299.

Additionally, the climate chamber experiment was carried out to assess the combined

effects of lighting and heat on Iranian students' ability to concentrate. 33 students

participated in the study, where they were subjected to 22°C and 37°C temperatures along

with 200, 500, and 1500 lux lighting levels at the same 4500°C colour temperature.

Conners Continuous Performance Test (CPT) was used to measure attention level, and an

RT meter was used to assess reaction time (RT). By counting the number of errors and

monitoring reaction time, the attention rate was ascertained. As a result, it found that,

under the same lighting conditions, a rise in temperature was associated with an increase

in commission error, omission error, response time, and decreased concentration304.

As part of a research on how well students performed cognitively under temperature

cycles brought on by direct load control events in the institution, students were placed in

chamber settings and had their temperature modified by the air volume system from 16 to
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38 degrees Celsius209. Eight distinct room temperature cycles were conducted. The

background noise level was 40 ± 5 dBA, while the illumination was fixed at 500 lx. Tests

of concentration and attention to detail were also performed. As a result, when the

temperature rose more quickly, the concentration performance improved. The rate at

which temperature changed was correlated with concentration performance305.

Finally, a study involving 24 staff members was carried out to assess the productivity of

office workers and the impact of room temperature. Four temperatures of 19, 24, 27

and 32 degrees Celsius were taken into consideration in an air-conditioned office with

eight fluorescent lights. The study utilized the subjects' attention, performance on

measures of letter search tests, memory span tests, and picture recognitions. The outcome

confirmed that temperature had no influence on attention performance in any of the three

tests involving response time and accuracy of outcomes306.

2.3.5.2 Indoor Air Quality

A study sample of eighteen primary school students, aged ten to eleven, was utilized to

examine the impact of lower ventilation on the cognitive function of the class. The CO2

concentration was controlled in the study by opening and closing the window to adjust

ventilation, and the subjects' level of concentration was assessed through task

performance on a computerized cognitive assessment system. Higher CO2 levels were

observed to cause an approximate 5% decrease in the power of concentration and

wellbeing, which in turn caused performance to diminish307. Research was also done on

the neurobehavioral impacts of ambient air pollution on adult US citizens' cognitive

function. According to ambient concentration in the Environmental Protection Agency

(EPA) database, 1764 adults were exposed to PM10 and ozone. The subjects were also

given the opportunity to take the symbol-digit substitution test (SDST) to measure their

coding abilities and the serial-digit learning test (SDLT) to test their attention. It was
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discovered that a lower task-performance score was connected to elevated exposure to

indoor air pollution308.

The study examined the relationship between perceived air quality, self-assessed acute

health symptoms, and cognitive performance. Twenty-five students aged between 23 and

24, were subjected to five conditions mixed with three different CO2 levels (500, 1000,

and 3000 ppm) as well as varying concentrations of bio-effluent. The pupils were

required to complete the D2 test, which was a paper-and-pencil test consisting of 14 rows

of characters that were to be identified. The findings indicated that there were no

statistically significant impacts of increasing CO2 exposure on perceived air quality or

attention performance. Additionally, exposure to bio-effluent thereby reduced the

perceived air quality, decreased the number of correct connections produced in the cue-

utilization test, lowered addition speed, and increased the degree of reported headache,

weariness, sleepiness, and thinking difficulties309.

In the study of air pollution and cognitive function in older individuals, 10,308 older

adults (mean age 66 years) were utilized as a study sample. The annual average

concentrations of PM2.5 and PM10 from 2003 to 2009 were examined using the Alice

Heim 4-I test to assess reasoning performance. According to the study, low reasoning

performance is associated with all particle metrics310. In the United States, research was

conducted on the impacts of air pollution and fine particulate matter on cognitive

performance in older adults. It was demonstrated that in an area with greater air quality,

older people performed worse cognitively. As a result, cognitive performance declined as

PM2.5 concentration increased310. A cross-sectional relationship between dwelling PM2.5

concentration and cognitive abilities was investigated. 13,996 older male seniors were

interviewed through phone on their cognitive status. The experiment examined two
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independent cognitive functions: episodic memory and mental status. Similarly, 789

elderly women over the age of 55 were studied to determine the relationship between air

pollution and cognitive abilities. The Mini-Mental State Examination (MMSE) and a

cognition test from The Consortium to Establish a Registry for Alzheimer's Disease

(CERAD)-Plus were used to assess exposure to PM2.5 and nitrogen oxides. The outcome

demonstrated a cross-sectional relationship between air pollution and a decline in

wellbeing, satisfaction, comfort and performance in the CERAD total score due to a

worse cognitive function311.

2.3.5.3 Noise/Acoustic

The effects of open-plan office noise distraction and moderate heat stress on SBS

symptoms and performance were studied in an office setting. The experiment room was

adjusted to 22 °C, 26 °C, and 30 °C with two noise levels of 35 dBA and 55 dBA. Thirty

workers were split into six groups. The creative thinking of the subjects was used to

measure their performance. According to the study, there was a slight but non-significant

difference in performance depending on the noise level312. An interview was conducted

with 1,015 residents in the vicinity of Sydney Airport regarding their response to

environmental noise. A structured interview evaluated noise-induced disturbance,

demographic factors, reactions to noise, attitudes toward the noise source, sensitivity to

noise, and physical and mental health issues. Measurements of aircraft noise were carried

out at several homes close to flight paths. Thus, the findings indicated that airplane noise

is associated with some noise-related symptoms like sleep and reading disturbances but

not to anxiety or depression313.

The impact of ambient noise on creative cognition was investigated in a different

experiment. Under high, moderate, and low noise conditions of 85 dB, 70 dB, and 50 dB,

respectively, 65 undergraduate students participated in Experiments 1 and 2, 95 students
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in Experiments 3 and 4, and 68 students in Experiment 5. The Remote Associates Test

was employed to evaluate creative performance. It was discovered that moderate and low

ambient noise levels improved performance on creative works. Moreover, better

performance and wellbeing are enhanced in a moderately noisy environment compared to

low, high, or control noise conditions314.

In a study to investigate individual differences in susceptibility to the impacts of speech

on reading comprehension, 40 students were chosen as the study sample. The speech that

was irrelevant was recorded and played at a decibel level of about 7075 on headphones.

The participants were instructed to sit in the quiet room and listen to the different speech

fragments. The first five short texts were given to the students to read, and they had 90

seconds to respond to the accompanying questions. In the following fifteen texts, they had

to choose one word from a list of four to build a sentence that was lacking one

meaningful word. The study arrived at the conclusion that irrelevant speech interfered

with reading comprehension but had no effect on task completion time315.

Similar research was done with 158 undergraduate students to determine how the physical

classroom setting affected their wellbeing and learning. It was noted that students who

were not comfortable in the classroom seemed to be more negatively impacted by the

noise level. Compared to students in the normal condition, the noise had a greater

detrimental impact on their wellbeing and performance316. In another research, subjects

were placed in two conditions: discomfort (26.7 °C, 60–65 dBA, and 2500 lx) and normal

(22.2 °C, 35 dBA, and 500 lx). Prior to taking the assessment, the students had to read a

test passage while the comprehension test employed the use of the Sentence Verification

Task (SVT). According to a study on how noise and reverberation affect adults and

children's speech perception and listening comprehension in a classroom-like
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environment, background noise has a far greater impact on listening comprehension317.

Nonetheless, background noise had less of an impact on speech perception and

performance than classroom noise performed. In the study, 94 adult participants/students,

elementary school-aged children, 108 first-grade learners, and 149 third-grade

students took part in the study. Two virtual classrooms were used for the experiment, with

two reverberation times (RT) of 0.47 and 1.1 seconds for speech perception while for the

listening comprehension, the task was performed in the room with classroom noise and

background speech. To show a misunderstanding of the matter, students must listen to

instructions and take the test.

A cross-sectional study on the effects of aircraft and road traffic noise on children’s

cognition and health was conducted. It was stated that there is a linear exposure-effect

correlation between the aircraft exposure and traffic noise, which reduces wellbeing,

learning performance and reading comprehension318. A total of 2844 students from three

different countries, aged nine to ten were used as study samples. When conducting

cognitive function tests, microphones were used to record sounds from passing cars and

aircraft both inside and outside the classroom. Parents were asked to fill out a

questionnaire about their child's perceived health, noise level, and annoyance. The

Suffolk Reading Scale, the 10 CITO (Centraal Instituute Toets Ontwikkeling) readability

index for elementary and special education, and the ECL-2 were the nationally

standardized and normed tests used for reading comprehension in this study. Finally, in

an additional study examining the impact of heat, noise, and indoor lighting on cognitive

function, it was claimed that students performed better in low-noise environments than in

high-noise ones299. The experiment was conducted in an off-white chamber that was

equipped to resemble a neutral office of low-frequency noises of 38 and 58 dBA at 21 and

27°C temperatures and 300 and 1500 lux illumination respectively. After reading a seven-
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page text describing an ancient culture, the subjects, which consisted of 128 high school

students between the ages of 18 and 19, had 130 minutes to complete 18 multiple-choice

questions and six knowledge questions.

2.3.5.4 Visual/Lighting

In a study to investigate the impact of dynamic lighting on student learning, 84 pupils

ranging in age from 7 to 8 were participated. Focus lighting (1000 lux, colour temperature

6500 K) and normal lighting (500 lux, colour temperature 3500 K) were the two lighting

conditions employed in the study. Processing speed, rule compliance, and concentration

performance were evaluated using the d2 test. It found that lighting had no influence on

students' wellbeing, motivation or concentration in their performance319. Similarly, 32

individuals were divided into two standard light conditions to examine the effects of

bright light on the working memory, attention, and concentration of elderly night shift

workers. Sixteen employees were divided into two groups: one for bright light and the

other for room light. They were required to complete three consecutive simulated night

shifts under uniform settings. While the room light group worked at 300 lux every night,

the bright light group was exposed to a moving light for four hours (3000 lux).

Additionally, the Konzentrations-Leistungs-Test (KLT-R) for mental concentration and

the Psychomotor Vigilance Test (PVT) for reaction time for sustained attention were

carried out. According to the study, when performing a concentration performance task at

night, exposure to bright light decreased error rates320. However, lighting had no obvious

effect on how well a sustained attention test was performed.

Under the white LED desk lighting, the effects of correlated colour temperature on

focused and sustained concentrations were investigated. 210 undergraduate students in

total, ranging in age from 18 to 23 years. Chu Attention Test was used to measure three

correlated colour temperatures (CCT): 2700 K, 4300 K, and 6500 K, all while keeping the
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same 500 lux of illumination. The test measures focused and sustained attention. Thus, it

was demonstrated that correlated colour temperatures have a significant impact on

concentration (CCT). Additionally, moderate condition of lighting greatly improves

sustained and focused concentration321. Furthermore, twenty students were exposed to

illuminance levels of 500 lx and 750 lx with light colour temperatures of 3000K, 4000K,

and 6500K in the course of analyzing the occupants' visual perception to improve the

indoor lighting environment for office tasks. The participants were given questionnaires

about visual annoyance, such as those about tasks, visual satisfaction with light colors,

and visual distraction. There were also computer-based and paper-based reading exercises

to identify the letters in the paragraphs. When performing tasks in the office, the

employees reported having improved and adequate visual perception or lighting322.

According to research on how indoor lighting affects cognitive performance, students did

better in high illumination environments than in low illumination conditions when

participating in indoor tasks323. In the experiment, 128 high school students were placed

in an off-white chamber with 300 and 1500 lux of illumination, set up like a neutral

workplace. The task assigned to the students was to read a seven-page text about an

ancient culture and provide answers to six multiple-choice questions and eighteen

knowledge questions. A study examining the impact of indoor lighting on mood and

cognitive function had 96 participants, ranging in age from 18 to 55 years. With two light

color temperatures (3000 K and 4000 K) and two illuminance levels (300 lux and 1500

lux), the first experiment was full factorial and kept a high color rendering index (CRI) 95.

The second experiment had the same set as the first, but with a lower colour rendering

index (CRI) 55. As an encoding-retrieval task, the recognition task was evaluated using

seven pages of compressed data related to an ancient culture. In precise, read the text and

responded to six general knowledge questions and eighteen multiple-choice questions; the
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study concluded that a light colour temperature that produced the least negative mood

improved the occupants' problem-solving skills and performance324.

In a different study, 132 participants between the ages of 18 and 44 years were used to

examine affective and cognitive responses to fluorescent lighting's unconscious flicker.

Both traditional, magnetic, low-frequency ballasts (50 Hz) and dimmable, electronic,

high-frequency ballasts (32000 Hz) are available. The study used three different types of

fluorescent tubes with temperatures of 3000K, 4000K, and 5500K along with an

embedded figure work. It follows that high frequency lighting is associated with a

noteworthy improvement in problem solving performance299. Lastly, 158 college students,

ages 17 to 49, participated in an investigation of how the physical classroom

environment affects students' perceptions and learning. The conditions that the students

were subjected to normal condition, characterized by 22.2°C, 35dBA, and 500 lx, and

uncomfortable situation, which was 26.7°C, 60–65 dBA, and 2500 lx. After reading a test

passage, the participants completed an assessment. The comprehension test was the

Sentence Verification Task (SVT). According to the study, participants' listening or

reading performance was unaffected by lighting325.

2.3.6 Relationship between IEQ Components and Wellbeing

In the assessment of thermal comfort in view of creating high quality indoor ambience in

the intelligent buildings was investigated. This is accomplished by combining objective

survey measurements of relative humidity, air and globe temperatures, and carbon

dioxide concentration at one and a half year intervals in 117 rooms alongside subjective

measurements using 1369 questionnaires to evaluate thermal sensation, acceptability, and

preference votes from the inhabitants. The outcome of the study revealed that, thermal

comfort was the most critical factor in ensuring occupant health, performance and

wellbeing in the intelligent buildings254. An investigation into the relationship between
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indoor environmental quality (IEQ) and the emergence of sick building syndrome (SBS)

symptoms in the dormitories of Nigerian private university was carried out. The study

adopted a field survey to measure 376 questionnaires that were purposefully distributed to

hostel residents in addition to measuring IEQ factors objectively. Descriptive and

inferential statistics using analysis of variance (ANOVA) were used for the collected data.

The study revealed a positive and significant correlation between SBS symptoms such as

nausea, stuffy nose, and odour and performance122.

Additionally, in a study to investigate sick building syndrome and its impacts on health,

productivity and wellbeing, the study used physical experiments and questionnaires to

conduct field surveys, and the collected data was then subjected to multiple logistic

regression modeling. The findings therefore established that symptoms of sick buildings

and low productivity were significantly correlated with low thermal comfort, high work-

related stress, excessive noise, a history of allergies or other medical conditions and poor

lighting326. It was further discovered that there was a substantial correlation between

general symptoms and age, temperature disruption, and work pressure. In Pokhara

Metropolitan, Nepal, a cross-sectional study was conducted to establish the prevalence of

sick building syndrome symptoms and related factors among bank employees. A field

study questionnaire was distributed to commercial bank employees. The outcome of the

findings showed that, there was a substantial correlation found between ocular symptoms

and workplace noise disruption 327.

A cross-sectional field survey and a 24-hour mean assessment of air conditions using an

air quality detector were used in the analysis of sick building syndrome (SBS) symptoms

and indoor air pollution in homes and offices. The data was also analyzed using statistical

tools like graphs, mean scores, analysis of variance (ANOVA), and correlation matrices.
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The dataset was further analyzed using statistical tools like graphs, mean scores, analysis

of variance (ANOVA), and correlation matrices. Thus, it was determined that there was a

substantial correlation between the health symptoms of building inhabitants, wellbeing,

productivity, and environmental indoor conditions such poor indoor air quality, loudness,

lighting, headroom in the building, room space size, and window position328. To explore

the relationship between SBS symptoms and indoor environmental quality, a Chi-square

test was performed to examine the relationship between observed health, wellbeing

productivity, and environmental variables. It was confirmed that there was no significant

correlation found between indoor environmental quality (IEQ) and nasal, ocular, throat-

related, or general SBS symptoms, but there was a statistically significant correlation

established between productivity and skin-related SBS symptoms329.

Subsequently, it was determined that a rise in perceived productivity and satisfaction with

indoor air quality was positively significant associated with a decrease in the risk of sick

building syndrome workspaces through the use of generalized estimating equation models

to examine the relationship between perceived IEQ and SBS in an Asian multi-ethnic

working population. However, there was no significant relationship found between

workspace location and SBS330. Additionally, in a warm-humid hostel environment, the

association between residents' self-reported health outcomes and performance and Indoor

Air Quality (IAQ) was examined using Pearson correlation analysis. Further research

demonstrated that the strongest association between occupants' physical health complaints

and indoor air quality, specifically, indoor carbon dioxide and particle matter

concentrations, is discovered61.

In an effort to analyze the relationship between Sick Building Syndrome symptoms and

occupants' perception of comfort with physical factors in offices at a public university in
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Malaysia, a self-administered questionnaire to gather data and measurements of

temperature, relative humidity, and air velocity were adopted. Multiple logistic

regressions were performed using IBM Statistical Package for Social Science (SPSS)

version 22.0 to analyze the data. The study found a substantial link between relative

humidity, wellbeing, health problems (SBS), and staff productivity & comfort331.

Moreover, the relationship between indoor environmental quality and sick building

syndrome in an office building was evaluated. A modified questionnaire that was

distributed to 154 office workers in conjunction with a Decision Tree (DT) model was

adopted for the study. A strong correlation between productivity, indoor environmental

quality component, and the prevalence of health complaints (SBS) was revealed as the

outcome of the study 332.

The evaluation of correlations between SBS and indoor air quality in Chinese houses

were examined. Both a self-administered questionnaire survey on occupants' health

problems and a background assessment of building characteristics in 32 Chinese

households were performed. According to the results, there is a substantial correlation

between indoor air quality and productivity, wellbeing, satisfaction, and SBS symptoms

of dry air and stuffy smells333. Lastly, a study examined the relationship between indoor

contaminants, performance in learning, and health symptoms in elementary school-aged

children and adults was conducted using measurements of indoor air pollutants from 128

homes in a cross-sectional study involving 184 elementary school children and 273

adults/adolescents in Japan. Result revealed that, dermal and mucosal health symptoms

are strongly correlated with performance in both children and adults/adolescents334.
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2.4 Conceptual Framework

A conceptual framework presents an integrated way of looking at a research problem. It is

a visual representation or narrative of the key variables or constructs of a research and the

supposed relationship between them. It is argued that the entire methodology must agree

with the variables, as well as their relationship and context. A conceptual framework

therefore provides a logical structure of how to conduct the research as well as the

variables that would explain the basic methodology for the research.

From the literature, numerous scholarly works had offered several conceptual frameworks

to explain/contextualize research design through showing the relationship between the

indicators, for assessing the objectives and the theories of the independent variables and

the dependent variable. For instance, in a model to evaluate indoor environmental quality

in dwelling homes and educational buildings through the adoption of both objective and

subjective measurements, it was shown that, thermal comfort, indoor air quality, acoustics,

and lighting as the key/primary variables of IEQ component affecting the degree of

productivity and wellbeing of the occupants 335, 336.

Thus, this study is based on the assumption that evaluation of hostel rooms’ indoor

environmental quality (IEQ) on students’ wellbeing can be assessed by identifying the

IEQ components capable of providing information regarding the levels of influence on

students’ wellbeing. This study identified a number of indicators that influences

wellbeing in the hostel rooms. Therefore, this approach leveraged on the IEQ component

dimensions of thermal comfort, indoor air quality, visual/lighting and noise/acoustic

conditions to develop a systematic analysis of most critical variables influencing students’

wellbeing in the hostel rooms. An attempt has been made at integrating all these

indicators and variables into a conceptual framework to explain the whole essence of the
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proposed research. The proposed conceptual framework for this study reflects four (4)

key objectives. These objectives are: (i) the compass orientation of the hostel buildings

and physical dimensions of the hostel rooms (ii) the adequacies of IEQ components of

thermal comfort, IAQ, lighting and acoustic (iii) the satisfaction of the students with IEQ

conditions and (iv) the impact of IEQ conditions on students’ wellbeing.

Moreover, the variables for the first objective are the building geometry, number of

rooms, number of loading, headroom, floor area, wall area, number of windows, size of

windows, area of windows, building orientation, type of windows and window positions.

The second objective has its variables as indoor rate of ventilation, Window/Floor Area

Ratio and Window/Wall Area Ratio. Furthermore, the variables for the third objective are

thermal sensation, preferences, sensations of air movement and humidity, satisfaction

level with the indoor air quality, frequency in window openings, level of satisfaction with

sound/noise, effects of noise on reading concentration, satisfaction level with overall

lighting conditions, frequency in use of natural lighting etc while the last objective

variables are level of students’ wellbeing in the hostel rooms in relation to the levels of

thermal comfort, indoor air quality, acoustic/ noise and visual/lighting.

However, based on the proposed conceptual framework for this study, it is assumed that

the evaluation of hostel rooms’ IEQ in selected universities in Oyo State, Nigeria are

integrated within the most significant indicators/variables influencing the students’

wellbeing in the study area.
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Objective 3: Satisfaction with IEQ

Figure 2.8: Researcher’s Conceptual Model
Source: Researcher’s Review, 2024
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2.5 Summary of Gap in Literature Reviewed

The reviewed literature clearly stated that Indoor Environmental Quality (IEQ) has a

significant impact on human life because inhabitants spend over two thirds of their

everyday time indoors337. As such, this issue on university dormitories is important, given

the fact that students constitute a huge population in any one building at any given

moment. It had been discovered that, prior research was primarily concerned with IEQ

and how it influenced individuals who were inhabitants of different building types,

including workplaces, dwelling homes, classrooms, hospitals, etc., with less attention paid

to the students' hostels in Nigeria. Moreover, only a limited number of IEQ research on

students’ halls of residence had been carried out 209.

Most of the studies on Indoor Environmental Quality assessments from the reviewed

literature were focused only on objective measurements, based on chamber experiments,

simulation, and modeling techniques. However, the technique of both subjective

measurement, based on occupants’ opinion (questionnaires) and objective measurement,

based on orientation of the building and physical dimensions of the indoor spaces

layout was rarely/infrequently used to assess the influence of IEQ on occupants’

wellbeing.

While it has been discovered that the nature/quality of the indoor environment in which

the students dwell has an impact on their wellbeing especially in hostels as one of the

educational building facilities, there is also a vacuum in the literature about the influences

of Indoor Environmental Quality (IEQ) on students’ wellbeing in the dormitories around

Nigeria and the entire globe 338, 339, 340. Poor indoor environmental quality in hostels may

lead to inhabitants developing diseases with a high risk factor, thus lowering their

performance and wellbeing. As a consequence, another study found that the risk factor
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that results from having an unacceptable indoor environment might cause sick building

syndrome341. This can then cause decline in the state of productivity and wellbeing152.

Thus, it was further found that unfavourable indoor building environments raise the

incidence of sick building syndrome and lower building inhabitants' productivity for

reasoning, efficiency, satisfaction and wellbeing 326, 342.

With respect to the above, this study aimed to address the gaps in the literature regarding

the influences of Indoor Environmental Quality (IEQ) on students’ wellbeing.

Specifically, it investigated the evaluation of IEQ components of hostel rooms on the

wellbeing of students dwelling in hostels at Nigerian universities. Additionally, it

explored the use of a questionnaire (subjective measurement) in combination with

physical measurement (objective measurement) of hostel rooms to ascertain or validate

the subjective feelings of the hostel occupants
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Chapter Three

Methodology

This chapter covered the procedures and techniques for evaluating IEQ components in

hostel rooms. It also examined the impact of IEQ on students' wellbeing in selected

university hostels in Oyo state, Nigeria. This methodology focused on key aspects such as

the research approach, sampling techniques, data collection methods, and analytical tools

employed in the study.

3.1 The Study Area

This study was conducted in Oyo State, Nigeria. Oyo State is an inland state in

Southwestern Nigeria, with Ibadan serving as its capital. With a projected population of

7,840,864 in 2016, it is the third most populated city in the nation and was once the

second most populous city in Africa1. Approximately 28,454 square kilometres make up

its area, and it is situated in latitude 7o51’9.25”N and longitude 3o55’52.5”E. Old, hard

rocks and dome-shaped hills make up the terrain. The hills ascend gradually from 500

metres in the southern section to 1200 metres in the northern section above sea level 2.

Oyo State has an equatorial climate, which is notable for having dry and wet seasons with

comparatively high humidity. The wet season runs from April to October, and the dry

season is between November and March. The average daily temperature is between 25oC

and 35oC during the majority of the year3. Its vegetation is characterized by guinea

savannah in the north and rain forest in the south. The thick forest in the south gives way

to grassland scattered with trees in the north3.

Additionally, Oyo state is a home to the University of Ibadan, the nation's first premier

university, as well as a number of other universities, including Atiba University, Oyo,

Abiola Ajimobi Technical University, Ibadan, Ladoke Akintola University, Ogbomoso,

Dominican University, Ibadan, Precious Corner Stone University, Ibadan, Lead City
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University, Ibadan, Ajayi Crowther University, Oyo, Kola Daisi University, Ibadan and

Dominion University, Ibadan, making a total of 10 universities sited in Oyo State.

There are four (4) selected Universities for this study. One of the selected universities,

University of Ibadan, as a study area, is situated in urban setting of Ibadan over a land

area of 2,550 acres at a latitude 7.44330N and longitude 3.90030E. Abiola Ajimobi

Technical University also situated in Ibadan on a 200 hectare of land at latitude

7014’21.9230N and longitude 3049’19.5960E while Ajayi Crowther University is located

in Oyo town on a land area of 37.02 hectares at latitude and longitude of 7.84890N and

3.94809oE respectively. Finally, Lead City University is located in urban area of Ibadan

on 5 acres of land area at latitude 7.327oN and longitude 3.880oE 2 (Appendix I).

3.2 Research Philosophy

The research philosophy refers to the scientific approach that is based on people's beliefs

and assumptions about the nature of knowledge. Research philosophy can assist in

categorizing the type of evidence required, how to collect it, and how to comprehend it in

order to discover an answer to the fundamental problem under research. Reference to

research philosophies allows researchers to answer research issues by discovering,

adapting, or even constructing research designs that go beyond existing experience and

knowledge4. Furthermore, the research philosophy is dependent on the researcher's beliefs

and assumptions about the knowledge process5. Failure to contemplate

through philosophical problems can have major consequences on the quality of

management research6. Understanding philosophical questions is important because it can

assist in understanding the research designs, through which data is gathered and

analyzed.
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Therefore, the research philosophy utilized in this work is Positivism. Positivism is an

aspect of epistemology that integrates positivist perspectives within the scope of am

investigation, and thus considered as the root paradigm of quantitative method5. It

therefore integrates quantitative crude data, more like the natural scientific approach as

well as affirming that only observable phenomena can lead to credible data5.

3.3 Research Design

The research design incorporated for this study is a Cross-sectional (descriptive and

explorative) survey. A research design is essentially a description of the purpose of the

inquiry as well as the procedure for gathering data, interpreting it, and recording the

findings7. Thus, the research design must include an explicit description of the research

problem, the techniques and approaches for acquiring information, the population to be

investigated, and the methods for processing and analyzing data8.

3.3.1 Research Strategy

The research strategy used in this study is quantitative. The strategy adopted combines

both physical dimensions of the selected hostel rooms’ layout and questionnaires, to gain

a comprehensive understanding of the hostel rooms’ Indoor Environmental Quality (IEQ)

components and its impacts on students' wellbeing so as to strengthen the understanding

of the research problems As a result, a combination of methods may be more suited to be

utilized and therefore, more preferable than one.

3.3.2 Research Approach

The adopted research approach for this study is essentially a deductive approach,

focused solely to promptly collect huge amounts of data, typically collected through

quantitative data, gotten from the samples and thus analyzed descriptively and

inferentially5. This deductive approach is usually used in quantitative research where

numerical data is collected and analyzed. It is also a Top-down approach which
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commences with a general theory or hypothesis and then tests it with collected

observations or data to make specific conclusion.

3.4 Study Population

The context of study population/unit of analysis for this study consisted of three tiers of

target of investigation. These are: universities, hostels, and students. The students who

reside in hostels make up the study population.

3.4.1 Selection of Universities as the First Tier of Target of Investigation

In this study, the selection of universities as the first tier of unit of analysis/study

population was derived using a two-stage sampling technique. This involves a

sampling plan in which sampling is carried out in phases, utilizing sampling frames at

each stage. The sampling stages for this research are as follows:

3.4.1.1 Stage 1: Stratified Sampling

This entails dividing the population into discrete groups or strata that do not overlap, and

then selecting the study sample from the stratum using random sampling. Thus, in this

study, all ten (10) universities situated in Oyo State as at the time of the study were

stratified into three strata according to their ownership status. These include one (1)

Federal, two (2) State, and seven (7) Private owned universities.
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Table 3.1: Stratification of Universities Situated in Oyo State

S/N Name of the Institutions Location Ownership

Status

Hostel

Purposely

Built?

1. University of Ibadan Ibadan Federal

Government

Yes

2. Ladoke Akintola University of

Technology

Ogbomoso

State

Government

Yes

3. Abiola Ajimobi Technical

University, Ibadan

Ibadan Yes

4. Ajayi Crowther University Oyo

Faith

based

Non-

Faith

based

Private

Yes

5. Dominican University Ibadan Nil

6. Precious Corner Stone

University

Ibadan Nil

7. Lead City University Ibadan Yes

8. Kola Daisi University Ibadan Yes

9. Atiba University Oyo Nil

10. Dominion University Ibadan Nil

Source: Field Survey, 2024

3.4.1.2 Stage 2: Stratified Random Sampling

This is a type of sampling in which a unit is chosen at a predetermined interval within the

population, e.g. the kth unit. As a result, one unit of university was chosen at random

from each of the strata of Federal and State-owned institutions, while a unit each was

chosen at random from the strata of Faith-based and Non-based Private-owned

universities. Thus, the University of Ibadan (Federal Government), Abiola Ajimobi

Technical University (State Government), Ajayi Crowther University (Faith-based

Private) and Lead City University (Non-Faith-based Private) owned universities students'

hostels were selected through stratified random sampling, as the first tier of target of

investigation or primary study areas.
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3.4.2 Selection of the Second and Third Tiers of Target of Investigation

The second and third tiers of target of investigation were identified from the database of

students residing in dormitories in each selected institution. This was collected from the

Hall Administrators/Wardens of each hostel. This was done to determine the overall

number of students to be utilized as the study's population (Tables 3.2 – 3.6).

Table 3.2: Profile of Hostel Facilities within University, Ibadan

Name of Hall Level of Study Gender Students

Population

Obafemi Awolowo Undergraduate/Post-graduate Female 1,618

Independence Undergraduate Male 847

Queen Idia Undergraduate Female 1300

Nnamdi Azikiwe Undergraduate Male 940

Mellanby Undergraduate Male 509

Sultan Bello Undergraduate Male 566

Queen Elizabeth Undergraduate Female 1600

Kuti Undergraduate Male 557

Tafawa Balewa Postgraduate Mixed 207

Abdulsalam Abubakar Postgraduate Mixed 790

Tedder Undergraduate Male 540

Total 9474

Source: University of Ibadan, Hall Administrator/Warden’s Database, 2023

Table 3.3: Profile of Hostel Facilities within Abiola Ajimobi Technical University,
Ibadan

Name of Hall Level of Study Gender Students

Population

Tech U Hall Undergraduate Mixed 112

El-Salem Hall Undergraduate Mixed 384

Total 496

Source: Abiola Ajimobi Technical University, Ibadan, Hall Administrator/Warden’s
Database, 2023
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Table 3.4: Profile of Hostel Facilities within Ajayi Crowther University, Oyo

Name of Hall Level of Study Gender Students

Population

ACU Female Hostel Undergraduate Female 650

Ibadan Hostel Undergraduate Male 350

Lagos Hostel Undergraduate Male 300

Joseph Adetiloye Hostel

(JAH)

Undergraduate Male 650

Diocese of Lagos West

Hostel

Undergraduate Female 700

Shepherd-Inn Undergraduate Male 180

Goshen Undergraduate Female 80

ACU Male Hostel Undergraduate Male 70

Total 2980

Source: Ajayi Crowther University, Oyo Hall Administrator/Warden’s Database, 2023

Table 3.5: Profile of Hostel Facilities within Lead City University, Ibadan

Name of Hall Level of Study Gender Students

Population

Champions Hall Undergraduate Male 106

Wisdom Hall Undergraduate Male 148

Independence Hall Undergraduate Male 202

Victory Hall Undergraduate Female 140

Achievers Hall Undergraduate Female 122

Exodus Hall Undergraduate Male 480

Block L Undergraduate Female 124

Block C Undergraduate Female 118

Block U Undergraduate Male 206
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Block I Undergraduate Male 108

Hibiscus I & II Undergraduate Mixed 128

Maintenance Hall Undergraduate Male 24

Peace I & II Undergraduate Male 150

Proverb Hall Undergraduate Female 96

Revelation I & II Undergraduate Female 128

Camp David I, II, III & IV Undergraduate Female 392

BOT Undergraduate Female 232

Jackson Undergraduate Female 108

Total 3,012

Source: Lead City University, Ibadan, Hall Administrator/Warden’s Database, 2023

In this regard, a total study population of 15962 was gotten as detailed thus:

Table 3.6: Overall Total Study Population

Study Area Population

University of Ibadan 9474

Abiola Ajimobi Technical University 496

Ajayi Crowther University 2980

Lead City University 3012

Total Study Population 15962

Source: Compilation from Hall Administrators/Warden’s Database, 2023

3.5 Sample and Sampling Techniques

The process of selecting participants for a research study is known as sampling and a

sample size is chosen from the study population 9, 10. Sampling can be used as a tool when
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the research population is too broad to study as a whole. As a result of this, a

representative sample of the population must be selected for the research work.

3.5.1 Sampling Frame

Sampling frame can be described as the complete list of all units or elements from which

the sample is selected in all study areas. The primary sampling frame for this research

was drawn from selected University of Ibadan (Federal-owned), Abiola Ajimobi

Technical University (State-owned), Ajayi Crowther University (Faith based-owned) and

Lead City University (Non-Faith based-owned) students’ hostels (Tables 3.2, 3.3, 3.4 and

3.5). Hence, the sampling frame covers the overall number of students in all halls of

residence in all the study areas. Therefore, the population of students in the University of

Ibadan hostels, Abiola Ajimobi Technical University hostels, Ajayi Crowther University

hostels and Lead City University hostels are 9,474; 496; 2,980 and 3,012 respectively as

at the time of this research, totaling 15962 students (Table 3.6).

3.5.2 Sampling Size Determination

However, it is usually not practicable to collect data from every unit of the relevant

population of study11 12. However, in this study, Yaro Yamane's sample size computation

was employed to calculate the overall number of questionnaires distributed in each study

area. Therefore, the statistical formula for determining the minimum sample sizes by

Yaro Yamane is stated as thus:

n = N/1+Ne2 where: n = samples size; N= population for the study; e = margin of error ±

5% precision and confidence level ± 95%; 1 = constant (unity).

In this regard, using the above Yaro Yamane formula, the sample size results for each

study area were hereby illustrated in the Table 3.7. In order to accommodate non-

response, the adjusted value was derived adopting a non-response rate of 7.5%. Therefore,

the minimum sample size for each study area is thus derived as:
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Table 3.7: Primary Sample Sizes for the Study Area

Study Area Sampling

Population

Sample

Size (n =

N/1+Ne2)

Allowable

7.5% for

Non-

Response

Total

Sample

size

University of Ibadan 9474 384 26 410

Abiola Ajimobi

Technical University

496 221 19 240

Ajayi Crowther

University

2980 353 27 380

Lead City University,

Ibadan

3012 353 27 380

Total 15962 1311 99 1410

Source: Hall Administrators/Warden’s Database, 2023

3.5.3 Sampling Technique for Data Collection

The sampling technique to administer the questionnaire for data collection in each study

area was random technique. In this regard, the questionnaires were distributed randomly

to the students based on Probability Proportion to Size (PPS) as regard to the composition

of the students’ population in the hostel rooms for better precision. Therefore, the

Probability Proportion to Size was used to calculate the size of the samples in each hostel

of each respective study area. Therefore, the Probability Proportion to Size (PPS) or the

sampling fraction for better precision is calculated as: n/N*100. Where: n = samples size

of the study area; N= population of the study area.

For instance, the Probability Proportion to Size for University of Ibadan is thereby

calculated as thus: 410/9474*100 equals 4.33%
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Table 3.8: The Sample Size based on the PPS for University, Ibadan Hostels

Name of Hall (A) Students Population

(B)

Sample Size with PPS

4.33% (4.33%*B)

Obafemi Awolowo 1,618 70

Independence 847 37

Queen Idia 1300 56

Nnamdi Azikiwe 940 41

Mellanby 509 22

Sultan Bello 566 25

Queen Elizabeth 1600 69

Kuti 557 24

Tafawa Balewa 207 9

Abdulsalam Abubakar 790 34

Tedder 540 23

Total Sample Size 410

Source: Hall Administrators/Warden’s Database, 2023

Also, the Probability Proportion to Size for Abiola Ajimobi Technical University, Ibadan

Hostel is calculated as thus: 240/496*100 equals 48.4%

Table 3.9: The Sample Size based on the PPS for Abiola Ajimobi Technical University,
Ibadan Hostels

Name of Hall (A) Students Population

(B)

Sample Size with

PPS 48.4%

(48.4%*B)

Tech U Hall 112 54

El-Salem Hall 384 186

Total Sample Size 240

Source: Hall Administrators/Warden’s Database, 2023

The Probability Proportion to Sampling for Ajayi Crowther University, Oyo Hostel is

calculated as thus: 380/2980*100 equals 12.75%.
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Table 3.10: The Sample Size based on the PPS for Ajayi Crowther University, Ibadan
Hostels.

Name of Hall (A) Students

Population (B)

Sample Size with PPS

12.75% (12.75%*B)

ACU Female Hostel 650 83

Ibadan Hostel 350 45

Lagos Hostel 300 38

Joseph Adetiloye Hostel

(JAH)

650 83

Diocese of Lagos West Hostel 700 89

Shepherd-Inn 180 23

Goshen 80 10

ACU Male Hostel 70 9

Total Sample Size 380

Source: Hall Administrators/Warden’s Database, 2023

However, the Probability Proportion to Size for Lead City University, Ibadan Hostel is

calculated as thus: 380/3012*100 equals 12.62%.

Table 3.11: The Sample Size based on the PPS for Lead City University, Ibadan Hostels

Name of Hall (A) Students Population

(B)

Sample size with PPS

12.62% (12. 62%*B)

Champions Hall 106 13

Wisdom Hall 148 19

Independence Hall 202 25

Victory Hall 140 18

Achievers Hall 122 15

Exodus Hall 480 61

Block L 124 16

Block C 118 15

Block U 206 26

Block I 108 14

Hibiscus I & II 128 16

Maintenance Hall 24 3
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Peace I & II 150 19

Proverb Hall 96 12

Revelation I & II 128 16

Calm David I, II, III & IV 392 49

BOT 232 29

Jackson 108 14

Total Sample Size 380

Source: Hall Administrators/Warden’s Database, 2023

3.6 Description of the Research Instrument

3.6.1 Instrument for Data Collection and Design

Physical dimension of hostel rooms’ layout including the compass orientation of the

selected hostel buildings obtained during physical visitation were converted to

architectural drawings to collect information on the building geometry, building

orientation, numbers of floors, numbers of loadings, headroom, floor area, wall area,

window size, window area etc, In conjunction with this, a structured questionnaire was

adopted, as the research instrument for collecting primary information for this study.

Hence, the questionnaire was divided into three (3) sections. The first segment was

intended to collect data on the students' socio-economic information. The second section

sought information on students' satisfaction with the IEQ conditions in the hostel rooms,

while the third section sought for the levels of students’ wellbeing in the hostels rooms.

As a result, the questionnaire was designed with closed-ended questions lined with likert

rating scales for precise responses, as well as some open-ended questions so that

respondents may provide more extensive and in-depth information.

3.6.2 Data Collection and Treatment for the Research Objectives

3.6.2.1 Objective One: To determine the compass orientation of the hostel buildings and

physical dimensions of the selected hostel rooms in the study area.
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Data Characteristics: Data for this objective are quantitative in nature with

Nominal/Ratio as scale of measurement. This data was set to analyze the hostels’

geometry, number of floors, number of loading, indoor headroom, floor area, wall area,

window (type, size, number, area and orientation) and window position of each selected

hostel room.

Data Source: The data was derived from physical dimensions of some selected hostel

rooms’ layout and converted to detailed and measured architectural building drawings.

Data Analysis: The results of the data obtained from physical dimensions of the selected

hostel rooms’ layout were presented in tables, analyzed descriptively and exploratively.

3.6.2.2 Objective Two: To examine the adequacies of IEQ components of thermal

comfort, IAQ, lighting and acoustic in the study area

Data Characteristics: Data for this objective are quantitative and Ratio as scale of

measurement. These data were set to analyze the parameters of Window- to-Floor Area

(WFR) Ratio, Window-to-Wall Area (WWR) Ratio and Rates of Indoor Ventilation in the

hostel rooms.

Data Source: The data were extracted/analyzed from the descriptive analysis obtained

from the physical dimensions of the selected hostel rooms’ layout.

Data Analysis: Descriptive analysis was used for the results. This involved the

presentation of the result in tables, adopting thermo-spatial analysis calculations.

3.6.2.3 Objective Three: To examine the satisfaction of the students with the Indoor

Environmental Quality conditions in the hostel rooms of the selected universities

Data Characteristics: The data for this objective is quantitative in nature and Ordinal as

a scale of measurement. The data was set to evaluate the students’ satisfaction on indoor

environmental quality conditions of the sampled hostels. Here, the student occupants have



153

to rate their perceived opinions on thermal, indoor air quality, acoustic/noise and

visual/lighting variables of IEQ in the sampled hostels.

Data Source: The data was obtained from the students of the hostels through the

administered questionnaire in likert ratings. A random sampling technique based on

Probability Proportion to Size (PPS) was utilized for the distribution of questionnaire to

students in all sampled hostels.

Data Analysis: Data analysis based on responses from closed ended questionnaires from

respondents of the students’ hostel were analyzed using descriptive statistics (Percentages,

Cross tabulation etc) and inferential analysis (Chi-square, and Post-hoc test).

3.6.2.4 Objectives Four: To establish the impact of IEQ conditions on students’

wellbeing in the hostel rooms of the selected universities.

Data Characteristics: The data for this objective is quantitative in nature with Ordinal

and Nominal as scale of measurements. The data is set to extract information on the

students’ wellbeing levels and establishing the impact of IEQ components on the

students’ wellbeing.

Data Source: The data was got from the respondents through structured questionnaire.

Also, a random sampling technique based on Probability Proportion to Size (PPS) was

employed to distribute questionnaires in the sample dormitories.

Data Analysis: Data was analyzed using descriptive statistics (frequency, cross-

tabulation and percentages) and inferential analysis (Regression Analysis).
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Table 3.12: Data Collection and Treatment for the Research Objectives

Objectives Research
questions

Source Variables Scale of
Measurement

Method of Data
analysis

1. Determine the
compass
orientation of the
hostel buildings
and physical
dimensions of the
hostel rooms in the
study area

2. Examine the
adequacy of IEQ
components of
thermal comfort,
IAQ, lighting and
acoustic in the
study area

What are the
compass
orientation of the
hostel buildings
and the physical
dimensions of
the selected
hostel rooms in
the study area?

How adequate
are the IEQ
components of
thermal comfort,
IAQ, lighting and
acoustic of the
selected hostel
rooms in the
study area?

Field Survey
(Physical dimensions of
hostel rooms’ layout)

Field Survey
(Extracted from the
descriptive analysis got
from the physical
measurements of the hostel
rooms’ layout)

Hostel geometry,
orientation, Number of
floors, Number of
loading, Headroom,
Floor area, Wall area,
Type of window,
Window positions and
Window size, number,
area etc

Rates of Indoor
Ventilation,
Window/Floor Area
Ratio and
Window/Wall Area
Ratio

Nominal and Ratio

Ratio

Descriptive
analysis in tables
and exploratively
analyzed

Descriptive
analysiss in tables,
adopting thermo-
spatial analysis
calculations
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3. Investigate the
satisfaction of the
students with the
Indoor
Environmental
conditions in the
hostel rooms of the
selected universities

What are the
levels of
students’
satisfaction with
the Indoor
Environmental
Quality
conditions in the
hostel rooms?

Field Survey
(Questionnaire
administration)

Level of thermal
comfort sensation,
hostel room
temperature, air
quality,
moisture/humidity,
acoustic/ noise,
visual/lighting

Ordinal Descriptive
(Percentages,
Cross-tabulation)
and Inferential
(Chi-square test,
Post-hoc test)
statistics

4. Investigate the
impact of IEQ
conditions on
Students’ wellbeing
in the hostel rooms
of the selected
universities

What are the
impacts of IEQ
conditions on the
students’
wellbeing in the
hostel rooms of
the selected
universities?

Field Survey
(Questionnaire
administration)

Effect of IEQ on
concentration to
reading, IEQ effects on
productivity, Rating
sleep quality level, Rate
of motivation to wake
up, Effect of IEQ on
health status etc

Ordinal and Nominal Descriptive
statistics
(frequency, cross-
tabulation and
percentages) and
inferential analysis
(Regression
Analysis).

Source: Researcher’s Review, 2024
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Table 3.13: Operationalization of Variables for the Study Objectives 1 and 2

Objectives Variables Data Type

Objective 1

Building Geometry Nominal
Number of Rooms Nominal
Number of loading Nominal

Headroom Ratio
Floor Area Ratio
Wall Area Ratio

Number of Windows Nominal
Size of Windows Ratio
Area of Windows Ratio

Building Orientation Nominal
Type of Windows Nominal
Window Positions Nominal

Objective 2 Rates of Indoor Ventilation Ratio
Window/Floor Area Ratio Ratio
Window/Wall Area Ratio Ratio

Source: Researcher’s Review, 2024

Table 3.14: Operationalization of Variables for the Study Objectives 3 and 4

Part A: Socio-Economic Information of the Students
SN Concepts &

Questions

Variables and Measurements Data

Type

1. Age Years: Below 18 (1); 18-20 (2); 21-23 (3); 24-26(4); 27

and above (5)

Interval

2. Gender Male (1); Female (2); Others (3) Nominal

3. Body Weight (in

Kg)

40 and below (1); 41-50 (2); 51-60 (3); 61-70 (4); 71-80

(5); 81-90 (6); 91-100 (7); 100 and above (8);

Interval

4. Number of

Occupants

1-2 students (1); 3-4 students (2); 5-6 students(3); 7-8

students (4); More than 8 students (5).

Interval

5. Period of

occupancy

1-2 months (1); 3-4 months (2); 5-6 months (3); 7-8

months(4); 9-10 months (5); 11-12 months (6).

Interval

6. Time spent per day

indoor

Morning (1); Afternoon (2); Night (3). Nominal

7. Average Duration

spent per day

indoor.

3-5 hrs (1); 6–8 hrs (2); 9–11 hrs (3); 12–14 hrs (4);

15-17 hrs (5).

Interval
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Part B (Section I): Thermal Comfort Assessment

1. Thermal

Sensation

(Morning,

Afternoon &

Night).

7-point ASHRAE Likert Scale:

Cold (1); cool (2); Slightly cool (3); Neutral (4); Slightly

warm (5); Warm (6); Hot (7);

Ordinal

2 Thermal

Preferences

(Morning,

Afternoon &

Night).

5-point ASHRAE Likert Scale:

Much cooler (1); Cooler (2); No change (3); Warmer (4);

Much warmer (5).

Ordinal

3 Air Movement

Sensation

(Morning,

Afternoon &

Night).

5-point ASHRAE Likert Scale:

Excellent (1); Very Good (2); Good (3); Fair (4); Poor

(5).

Ordinal

4 Humidity

Sensation

(Morning,

Afternoon &

Night).

5-point ASHRAE Likert Scale:

Dry (1); Slightly dry (2); No change (3); Slightly humid

(4); Humid (5).

Ordinal

5 Overall Thermal

comfort vote

5-point ASHRAE Likert Scale:

Very-uncomfortable (1); Slightly-uncomfortable (2);

Neutral (3); Slightly-comfortable (4); Very-comfortable

(5).

Ordinal

Part B (Section II): Indoor Air Quality Assessment

1 Satisfaction level

with the indoor air

quality

5-point Likert Scale:

Very dissatisfied (1); Slightly dissatisfied (2); Neutral

(3); Slightly-satisfied (4); Very satisfied (5).

Ordinal

2 Frequency in

window openings

5-point Likert Scale:

Never (1); Rarely (2); Sometimes (3); Often (4); Always

(5).

Ordinal
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3 Air is smelly 5-point Likert Scale:

Extremely smelly (1); Moderately smelly (2); Somewhat

smelly (3); Slightly smelly (4); Not at all smelly (5).

Ordinal

4 Air is dusty 5-point Likert Scale:

Extremely dusty (1); Moderately dusty (2); Somewhat

dusty (3); Slightly dusty (4); Not at all dusty (5).

Ordinal

5 Air is stuffy Very stuffy (1); Stuffy (2); Neutral (3); Fresh(4); Very

fresh (5).

Ordinal

Part B (Section III): Acoustic/Noise Assessment

1 Level of

satisfaction with

sound/noise

5-point Likert Scale:

Very dissatisfied (1); Slightly dissatisfied (2); Neutral

(3); Slightly-satisfied (4); Very satisfied (5).

Ordinal

2 Satisfaction level

with the quality of

speech

communication

5-point Likert Scale:

Very dissatisfied (1); Slightly dissatisfied (2); Neutral

(3); Slightly-satisfied (4); Very satisfied (5).

Ordinal

3 Effects of Noise

on concentration to

reading.

Yes (1); No (2); Neutral (3). Nominal

Part B (Section IV): Visual/Lighting Assessment

1 Satisfaction level

with overall

lighting

conditions.

5-point Likert Scale:

Very dissatisfied (1); Slightly dissatisfied (2); Neutral

(3); Slightly-satisfied (4); Very satisfied (5).

Ordinal

2 Satisfaction level

with reflection and

glare

5-point Likert Scale:

Very dissatisfied (1); Slightly dissatisfied (2); Neutral

(3); Slightly-satisfied (4); Very satisfied (5).

Ordinal

3 Frequency in use

of natural lighting.

5-point Likert Scale:

Always (1); Often (2); Sometimes (3); Rarely (4); Never

(5).

Ordinal

4 Frequency in

controlling/adjusti

ng lighting.

5-point Likert Scale:

Always (1); Often (2); Sometimes (3); Rarely (4); Never

(5).

Ordinal
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5 Methods of

controlling/

adjusting lighting.

Window blinds/shades (1); Light dimmer (2); Light

switch (3); Wall bracket light (4); None (5).

Nominal

6 Satisfaction with

the

electrical/artificial

lighting.

5-point Likert Scale:

Very dissatisfied (1); Slightly dissatisfied (2); Neutral

(3); Slightly-satisfied (4); Very satisfied (5).

Ordinal

7 Average period in

use of

electrical/artificial

lighting.

1-2 hours (1); 3-4 hours (2); 5-6 hours (3); 7-8 hours (4);

More than 8 hours (5).

Interval

8 Level of lighting

sufficiency for

reading ability

5-point Likert Scale:

Very insufficient(1); Insufficient (2); Unsure (3);

Sufficient (4); Very sufficient (5).

Ordinal

9 Effect of Lighting

on reading ability.

Yes (1); No (2); Neutral (3). Nominal

Part C: Level of Students’ Wellbeing in the Hostel Rooms.

1 Extent of the effect

of IEQ

components on

concentration to

reading

5-point Likert Scale:

No effect (1); Minor effect (2); Neutral (3); Moderate

effect (4); Major effect (5).

Ordinal

2 IEO component

affecting student’s

productivity.

5-point Likert Scale:

Extremely affected (1); Very affected (2); Moderately

affected (3); Slightly affected (4); Not at all affected (5).

Ordinal

3 Rating sleep

quality level.

5-point Likert Scale:

Poor (1); Fair (2); Good (3); Very good (4); Excellent (5).

Ordinal

4 Rate of motivation

to wake up for

daily academic

activities every

morning.

5-point Likert Scale:

Very low (1); Low (2); Neutral (3); High (4); Very high

(5).

Ordinal
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Sources 13, 14, 15.

3.7 Pilot Test

To increase the chances of the study's success, a pilot study of the students' dormitories

was conducted as part of the design. The pilot survey was conducted to evaluate the

validity and reliability of the tool that was utilized for the field evaluation. The

instrument's strengths and weaknesses were also examined in the pilot study16.

Additionally, the pilot survey was conducted to determine whether or not the data

collection and analysis approach could be problematic. The feasibility study also assessed

the data collection process, which comprised distributing and collecting the administered

questionnaire.

In this regard, a pilot survey was conducted in June 2023, in the students’ hall of

residence of Lead City University using questionnaires designed to elicit information

from the respondents in order to test the instrument's strengths and weaknesses and to

determine whether the questions in the questionnaire were complicated or not. The

responses were reviewed to ensure that the questions in the various sections of the

questionnaire were understood clearly. For example, several respondents, particularly

non-science students, did not understand the technical terms used in the questions about

5 Effect of existing

indoor condition

on health status.

Yes (1); No (2); Neutral (3). Nominal

6 Indication on any

health symptom

frequently

perceived

Headache ( ); Dizziness ( ); Fatique ( ); Dry/Irritated

skin ( ); Irritated nose & throat ( ); Irritated eyes ( );

Asthma ( ); Cold hands & feet ( ); Coughing ( );

Concentration difficulty ( ).

Nominal

7 Rating student’s

performance in

academic

activities.

5-point Likert Scale:

Very low (1); Low (2); Average (3); High (4); Very

high(5).

Ordinal
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indoor air quality and thermal comfort. These terms were explained to the affected

students and were later attended to, in the questionnaire. Pre-testing the questionnaires

assisted in redesigning the affected questions prior to the final administration of the

research instruments in the field work, as well as in ensuring internal consistency of the

research instrument. Thus, the results of the pilot survey demonstrated that the instrument

adopted is suitable and not exceedingly complicated for the respondents within the study

area.

3.8 Reliability of Research Instrument

The reliability test was conducted to ensure measurement stability, accuracy, and

precision. A valid questionnaire should yield similar findings when administered at

different times. Reliability assists in detecting biases and flaws in the design of a

questionnaire16. The reliability test of a measuring device determines the results' internal

consistency. The reliability of a test instrument is typically expressed as a coefficient

known as "Cronbach's alpha"17. To assess overall item correlation within the scale of

measurement utilized in this study, a reliability check using Cronbach's coefficient alpha

was performed on the survey data. An instrument's reliability is high if the Cronbach

alpha coefficient is above or equal to 0.7016, 18.

Moreso, a scale of measurement can be considered reliable if the coefficient α is ≥ 0.70.

Reliability is deemed reasonable and respectable within the range of 0.70<α≤0.80, and

very good when α > 0.8019, 20. On the other hand, depending on construct fitness, a

Cronbach alpha coefficient reliability score of 0.50 to 0.60 could be considered adequate

and suitable21. When employing an existing or established instrument for a study that has

already been tested for reliability, it is critical that the reliability test is repeated because it

is being utilized in a different study and with different participants. Similarly, the

reliability of an instrument varies from one type of research to the next, as well as from
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one participant group to the next22. The instrument validity test was based on students'

subjective survey data gathered during the time frame of measurement from one of the

study areas.

Therefore, according to the reliability test for this study instrument (questionnaire) that

was carried out in one of the study areas (Lead City University’s students’ hostels), it was

found that the results of the Cronbach's coefficient alpha of the instrument's reliability are

α ≥ 0.70 and α>0.80 for objectives 4 and 5 respectively. Thus, these results signified that

the instrument (questionnaire) is reliable, acceptable or very good19 20. The result of

reliability scales of measurement are as follow:

Table 3.15: Reliability Test Result for the Objectives (Ordinal Variables)

Source: Researcher’s Review, 2024

3.9 Data Source

This section explains the commonly used data collection methods as well as their

respective data analysis methods. The term methods refer to the tools that are used in

collecting and analyzing data. Data may be collected from primary or secondary sources23,

8. Primary source is either qualitative techniques involving the use of conversation and in-

depth semi-structured/structured interviews or quantitative data involving the use of

structured surveys/questionnaire, attitude scaling and field equipment to collect

Objectives Cronbach’s Alpha No of Items

Objective 1 - -

Objective 2 - -

Objective 3 0.703 18

Objective 4 0.818 4
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information/data or both24, 10. On the other hand, secondary data refers to information,

which already exists; for instance, archival records, company documentation, publications,

and annual reports.

Therefore, data for this study was collected from both primary and secondary sources.

The primary source of data collection was through the quantitative aspect of physical

measurement of hostel rooms’ layout in conjunction with the structured questionnaires

administered to sampled students. Regarding this, random sampling technique based on

Probability Proportion to Size (PPS) was employed for the distribution of questionnaire to

the student occupants in the selected hostels. However, secondary data was sourced from

the existing publications.

3.10 Methods of Data Analysis

Data analysis is a process of generating, developing, and verifying data. The process

develops with the acquisition of data. The quantitative analysis was adopted during data

collection. This was achieved by recording and interpreting analytical insights drawn

from the data collection during fieldwork. The data analysis processing involved data

editing, coding, statistical adjustment of the data and data analysis & interpretation.

In this study, the obtained data from the physical dimensions of the hostel rooms’ layout

(hostels’ geometry, number of floors, number of loading, indoor headroom, floor area,

wall area, window (type, size, number, area and orientation) and window position) for

each selected hostel room were analyzed. Also, the use of thermo-spatial analysis

calculations to obtain the rate of indoor ventilation, Window/Floor Area Ratio and

Window/Wall Area Ratio was further descriptively analyzed. Furthermore, the obtained

data from the field via the usage of Likert rating scale questionnaires was quantitatively
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analyzed, edited, coded, adjusted and fed into a software named Statistical Package for

Social Science (SPSS) which was further descriptively and inferentially analyzed.

3.11 Ethical Approval

In order to minimize oversight, prevent fabrication and falsification, promote knowledge

and the truth, and prevent human rights violations during the research process, ethical

considerations must be taken into account when authenticating data gathering. It is critical

for establishing confidence with participants in this research because it includes

interacting with individuals in hostel rooms while upholding their rights. The participants

in this research gave their full approval and their confidentiality was guaranteed to remain

secure during the administration of the questionnaires. Since no information would be

connected to any participant directly, the strictest standards of confidentiality and

anonymity were upheld when presenting the findings. Respondents were given a clear

explanation of the study's aim and objectives, alongside the steps involved, to ensure that

the information they provided was accurate and free from external influences. Since the

data was securely saved to prevent unauthorized access, the opinions of the participants

will be honoured.
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Chapter Four

Results and Discussion of Findings

This chapter presents the results and discussion of data collected and analyszed in the

field survey. Physical measurement of selected hostel rooms’ layout was carried out and

transformed into architectural drawings. Furthermore, between the months of July and

November, 2023; a total of 1410 questionnaires were administered to students in hostels

of four (4) Universities, stratified and randomly selected from ten (10) Universities in

Oyo State, Nigeria. Out of these, 1372 questionnaires were retrieved and analyzed

accordingly. This represented an acceptable 97.3% response rate of the 1410 sample size

for the survey.

4.1 Presentation of Data

4.1.1 Research Question One: What are the orientation of the hostel buildings and the

physical dimensions of the selected hostel rooms in the study area?

Based on the highest number of occupants in each student’s dormitory in respective

selected universities’ hostels as at the time of this study; the result in Table 4.1 captured

the breakdown of compass orientation of the hostel buildings and the physical dimensions

of the selected hostel rooms. The selected hostel rooms are Obafemi Awolowo hostel

representing University of Ibadan; El-Salem hall representing Abiola Ajimobi Technical

University; Exodus hall representing Lead City University while Diocese of Lagos West

hostel representing Ajayi Crowther University. The variables measured and considered

for each selected hostel room are Building geometry; Building orientation; Number of

floors; Number of loading; Headroom; Floor and Wall areas; Window number, size &

area, Type of window and Window position to each other.
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Table 4.1: Physical Measurement of Selected Hostel Rooms’ Layout

Institution Geometry No of
floors

No of
loading
on
Corrid
or

Head
room
(m)

Floor
Area of
Typical
Room
(m2)

Wall
Area
(m2)

Windows Type of
Window

Window
Position
to each
other

No Size

(m2)

Area

(m2)

Orientation

University

of Ibadan

U-Shaped Seven Single 3.0 11.39 9.1

9.1

One

One

1.8x1.5

1.2x1.5

2.7

1.8

E-W or

N-S

Sliding Opposite

Abiola

Ajimobi

Technical

University

Enclosed

courtyard

Shaped

Two Single 3.0 15.12 10.8

10.8

Two

Two

0.9x1.2

0.9x1.2

1.08

1.08

SE-NW Sliding Opposite

Lead City

University

I-Shaped Three Double 3.0 21.84 11.7

11.7

One

One

1.2x1.2

1.2x1.2

1.44

1.44

SE-NW Sliding Opposite

Ajayi

Crowther

University

U-Shaped Four Single 3.45 40.8 20.7

20.7

Two

One

0.9x1.8

1.2x1.8

1.62

2.16

N-S or

E-W

Sliding Opposite

Source: Researcher’s Field Survey, 2024 (Extracted from Appendices III-VI)
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4.1.1.1 Building Geometry

The Obafemi Awolowo hostel (University of Ibadan) and Diocese of Lagos West hostel

(Ajayi Crowther University) buildings were designed in a U-shaped or partially enclosed

building form while, Exodus hall (Lead City University) and El-Salem hall (Abiola

Ajimobi Technical University, Ibadan) were designed in I-shaped (Linear) and fully-

enclosed courtyard shaped respectively. Building geometry is a critical aspect and factor

in achieving satisfactory and comfortable IEQ conditions in the indoor.

A related research identified that, U-shaped buildings provide and promote a more

satisfactorily natural light and ventilation than fully-enclosed courtyard and I-shaped

building geometries. Moreso, I-shaped building geometry increases heat gain and heat

loss due to the larger surface area-to-volume ratio and it can be more prone to noise

pollution due to larger surface area exposed to external noise sources1. Furthermore,

building geometry can significantly influence IEQ conditions, hence, promoting

occupants’ satisfaction, health, productivity and wellbeing 2.

Therefore, Obafemi Awolowo hostel (University of Ibadan) and Diocese of Lagos West

hostel (Ajayi Crowther University) buildings with a U-shaped geometry were

satisfactorily designed better than I-shaped and fully-enclosed courtyard geometric

buildings of Exodus hall (Lead City University) and El-Salem hall (Abiola Ajimobi

Technical University) respectively.

This implies that U-shaped geometrical designs provide satisfactory, comfortable and

quality indoor ambience conditions, with enhanced occupants’ productivity and wellbeing

than I-shaped building designs.
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4.1.1.2 Number of Floors

The Obafemi Awolowo hostel (University of Ibadan) is a 7-floor building; El-Salem hall

(Abiola Ajimobi Technical University, Ibadan) is a 2-floor building while Exodus hall

(Lead City University) and Diocese of Lagos West hostel (Ajayi Crowther University) are

3-floor and 4-floor buildings respectively.

A research confirmed that, taller building reduces natural light availability on lower floors,

increases noise levels due to additional sources and reverberation, and heat stratification

occurrence in taller building leading to temperature differences between floors.3, 4.

Furthermore, in taller building, pollutant distribution and concentration can vary by floors

due to ventilation rates and source locations, and accumulation of moisture varies by

floors due to differences in occupancy, ventilation and temperature 5.

However, hostel rooms of Abiola Ajimobi Technical University with least number of

floors provide a better and more satisfaction in the indoor than others with the least

satisfaction from the University of Ibadan. The implies that, adequate natural lighting is

provided in a low-rise building with reduced noise level, indoor air pollutant and less

accumulation of moisture in the indoor thus promoting occupants’ satisfaction and

wellbeing.

4.1.1.3 Number of Loading

The Obafemi Awolowo hostel (University of Ibadan); Diocese of Lagos West hostel

(Ajayi Crowther University) and El-Salem hall (Abiola Ajimobi Technical University)

were single banked buildings while Exodus hall (Lead City University, Ibadan) was

double banked.

Single banked buildings enhance and improve natural ventilation & lighting, improved air

quality and reduced moisture accumulation due to improved air circulation. It further
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provides better thermal condition of the indoor due to reduced temperature fluctuation

and improved air circulation6.

Therefore, University of Ibadan; Ajayi Crowther University and Abiola Ajimobi

Technical University hostels were satisfactorily designed in terms of number of loading

than Lead City University hostel with double-banked. The implication is that, single

banked building permits openings for cross ventilation in the building, thus supports

higher satisfaction, wellbeing and improving the indoor environmental conditions in the

hostels

4.1.1.4 Headroom

Breakdown of the result revealed that, all hostel rooms across the selected universities

exhibited a minimum standard of 3-metre headroom.

In a previous research conducted, it was revealed that, increased or taller headroom

permits for better air circulation, reducing airborne pollutants, accommodates larger

windows for increasing natural light & ventilation. It also assists in reducing noise levels

and enhanced visual & thermal comforts with promoting productivity and wellbeing in

the indoors7.

Therefore, all hostel rooms across the institutions under study exhibit a minimum ceiling

height of 3 metres and adequate headrooms were provided in all hostels. This implies that,

adequate and satisfactorily designed headroom improves the indoor air quality, enhances

visual & thermal comforts, natural lighting and ventilation with better control of humidity

resulting into better productivity and wellbeing.

4.1.1.5 Window Number and Position

The breakdown of the result in Table 4.1 showed that Obafemi Awolowo hostel

(University of Ibadan) and Exodus hall (Lead City University) comprised of two window

openings, each opening located in opposite walls. El-Salem hall (Abiola Ajimobi
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Technical University, Ibadan) consists of four window openings with two opening each,

located in opposite walls while, Diocese of Lagos West hostel (Ajayi Crowther

University) also comprised of three window openings with two and one opening located

in opposite walls respectively.

However, finding of similar study confirmed that, the window openings in opposite walls

in a space impact IEQ conditions through enhancement of natural ventilation and

daylighting, and controlling humidity level. These also resulted into enhanced

temperature, improved visual comfort in the building indoor, thus influencing occupants’

productivity and wellbeing 8.

Therefore, window openings in all the selected universities under study were adequately

and satisfactorily located in opposite walls. This implies that, window openings located in

opposite walls allow cross-ventilation, permitting adequate natural lighting and

ventilation in the indoors. Hence, comfort, satisfaction, productivity and wellbeing are

enhanced

4.1.1.6 Window Type

The result from Table 4.1 showed that, all hostels in the selected Universities under study

were finished with sliding windows. According to the related research work, sliding

windows provide adequate and effective amount of natural lighting into the indoors,

essentially for the occupants’ mood, productivity and wellbeing11. However, sliding

window reduces the rates of indoor ventilation thus leading to poor quality of indoor air

and thermal discomfort12.

Therefore, based on the findings, all hostel rooms under study are experiencing

inadequate and ineffective ventilation rates in the indoors, essentially influencing thermal
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discomfort and lessen occupants’ productivity and overall wellbeing. Though, all hostel

rooms are experiencing maximum amount of natural lighting in the spaces,

4.1.1.7 Building Orientation

From Table 4.1; the result of the physical measurement of the hostel rooms’ layout

showed that, the building of the selected hostels from the University of Ibadan (Obafemi

Awolowo hostel) was orientated along N-S or E-W with the window openings facing

E-W or N-S direction; El-Salem hall (Abiola Ajimobi Technical University, Ibadan)

building was orientated along NE-SW with the window opening facing SE-NW direction.

Furthermore, Exodus hall (Lead City University) has its building orientation in NE-SW

direction with the openings facing SE-NW while the building orientation of Diocese of

Lagos West hostel (Ajayi Crowther University) was in N-S or E-W, having its openings

facing E-W or N-S direction.

It was found from the similar research that, the window openings facing SE-NW and N-S

directions receive gentle, indirect natural light thus, reducing the need for artificial

lighting. It also facilitates natural ventilation, improving air quality and reducing the risk

of moisture accumulation. SE-NW and N-S window openings orientation can further

regulate indoor temperature, thereby reducing heat gains and heat loss in the indoor9.

However, the window openings facing the E-W direction will be experiencing

unsatisfactory condition as E-W direction window opening receives direct sunlight thus

leading to heat gain and temperature fluctuation. This E-W direction of openings can also

cause glare especially in areas with high reflectance surface10.

Based on the above similar findings, among all the institutions under study, hostels in

Lead City and Abiola Ajimobi Technical Universities, with window opening orientated in

SE-NW direction were better and satisfactorily oriented than University of Ibadan and
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Ajayi Crowther University. The implication of better building orientation permits

satisfactory facilitation of natural ventilation, improved indoor air quality and reduced

heat gains and heat loss in the indoors.

Summarily, this research question is aligned with Sustainable Development Goals (SDGs)

3, 4, 7, 9 and 11 to create sustainable, healthy and efficient indoor environment for the

students11.
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Compass Orientation of Obafemi Awolowo Hostel Rooms Ground Floor Plan of Obafemi Awolowo Hostel Rooms (Scale: NTS)

1st-6th Floor Plan of Obafemi Awolowo Hostel Rooms (Scale: Not to Scale)

Figure 4.1a: Compass Orientation and Floor Plans of Obafemi Awolowo Hostel Rooms, University of Ibadan

Sources: Researcher’s Fieldwork, 2024
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Figure 4.1b: Sectional Views of Obafemi Awolowo Hostel Rooms, University of Ibadan (Scale: Not to Scale)

Sources: Researcher’s Fieldwork, 2024
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North or Front View of Obafemi Awolowo Hostel Rooms, University South or Back View of Obafemi Awolowo Hostel Rooms,
Ibadan University of Ibadan

Plate 4.1: Elevational Views of Obafemi Awolowo Hostel Rooms, University of Ibadan
Sources: Researcher’s Fieldwork, 2024
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Compass Orientation of El-Salem Hall, Abiola Ajimobi Technical Ground Floor Plan of El-Salem Hall, Abiola Ajimobi
Technical University, University, Ibadan (Scale: NTS) Ibadan (Scale: NTS)

First Floor Plan of of El-Salem Hall, Abiola Ajimobi Technical University, Ibadan (Scale: NTS)

Figure 4.2a: Compass Orientation and Floor Plans of El-Salem Hall, Abiola Ajimobi Technical University, Ibadan (Scale: Not to Scale)

Sources: Researcher’s Fieldwork, 2024
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Figure 4.2b: Sectional Views of El-Salem Hall, Abiola Ajimobi Technical University, Ibadan (Scale: Not to Scale)

Sources: Researcher’s Fieldwork, 2024
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North-West View of El-Salem Hall, Abiola Ajimobi Technical University, South-East View of El-Salem Hall, Abiola Ajimobi Technical
University, Ibadan. Ibadan

Plate 4.2: Elevational Views of El-Salem Hall, Abiola Ajimobi Technical University, Ibadan

Sources: Researcher’s Fieldwork, 2024
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Compass Orientation of Exodus Hostels, Lead City Ground Floor Plan of Exodus Hostels, Lead City University, Ibadan
University, Ibadan (Scale: NTS) (Scale: NTS)

First and Second Floor Plans of Exodus Hostels, Lead City University, Ibadan (Scale: Not to Scale)

Figure 4.3a: Compass Orientation and Floor Plans of Exodus Hostels, Lead City University, Ibadan

Sources: Researcher’s Fieldwork, 2024
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Figure 4.3b: Sectional Views of Exodus Hostels, Lead City University, Ibadan (Scale: Not to Scale)

Sources: Researcher’s Fieldwork, 2024
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South-West and South East Views of Exodus Hostels, Lead City South East Views of Exodus Hostels, Lead City University, Ibadan

University, Ibadan

Plate 4.3: Elevational Views of Exodus Hostels, Lead City University, Ibadan

Sources: Researcher’s Fieldwork, 2024
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Compass Orientation of Diocese of Lagos West Hostel Rooms, Ground Floor Plan of Diocese of Lagos West Hostel Rooms, Ajayi Crowther
Ajayi Crowther University, Oyo (Scale: NTS) University, Oyo (Scale: NTS)

1st – 3rd Floor Plans of Diocese of Lagos West Hostel Rooms, Ajayi Crowther (Scale: Not to Scale)

Figure 4.4a: Compass Orientation and Floor Plans of Diocese of Lagos West Hostel Rooms, Ajayi Crowther University, Oyo

Sources: Researcher’s Fieldwork, 2024
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Figure 4.4b: Sectional Views of Diocese of Lagos West Hostel Rooms, Ajayi Crowther University, Oyo (Scale: Not to Scale)

Sources: Researcher’s Fieldwork, 2024
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West View of Diocese of Lagos West Hostel Rooms, Ajayi Crowther East View of Diocese of Lagos West Hostel Rooms, Ajayi
University, Oyo Crowther University, Oyo

Plate 4.4: Elevational Views of Diocese of Lagos West Hostel Rooms, Ajayi Crowther University, Oyo

Sources: Researcher’s Fieldwork, 2024
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4.1.2 Research Question Two: How adequate are the IEQ components of thermal

comfort, IAQ, lighting and acoustic using the parameters of Window-to-floor area ratio,

Window-to-wall area ratio and Indoor ventilation rates in the study area?

Table 4.2: Calculated Percentages of Window-to-Floor Area and Window-to-Wall Area
Ratios in the Hostel Rooms.

Parameters University
of Ibadan

Abiola
Ajimobi
Technical
University

Lead City
University

Ajayi
Crowther
University

Total window area 4.5 4.32 2.88 5.4

Total Floor area 11.39 15.12 21.84 40.8

Percentage Window
/Floor area Ratio
(WFR %) 39.51 28.57 13.19 13.24

Total Window Area 4.5 4.32 2.88 5.4

Total Wall area (m2) 18.2 21.6 23.4 41.4

Percentage
Window/wall area
ratio (WWR %) 24.73 20.00 12.31 13.04

Source: Researcher’s Field Survey, 2024

From the result of Physical measurement of hostel rooms layout recorded in Table 4.1;

the total Window area, total Floor area and total Wall area for each selected hostel of the

institutions under study were extracted into Table 4.2 and used to calculate percentage

Window-to-Floor area Ratio (%WFR) and percentage Window-to-Wall area Ratio

(%WWR), both calculations to be used to determine the adequacies of thermal comfort,

IAQ, lighting and acoustic in the building spaces/indoors.

In this regard, the total window area (m2) for University of Ibadan, Abiola Ajimobi

Technical University, Lead City University and Ajayi Crowther University hostels are 4.5;
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4.32; 2.88 and 5.4 respectively while the total Floor area (m2) are 11.39; 15.12; 22.84 and

40.8 for each respective institution. In the same regard, the total wall area (m2) for each

respective University of Ibadan, Abiola Ajimobi Technical University, Lead City

University and Ajayi Crowther University hostel are 18.2; 21.6; 23.4 and 41.4

accordingly.

Nonetheless; Window-to-Floor Area Ratio (WFR) is calculated by dividing the total

Window area by the total Floor area of a building or space. This is illustrated as:WFR =

Total Window Area/Total Floor Area while theWindow-to-Wall Area Ratio (WWR) is

calculated by dividing the total Window area by the total Wall area of a building or space.

This is illustrated as:WWR = Total Window Area /Total Wall Area.

Therefore, the result from Table 4.2 indicated that, the values assessed for percentage

Window/Floor area ratios are 39.51%; 28.57%; 13.19% and 13.24% as against University

of Ibadan, Abiola Ajimobi Technical University, Lead City University and Ajayi

Crowther University respectively while the respective values of 24.73%; 20%; 12.31%

and 13.04% were assessed as the percentage Window/Wall area ratios for University of

Ibadan, Abiola Ajimobi Technical University, Lead City University and Ajayi Crowther

University as well.

Related to percentage Window/Floor area ratio obtained from the result, only hostel

rooms of University of Ibadan and Abiola Ajimobi Technical University attained the

specified/recommended standard of 20-30% Window/Floor area ratio while others are not.

This means that, only University of Ibadan and Abiola Ajimobi Technical University

hostel rooms having met 20-30% prescribed Window/Floor area ratio. Furthermore, based

on the percentage Window/Wall area ratio, none of the hostel rooms of the selected



193

universities under study attained the specified/recommended standard of 30-50% for

window/wall area ratio to achieve satisfactory indoor conditions.

The implication therefore is that, satisfactorily provided Window/Floor and Window/wall

area ratios enhance adequate natural lighting and ventilation in the hostel rooms. These

promote occupants’ thermal and lighting satisfactions; enhance quality indoor air and

increase occupants’ productivity and wellbeing in the hostels.

The finding on the Window/Floor area ratio is therefore, in compliance with the result of

the previous study that the recommended value of openings should be within 20-30% of

the space floor area in order to provide a satisfactory and comfortable indoors thus,

enhancing occupants’ productivity and wellbeing13. On the converse, the result of

Window/Wall area ratio is not in conformity with the earlier research that, the

recommended openings should be within 30-50% of the exposed wall area13.
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Table 4.3: Calculated Indoor Ventilation Rates in the Hostel Rooms
Typology University of

Ibadan
Abiola
Ajimobi
Technical
University

Lead City
University

Ajayi
Crowther
University

Reference Window
Area (m2)

2.7
1.8

2.16
2.16

1.44
1.44

3.24
2.16

Reference Wall
Area (m2)

9.1
9.1

10.8
10.8

11.7
11.7

20.7
20.7

Reference
Window/wall ratio

0.2967
0.1978

0.2
0.2

0.1231
0.1231

0.1565
0.1043

Outdoor wind speed
Vo (m/s)

1.54 2.59 2.59 2.57

Indoor Ventilation
Rates V1 (m/s)

0.4712
0.3687

0.6248
0.6248

0.439
0.439

0.5224
0.3817

Average Indoor
Ventilation Rate V1

(m/s)

0.42 0.6248 0.439 0.4521

Source: Researcher’s Field Survey, 2024

Relatedly, using thermo-spatial calculation, V1 = 0.45 (1 - e -3.84x) V0; where: V1 = Indoor

wind velocity; V0 = Average outdoor wind velocity; x = window/wall area ratio; e means

Euler’s number/exponential (constant) = 2.718; the result in Table 4.3 revealed the

calculated indoor ventilation rates in each of the selected hostels under study. Therefore,

the indoor ventilation rate of the hostel spaces was deduced from the thermo-spatial

calculation of the climatic data of outdoor wind speed of the Universities’ locations and

the window/wall area ratio of each reference window. In this regard, the average outdoor

wind speed for the University of Ibadan, Abiola Ajimobi Technical University, Lead City

University and Ajayi Crowther University were obtained from the climate data as 1.54m/s;

2.59m/s; 2.59m/s and 2.57m/s respectively. As a result from Table 4.3, the Indoor
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ventilation rate for University of Ibadan, Abiola Ajimobi Technical University, Lead City

University and Ajayi Crowther University were deduced from the averages of Indoor

ventilation rate corresponding to the references of window and wall areas in each

institution as 0.42m/s, 0.6248m/s, 0.439m/s and 0.4521m/s respectively.

In this regard, the result of the indoor ventilation rate of all hostel rooms obtained ranged

from 0.42m/s to 0.6248m/s across all the institutions under study. Therefore, these values

were assessed as adequate in agreement with earlier study conducted that the standard for

the indoor wind speed should be within 0.15 m/sand 1.5 m/s for acceptable satisfactory,

comfort and wellbeing indoor conditions in the warm-humid climate14.

Summarily, it is therefore affirmed that the hostel rooms in most of the Universities under

study do not appreciably enjoy adequate, satisfactory and comfortable indoor

environmental quality (IEQ) components of thermal comfort, indoor air quality, natural

lighting and acoustic in the indoors. Though, the ventilation rate was assessed to be

adequate and acceptable in all the hostel rooms. The implication noted that, when IEQ

conditions are not appreciably adequate and satisfactory in the indoors, health issues like

respiratory problems, allergies, infections and diseases envisaged in the indoors leading to

stress, sleep inefficiency, discomfort, reduced productivity and wellbeing,

Therefore, the outcome of the result is in contradiction to the earlier research stated that,

the IEQ conditions of the indoor spaces are considered acceptable, comfortable and

satisfactory, if and only the indoor conditions of the ambience is appreciably adequate in

terms of comforts of Indoor Air Quality (IAQ); thermal, lighting and ventilation for the

purpose of occupants’ satisfaction and overall wellbeing in the indoors15, 16.

In conclusion, the Sustainable Development Goals (SDGs) 3, 4, 9 and 11 is related to the

adequacies of IEQ components of thermal comfort, IAQ, lighting and acoustic adopting
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the parameters of Window-Floor Area ratio, Window-Wall Area ratio and indoor

ventilation rates11.

4.1.3 Research Question Three: What are the levels of students’ satisfaction with the

Indoor Environmental conditions in the hostel rooms in the study area?

4.1.3.1 Socio-economic Characteristics of the Students in the selected hostel rooms

The major thrust of this sub-section is to identify the socio-economic characteristics of

the students across the four selected higher institutions of the study area. This is to

identify and understand on how these characteristics may affect the levels of students’

perception/responses to IEQ satisfactions in the hostel rooms

The results in Table 4.4 indicated that 47.2% of the respondents are within the age range

of 18-20; 33.5% within the age range 21-23; 7.9% within the age range 24-26; 5.8%

below 18 years; and 5.6% above 27 years. Further breakdown of results based on

different institutions revealed that Abiola Ajimobi Technical and Lead City Universities

accounted for 4.9% out of 5.8% of respondents below 18 years. Meaning that majority of

respondents below 18 years in the sample area are from Abiola Ajimobi Technical and

Lead City Universities. For respondents above 27 years, University of Ibadan and Lead

City University accounted for 5.5% out of the total percentage (5.6%). Only one person

from Ajayi Crowther University is above 27 years of age.

More than half (62.5%) of the respondents are male, while 36.9% are female and 0.6%

remains anonymous (prefer not to disclose their gender). Ajayi Crowther University

accounts for about 23.6% of male respondents in the sample, while Lead City University

accounts for 14.7% of female respondents. In terms of level of study, results in Table 4.4

indicated that 40.1% of the respondents are in their third year (300 level); 22.9% in fourth
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year (400 level); 22.8% in second year (200 level); 9.3% in fifth year (500 level), and

4.9% post-graduate studies. Out of 40.1% of respondents in their third year, 12.6% and

11.2% respectively are from Ajayi Crowther University and University of Ibadan. Again,

University of Ibadan accounts for about 3.6% of the total percentage of respondents

(4.9%) pursing post-graduate studies across the four institutions. Furthermore, about

27.3% of respondents weighed between 61-70kg; 27.1% between 51-60kg; 20.1%

between 71-80kg; 16.2% between 41-50kg; 4.6% between 81-90kg and 1.9% between

91-100kg.
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Table 4.4: Socio-economic Attributes of the Resident Students in Hostel Rooms
Variable Institution
Age University of

Ibadan
AA Technical
University

Lead City
University

Ajayi Crowther
University

Total

F % F % F % F % F %
Below 18 11 0.8 29 2.1 38 2.8 0 0.0 79 5.8
18-20 143 10.4 135 9.8 152 11.1 218 15.9 648 47.2
21-23 162 11.8 61 4.4 100 7.3 136 9.9 459 33.5
24-26 60 4.4 1 0.1 47 3.4 1 0.1 109 7.9
27 and above 34 2.5 0 0.0 42 3.1 1 0.1 77 5.6
Total 410 29.9% 226 16.5% 380 27.7% 356 25.9% 1372 100%
Gender
Male 226 16.5 133 9.7 175 12.8 324 23.6 858 62.5
Female 180 13.1 93 6.8 201 14.7 32 2.3 506 36.9
Prefer not to say 4 0.3 0 0.0 4 0.3 0 0.0 8 0.6
Total 410 29.9% 226 16.5% 380 27.7% 356 25.9% 1372 100%
Level of study
200 109 7.9 75 5.5 128 9.3 1 0.1 313 22.8
300 154 11.2 86 6.3 137 10.0 173 12.6 550 40.1
400 82 6.0 55 4.0 70 5.1 107 7.8 314 22.9
500 16 1.2 10 0.7 27 2.0 74 5.4 127 9.3
M.Sc. 1 35 2.6 0 0.0 14 1.0 1 0.1 50 3.6
M.Sc. 11 14 1.0 0 0,0 4 0.3 0 0.0 8 1.3
Total 410 29.9% 226 16.5% 380 27.7% 356 25.9% 1372 100%
Weight (KG)
40 and below 12 0.9 8 0.6 13 0.9 0 0.0 33 2.4
41-50 68 5.0 68 5.0 66 4.8 20 1.5 222 16.2
51-60 116 8.5 74 5.4 115 8.4 60 4.9 372 27.1
61-70 104 7.6 48 3.5 97 7.1 126 9.2 375 27.3
71-80 51 3.7 28 2.0 54 3.9 143 10.4 276 20.1
81-90 41 3.0 0 0.0 22 1.6 0 0.0 63 4.6
91-100 16 1.2 0 0.0 10 0.7 0 0.0 26 1.9
100 and above 2 0.1 0 0.0 3 0.2 0 0.0 5 0.4
Total 410 29.9% 226 16.5% 380 27.7% 356 25.9% 1372 100%
Source: Researcher’s Field Survey, 2024
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Table 4.5: Socio-economic Attributes of the Resident Students in Hostel Rooms
Variable Institution
No of
occupants in
hostel room

University
of Ibadan

Abiola
Ajimobi
Technical
University

Lead City
University

Ajayi
Crowther
University

Total

F % F % F % F % F %
1-2 students 87 6.3 0 0.0 92 6.7 13 0.9 192 14.0
3-4 students 234 17.1 226 16.5 253 18.4 160 11.7 873 63.6
5-6 students 69 5.0 0 0.0 28 2.0 132 9.6 229 16.7
7-8 students 17 1.2 0 0.0 5 0.4 13 0.9 35 2.6
More than 8
students 3 0.2 0 0.0 2 0.1 38 2.8 43 3.1
Total 410 29.9 226 16.5 380 27.7 356 25.9 1372 100.0
Period of
occupancy
1-2 months 12 0.9 9 0.7 24 1.7 37 2.7 82 6.0
3-4 months 69 5.0 131 9.5 75 5.5 137 10.0 412 30.0
5-6 months 60 4.4 28 2.0 56 4.1 92 6.7 236 17.2
7-8months 79 5.8 21 1.5 63 3.9 34 2.5 187 13.6
9-10months 86 6/3 10 0.7 92 6.7 0 0.0 188 13.7
11-12months 104 7.6 27 2.0 80 5.8 56 4.1 267 19.5
Total 410 29.9 226 16.5 380 27.7 356 25.9 1372 100.0
Time of day
mostly spent
in hostel
Morning 56 4.1 17 1.2 62 4.5 157 10.0 272 19.8
Afternoon 65 4.7 0 0.0 17 3.9 1 0.1 120 8.7
Night 289 21.1 209 15.2 264 19.2 218 15.9 980 71.4
Total 410 29.9 226 16.5 380 27.7 356 25.9 1372 100.0
Average
duration of
time spent in
hostel
3-5hours 42 3.1 34 2.5 63 4.6 13 0.9 152 11.1
6-7hours 145 10.6 85 6.2 148 10.8 115 8.4 493 35.9
9-11hours 145 10.6 53 3.9 107 7.8 105 7.7 410 29.9
12-14 hours 64 4.7 37 2.7 48 3.5 60 4.4 209 15.2
15-17hours 14 1.0 17 1.2 14 1.0 63 4.6 108 7.9
Total 410 29.9 226 16.5 380 27.7 356 25.9 1372 100.0
Source: Researcher’s Field Survey, 2024

For number of occupants in hostel room, results (Table 4.5) indicated that more than half

(63.6%) of the respondents stated that between 3-4 students occupied a room; 16.7%

between 5-6 students; 14% between 1-2 students; 3.1% more than eight (8) students and
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2.6% between 7-8 students. Out of 63.6% of respondents who stated that occupants in

their room ranged between 3-4, 18.4% and 17.1% respectively are from Lead City

University and University of Ibadan. Ajayi Crowther University accounts for majority

(2.8%) of the total percentage (3.1%) of those with more than eight (8) students in a room.

Results in Table 4.5 showed that about 30% have stayed between 3-4 months in the hostel

room; 19.5% have stayed between 11-12 months; 17.2% between 5-6months; 13.7%

between 9-10 months; 13.6% between 7-8 months and 6% between 1-2 months.

Breakdown of the results based on institution, shows that one-third (10%) of the total

percentage (30%) of respondents who have stayed between 3-4 months in the hostel

room are from Ajayi Crowther University, while 7.6% of those who have stayed between

11-12 months are from University of Ibadan. Again, the result revealed that about two-

third (71.4%) of the respondents agreed that time of the day mostly spent in the hostel

room is night. Less than one-fifth (19.8%) spend morning period in the hostel room,

while about 8.7% spend afternoon period.

The result of the socio-economic characteristics of students across four institutions under

study showed diversity in age, gender and body weight. For instance, in term of age

difference, older adults may be more sensitive to temperature extremes and required more

lighting due to declining vision while younger occupants preferred cooler temperatures

and brighter or more flexible lighting17. As for gender, males and females may have

different temperature preferences, with females preferring warmer temperatures than

males. Females are also more sensitive to lighting levels and types in spaces17.

Furthermore, individuals with higher body weight, shape and size exhibit different

metabolic rates, influencing heat loss with diverse temperatue preferences17. Age and

gender differences also influence diverse sensitivities to noise levels and types. These
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results of diversities are in conformity with earlier research that, if indoor conditions were

the same, occupants can have diverse perceptions resulting to different responses17.

Therefore, the implication in practical term is that, there may be existence of significant

differences in the responses of the occupants to IEQ conditions (thermal lighting, indoor

air quality and acoustic) in the hostel rooms across all institutions under study.

The analysis further revealed that majority of the students residing in the hostels across

the four institutions have spent at least one (1) academic session in the institution’s hostel

with averagely occupancy periods of 3-4 months in the second academic session at the

time of this study. It implies that the occupants in all study areas across the institutions

had familiarized themselves with the indoor conditions of their hostel rooms. This

coincided with previous studies that, the respondents’ occupancy time in hostels is

associated with their deep experience to indoor environmental quality of their

rooms/ambiences18. It is further shown that majority of the respondents (81%) spent an

average of 25-60% (6-14hours) daily in the hostels after daily academic activities,

especially 71.4% of the students stay indoors at night till dawn, for their next daily

academic activities to commence. The result is similar to the previous findings of

students’ typical living conditions that students are spending more of their daytime in

hostel room than in the classrooms or inside school buildings/premises 18, 19, 20. Regarding

the number of students residing in hostel room, the result found that about 3-4 students

(63.6%) stayed in a room. It implies that, all hostel rooms under study are not over-

capacitated. This finding is against the overcrowding issue that was noted with hostel

rooms in the previous studies, which stated that, the high occupancy rate may result to

dissatisfaction, discomfort, poor wellbeing and low productivity 18, 21.
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4.1.3.2 Level of Satisfaction with Indoor Environmental Conditions in the Hostels

The major thrust of this section is to examine how respondents across the four higher

institutions of learning in the study area perceived satisfaction with the IEQ components

in their hostel room. Thus, a cross-tabulation and chi-square test was performed on each

IEQ component.

4.1.3.2.1 Level of Satisfaction with Thermal Comfort

4.1.3.2.1.1 Thermal Sensation

Results in Table 4.6 indicated that, 32.1% perceived the thermal sensation in their hostel

room in the morning to be cool, 22.7% slightly cool, 25.8% cold, 3.9% hot, 9% neutral,

3.4% slightly warm and 3.1% warm. A further breakdown of the results based on

institution, shows that 10.8% of 32.1% respondents who perceived the thermal sensation

in their hostel to be cool in the morning are from University of Ibadan, while 2.8% of

the total percentage (3.9%) who perceived thermal sensation in their hostel room as

being hot in the morning are from Ajayi Crowther University. The Chi-square statistics

in Table 4.6 revealed that at 0.05 level of significance, significant differences exist in the

perception of respondents across the four institutions on thermal sensation in the morning

period (X=172.462a, p<0.05). Hence, across all the institutions under study, 35.1% of the

students perceived thermal sensation within the centrally comfort zones of slightly cool,

Neutral and slightly warm is lower than 80% thermal acceptable standard.
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Table 4.6: Students’ Satisfaction with Thermal Sensation

Items

Name of the Institution

Total Chi-Square

(X)

SigUniversity of
Ibadan

Abiola Ajimobi
Technical
University,
Ibadan

Lead city
University,
Ibadan

Ajayi Crowther
University, Oyo

F (%) F (%) F (%) F (%) F (%)

172.462a .000**

Morning
Cold 93 (6.8%) 32 (2.3%) 111 (8.1%) 118(8.6%) 354(25.8%)
Cool 148 (10.8%) 104 (7.6%) 129(9.4%) 59(4.3%) 440(32.1%)

Slightly
Cool

94(6.9%) 51(3.7%) 76 (5.5%) 90 (6.6%) 311 (22.7%)

Neutral 39(2.8%) 11(0.8%) 36 (2.6%) 38(2.8%) 124(9.0%)
Slightly
Warm

16(1.2%) 19(1.4%) 11(0.8%) 1(0.1%) 47(3.4%)

Warm 18(1.3%) 0(0.0%) 13(0.9%) 12(0.9%) 43(3.1%)
Hot 2(0.1%) 9(0.7%) 4(0.3%) 38(2.8%) 53(3.9%)
Total 410(29.9% 226(16.5% 380(27.7% 356(25.9% 1372(100%

Afternoon

250.990a .000**

Cold 22(1.6%) 20(1.5%) 31(2.3%) 6(0.4%) 79(5.8%)
Cool 40(2.9%) 15(1.1%) 59(4.3%) 146(10.6%) 260(19.0%)

Slightly
Cool

71(5.2%) 39(2.8%) 81(5.9%) 38(2.8%) 229(16.7%)

Neutral 67(4.9%) 14(1.0%) 63(4.6%) 26(1.9%) 170(12.4%)
Slightly
Warm

86(6.3%) 46(3.4%) 56(4.1%) 23(1.7%) 211(15.4%)

Warm 100(7.3%) 83(6.0%) 72(5.2%) 78(5.7%) 333 (24.3%)
Hot 24(1.7%) 9(0.7%) 18(1.3%) 39(2.8%) 90(6.6%)
Total 410(29.9%) 226(16.5%) 380(27.7%) 356(25.9%) 1372(100%)
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Statistics significant at 0.05**

Source: Researcher’s Field Survey, 2024

Night
Cold 64 (4.7%) 26(1.9%) 60(4.4%) 88(6.4%) 238(17.3%)

221.806a .000**

Cool 118(8.6%) 41(3.0%) 107(7.8%) 12(0.9%) 278(20.3%)
Slightly
Cool

82(6.0%) 51(3.7%) 82(6.0%) 103(7.5%) 318(23.2%)

Neutral 60(4.4%) 30(2.2%) 67(4.9%) 12(0.9%) 169(12.3%)
Slightly
Warm

50 (3.6%) 38 (2.8%) 40(2.9%) 49(3.6%) 177(12.9%)

Warm 34 (2.5%) 31(2.3%) 18(1.3%) 54(3.9%) 137(10.0%)
Hot 2(0.1%) 9(0.7%) 6(0.4%) 38(2.8%) 55(4.0%)
Total 410(29.9% 226(16.5% 380(27.7% 356(25.9% 1372(100%
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Furthermore, the perception of respondents on thermal sensation in the afternoon was

examined. Results in Table 4.6 indicated that 24.3% of respondents across the four

institutions perceived thermal sensation in the afternoon to be warm, 19% cool, 16.7%

slightly cool, 12.4% neutral, 15.4% slightly warm, and 6.6% hot. The percentage of

respondents that perceived thermal sensation to be warm in the afternoon is a little bit

higher in University of Ibadan (7.3%) compared to Abiola Ajimobi Technical

University (6%), Ajayi Crowther University (5.7%) and Lead City University (5.2%).

Again, the percentage of respondents from Ajayi Crowther University that perceived the

thermal sensation in the afternoon to be hot is higher (2.8%) when compared to other

three institutions that scored less than one percent. Chi-square statistics equally shows

that there is significant difference in perception of thermal sensation in the afternoon

across the institutions (X= 250.990a, p<0.05). However, 44.5% respondents perceived

thermal sensation in the afternoon to be slightly cool, neutral and slightly warm (centrally

comfort zone), falling short of 80% thermal acceptable criterion.

Likewise, 23.2% of respondents perceived the thermal sensation at night to be slightly

cool, while 20.3% and 17.3% perceived it to be cool and cold respectively. About 10%

perceived thermal sensation at night to be warm, while 4% perceived it hot. Also, the Chi-

square statistics revealed that the significant differences exist in the level of perception of

thermal sensation at night across the institutions in the study area (X = 221.806a, p<0.05).

However, within the three centrally comfort zone (slightly cool, neutral and slightly

warm), a total of 48.4% respondents perceived thermal sensation at night, thereby lesser

than 80% acceptable standard.

Summarily, the results of the findings confirmed that the highest percentages (32.1%) of

the students are of opinion that their rooms are cool in the morning and slightly cool at

night (23.2%), however, warm in the afternoon (24.3%). Despite the coolness of the



206

rooms in the morning and night, the result revealed that all the hostel occupants are

thermally unsatisfied and uncomfortable throughout the day. This is due to the fact that,

the overall votes (35.1%) of the students voted within the centrally comfort zones of

slightly cool, Neutral and slightly warm categories (+1, 0, -1) is lower than 80% thermal

acceptable standard. The thermal environment is said to be uncomfortable. It implies that,

uncomfortable indoors can affect the satisfaction, productivity and well-being of the

occupants. This validates earlier study that, when the overall assessment of the occupants

throughout the day fell below the 80% acceptability criterion, recommended by American

Society of Heating, Refrigerating and Air-conditioning Engineers (ASHRAE) standard,

the indoor environment is uncomfortable and unsatisfactory 22.

4.1.3.2.1.2 Thermal Preference

The next thermal attribute examined is thermal preference of the respondents. Results in

Table 4.7 indicated that one-third (35.6%) of the respondents prefer their hostel

temperature in the morning to be cooler, while 30.9% and 19.5% prefer it to be much

cooler and neutral respectively. Very few (8.7% & 5.2%) perceived the hostel

temperature in the morning to be either warmer or much warmer. The percentage of

respondents from Ajayi Crowther University who perceived the hostel room to be

much cooler in the morning is higher (13.5%) compared to University of Ibadan

(5.4%), Abiola Ajimobi Technical University (3.4%) and Lead City University (8.7%).

Significant difference exists in level of students’ perception to thermal preference in the

morning across the institutions (X=195.615a, p<0.05). This is due to existence of diversity

in age, gender and body mass among the occupants of the hostel rooms.
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Table 4.7: Students’ Thermal Preference

Items

Name of the Institution
Total Chi-

Square
(X)

SigUniversity of
Ibadan

Abiola
Ajimobi
Technical
University,
Ibadan

Lead city
University,
Ibadan

Ajayi
Crowther
University,
Oyo

F (%) F (%) F (%) F (%) F (%)

195.615a .000**

Morning
Much
cooler

74(5.4%) 46(3.4%) 119(8.7%) 185(13.5%) 424(30.9%)

Cooler 166(12.1%) 108(7.9%) 120(8.7%) 95(6.9%) 489(35.6%)
No change 108(7.9%) 36(2.6%) 85(6.2%) 39(2.8%) 268(19.5%)
Warmer 49(3.6%) 28(2.0%) 42(3.1%) 0(0.0%) 119(8.7%)
Much
warmer

13(0.9%) 8(0.6%) 14(1.0%) 37(2.7%) 72(5.2%)

Total 410(29.9%) 226(16.5%) 380(27.7%) 356(25.9) 1372(100.0%
Afternoon

Much
cooler

96(7.0%) 48(3.5%) 84(6.1%) 73(5.3%) 301(21.9%)

57.346a

.000**
Cooler 169(12.3%) 123(9.0%) 148(10.8%) 189(13.8%) 629(45.8%)
No change 84(6.1%) 51(3.7%) 81(5.9%) 42(3.1%) 258(18.8%)
Warmer 47(3.4%) 1(0.1%) 49(3.6%) 40(2.9%) 137(10.0%)
Much
warmer

14(1.0%) 3(0.2%) 18(1.3%) 12(0.9%) 47(3.4%)

Total 410(29.9%) 226(16.5%) 380(27.7%) 356(25.9% 1372(100%)
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Statistics significant at 0.05**
Source: Researcher’s Field Survey, 2024

Night
Much
cooler

80(5.8%) 17(1.2%) 102(7.5%) 133(9.7%) 332(24.3%)

222.491a .000**Cooler 168(12.3%) 154(11.2%) 134(9.8%) 78(5.7%) 534(39.0%)
No change 95(6.9%) 36(2.6%) 74(5.4%) 101(7.4%) 306(22.4%)
Warmer 52(3.8%) 18(1.3%) 56(4.1%) 6(0.4%) 132(9.6%)
Much
warmer

15(1.1%) 1(0.1%) 11(0.8%) 38(2.8%) 65(4.7%)

Total 410(29.9%) 226(16.5%) 380(27.7%) 356(25.9% 1372(100.0)
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Relatedly, 45.8% and 39% respectively perceived the thermal preference in the afternoon

and night to be cooler, while 21.9% and 24.3% perceived it to be much cooler.

Furthermore, in the afternoon and night, about 18.8% and 22.4% responded No change,

while 10% and 9.6% perceived the room temperature to be warm, 3.4% and 4.7%

accepted it to be much warmer respectively. The chi –square statistics revealed that

respondents perception of thermal preference in the afternoon (X= 57.346a, p<0.05)

and night ( X = 222.491a, p<0.05) differs significantly across the four institutions.

However, across the four institutions under study, total of 63.8%, 64.6% and 71%

students perceived within centrally comfort zone of cooler, no change and warmer in the

morning, afternoon and night respectively, each falling below 80% ASHRAE acceptable

standard.

In summary, the findings showed that majority of the residents in the hostels indicated

that, cool thermal environment is preferable throughout the day (i.e. morning (35.6%),

afternoon (45.8%) and night (39.0%)) despite the unsatisfactory ambiences. Though,

these percentages do not make up half of the respondents, thus implies that the hostel

rooms are not fully thermally preferable and conducive. This supports the assertion that,

the occupants of hostels responded differently due to diverse perceptions, sometimes with

wide preferences (such as age, gender, body weight etc) to the thermal indoor conditions

as a result of highly unsatisfactory thermal conditions in many naturally ventilated

university dormitories23.

4.1.3.2.1.3 Room Air Quality/Movement

For room air quality/movement in the hostel room, Table 4.8 result below indicated

that one-third (36.9%) of respondents across the four institutions rated the room air

movement in the morning as good, 23.6% rated it excellent, 17.8% rated it as very good,
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15.5% fair and 6.3% poor. Out of 23.6% of respondents that rated room air quality in

the hostel as excellent, Ajayi Crowther University have higher percentage (9.7%),

followed by Lead City University (7%), University of Ibadan (4%) and Abiola Ajimobi

Technical University (2.8%). The percentage of respondents that perceived room air

quality in the hostel as poor, is higher in Abiola Ajimobi Technical University (2.2%)

compared to University of Ibadan (1.6%), Lead City University (1.5%) and Ajayi

Crowther University (0.9%).
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Table 4.8: Room Air Quality

Items

Name of the Institution
Total Chi-

Square
(X)

SigUniversity
of Ibadan

Abiola
Ajimobi
Technical
University,
Ibadan

Lead city
University,
Ibadan

Ajayi
Crowther
University,
Oyo

F (%) F (%) F (%) F (%) F (%)

129.487a .000**

Morning
Excellent 55(4.0%) 39(2.8%) 96(7.0%) 133(9.7%) 323(23.6%)
Very good 83(6.1%) 23(1.7%) 84(6.1%) 54(3.9%) 244(17.8%)
Good 151(11.0%) 110(8.0%) 125(9.1%) 120(8.8%) 506(36.9%)
Fair 99(7.2%) 24(1.8%) 54(3.9%) 36(2.6%) 213(15.5%)
Poor 22(1.6%) 30(2.2%) 21(1.5%) 13(0.9%) 86(6.3%)
Total 410(29.9%) 226(16.5%) 380(27.7%) 356(25.9%) 1372(100.0%)

Afternoon
Excellent 32(2.3%) 42(3.1%) 48(3.5%) 65(4.7%) 187(13.6%)

119.150a .000**
Very good 54(3.9%) 36(2.6%) 66(4.8%) 104(7.6%) 260(19.0%)
Good 115(8.4%) 82(6.0%) 135(9.8%) 81(5.9%) 413(30.1%)
Fair 161(11.7%) 29(2.1%) 87(6.3%) 67(4.9%) 344(25.1%)
Poor 48(3.5%) 37(2.7%) 44(3.2%) 39(2.8%) 168(12.3%)
Total 410(29.9%) 226(16.5%) 380(27.7%) 356(25.9%) 1372(100.0%)

Night
Excellent 40(2.9%) 61(4.4%) 65(4.7%) 53(3.9%) 219(16.0%)

87.579a .000**
Very good 74(5.4%) 16(1.2%) 76(5.5%) 81(5.9%) 247(18.0%)
Good 156(11.4%) 75(5.5%) 144(10.5%) 126(9.2%) 501(36.5%)
Fair 103(7.5%) 28(2.0%) 65(4.7%) 60(4.4%) 256(18.7%)
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Statistics significant at 0.05**
Source: Researcher’s Field Survey, 2024

Poor 37(2.7%) 46(3.4%) 30(2.2%) 36(2.6%) 149(10.9%)
Total 410(29.9%) 226(16.5%) 380(27.7%) 356(25.9%) 1372(100.0%)
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In the further analysis of Table 4.8; during the afternoon and night periods, 30.1% and

36.5% respectively perceived the room air movement to be good, while 13.6% and

16% perceived it as excellent. In the afternoon, the percentage of respondents

who perceived the room air quality as good is higher in Lead City University (9.8%)

compared to Ajayi Crowther University (5.9%), Abiola Ajimobi Technical University

(6%) and University of Ibadan (8.4%). In the evening time, the percentage of

respondents from University of Ibadan who rated air quality in their hostel room

as good is higher (11.4%) compared to others. In general, Chi-square statistics in

Table 4.8 showed that, there is significant difference in the rating (perception) of air

quality in hostel room in the afternoon (X=119.150a,p<0.05) and night

(X=87.579a,p<0.05) across the four institutions in the study area.

Nonetheless, the findings of this research affirmed that majority of the hostel occupants

across the four institutions are of opinion that the quality of air movement in all the hostel

rooms is either very good or good and therefore, desirable for all the sessions of the day

i.e. morning; afternoon and night. This suggests that the ventilation rate/air speed is

highly felt and desirable for all the occupants of the hostels for the greater periods of the

day. This finding is against the previous research conducted in a naturally-ventilated

hostel of other part of the region that low/inadequate of ventilation flow was the cause of

the discomfort experienced by the occupants 24, 16.

4.1.3.2.1.4 Moisture in Air/Humidity

The next thermal attribute examined is air moisture/rate of humidity in the hostel room.

Table 4.9 results indicated that 10.7% of respondents perceived air moisture in their

hostel room during morning period to be humid, while 22.7% perceived it to be slightly

humid, 23.6% neutral, 19.5% slightly dry and 23.5% dry. Respondents across the
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institutions varied in their perception of air moisture in the hostel room. For example,

percentage of respondents who perceived air moisture as slightly humid is a bit higher

(7.7%) in University of Ibadan compared to the other institutions (Lead City University

(5.3%), Ajayi Crowther University (5.2%), Abiola Ajimobi Technical University (4.4%).

In the afternoon session, the results indicated that 7.2% perceived air moisture in the

room to be humid, 17% perceived it to be slightly humid, 24.9% no change, 37.2%

slightly dry and 13.8% dry. More respondents from Ajayi Crowther University (16.6%)

perceived the air moisture in their hostel to be slightly dry compared to respondents

from the other institutions. In terms of being dry, results show that the respondents’

percentage from University of Ibadan (6%) and Lead City University (5.5%) is

higher compared to Abiola Ajimobi Technical University (2.1%) and Ajayi Crowther

University ( 0.1%). It suggests that hostel rooms in University of Ibadan and Lead City

University are perceived to be dry at the afternoon time, when compared to the other

two institutions in the research area.

At night, 9.8% and 26.1% of respondents perceived the room air moisture to be humid

and slightly humid respectively, 28.9% as no change, 21.1% slightly dry and 14.1% dry.

7.5% out of 26.1% that perceived room air moisture as slightly humid are from University

of Ibadan, 7.1% from Ajayi Crowther University, 6.2% from Lead City University and

5.1% from Abiola Ajimobi Technical University. In general, the chi-square test reveals

that significant differences exist in the respondents’ perception across the four

institutions on air moisture in hostel room in the morning (X= 67.881a, p<0.05),

afternoon ( X= 217.603a , p<0.05), and night (X= 59.734a, p<0.05). Across all the four

institutions, the voting within the comfort limit zone of slightly humid, no change and



215

slightly dry in the morning, afternoon, and night periods are 65.8%, 79.1% and 76.1%

respectively, lessened than 80% ASHRAE acceptable/satisfactory standard.

The findings summarized the analysis that, the occupants of the dormitories across all

four institution agreed that the relative humidity of the rooms are either dry or slightly dry

during the morning (43%) and afternoon (60%) periods while slightly humid or humid

(35.9%) at night time. However, it is affirmed that the relative humidity rating within the

central categories of -1, 0 and +1 during the whole day fall below 80% ASHRAE

standard. It therefore signifies that occupants of the hostels were highly dissatisfied with

the relative humidity level in their rooms for almost all periods of the day. This result is in

conformity with the previous study that the indoor relative humidity is below ASHRAE

standard and most of hostel occupants were less comfortable and satisfactory with the

immediate thermal environment23. It is also in line with another finding that building

users are dissatisfied with existing humid indoor conditions caused by interactions of

local outdoor climate conditions25.



216

Table 4.9: Air Moisture/Humidity in the Room

Source: Researcher’s Field Survey, 2024

Items

Name of the Institution

Total Chi-
Square
(X)

Sig
University of
Ibadan

Abiola
Ajimobi
Technical
University,
Ibadan

Lead city
University,
Ibadan

Ajayi
Crowther
University,
Oyo

F (%) F (%) F (%) F (%) F (%)

67.881a .000**

Morning

Humid 39 (2.8%) 27 (2.0%) 27(2.0%) 54(3.9%) 147(10.7%)
Slightly
humid

106(7.7%) 61(4.4%) 73(5.3%) 71(5.2%) 311(22.7%)

No change 112(8.2%) 51(3.7%) 101(7.4%) 60(4.4%) 324(23.6%)
Slightly dry 88(6.4%) 47(3.4%) 83(6.0%) 50(3.6%) 268(19.5%)
Dry 65(4.7%) 40(2.9%) 96(7.0%) 121(8.8%) 322(23.5%)
Total 410(29.9%) 226(16.5%) 380(27.7%) 356(25.9%) 1372(100.0%)

Afternoon
Humid 44(3.2%) 9(0.7%) 26(1.9%) 20(1.5%) 99(7.2%)

217.603a .000**
Slightly
humid

73(5.3%) 49(3.6%) 48(3.5%) 63(4.6%) 233(17.0%)

No change 110(8.0%) 66(4.8%) 121(8.8%) 44(3.2%) 341(24.9%)
Slightly dry 100(7.3%) 73(5.3%) 109(7.9%) 228(16.6%) 510(37.2%)
Dry 83(6.0%) 29(2.1%) 76(5.5%) 1(0.1%) 189(13.8%)
Total 410(29.9%) 226(16.5%) 380(27.7%) 356(25.9%) 1372(100.0%)

Night
Humid 46(3.4%) 19(1.4%) 39(2.8%) 31(2.3%) 135(9.8%)

59.734a .000**
Slightly
humid

103(7.5%) 73(5.3%) 85(6.2%) 97(7.1%) 358(26.1%)

No change 122(8.9%) 78(5.7%) 125(9.1%) 71(5.2%) 396(28.9%)
Slightly dry 93(6.8%) 43(3.1%) 81(5.9%) 73(5.3%) 290(21.1%)
Dry 46(3.4%) 13(0.9%) 50(3.6%) 84(6.1%) 193(14.1%)
Total 410(29.9%) 226(16.5%) 380(27.7%) 356(25.9%) 1372(100.0%)
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4.1.3.2.1.5 Overall Thermal Comfort in Hostel Room

In investigating the perception of respondents on the overall thermal conditions in their

hostel room, table 4.10a result indicated that 8.5% of respondents perceived that the

overall thermal condition in their hostel room is very uncomfortable, while 27.5%

perceived it to be slightly uncomfortable, 39.9% as neutral, 19.4% as slightly comfortable

and 4.7% as very comfortable.

One-way analysis of variance (ANOVA) test was also performed to examine whether

significant difference exists in the overall comfort of the respondents based on

group mean scores obtained for each institution (Table 4.10b). Results indicated that

there is significant difference on assessment of overall thermal comfort across the four

institutions (F= 43.072, p<0.05).

Table 4.10a: Assessment of Overall Thermal Comfort in Hostel Room

Source: Researcher’s Field Survey, 2024

Items

Name of the Institution
TotalUniversity

of Ibadan
Abiola
Ajimobi
Technical
University,
Ibadan

Lead city
University,
Ibadan

Ajayi
Crowther
University,
Oyo

F (%) F (%) F (%) F (%) F (%)
Very
Uncomfortable

35 (2.6%) 20 (1.5%) 25(1.8%) 37(2.7%) 117(8.5%)

Slightly
Uncomfortable

114(8.3%) 43(3.1%) 74(5.4%) 147(10.7%) 378(27.5%)

Neutral 163(11.9%) 60(4.4%) 158(11.5%) 166(12.1%) 547(39.9%)
Slightly
Comfortable 84(6.1%) 87(6.3%) 90(6.6%) 5(0.4%) 266(19.4%)
Very
Comfortable 14(1.0%) 16(1.2%) 33(2.4%) 1(0.1%) 64(4.7%)
Total 410(29.9%) 226(16.5%) 380(27.7%) 356(25.9%) 1372(100.0%)
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Table 4.10b: Assessment of Overall Thermal Comfort in Hostel Room

Institution
Mean Std.

Deviation
Std.
Error

F Sig Tukey B Post-hoc
homogenous subsets
Sub-
set 1

Sub-
set 2

Sub-
set 3

University of
Ibadan

2.82 .966 .048 43.07 2 .000**

.000**

.000**

.000**

2.82

Abiola Ajimobi
Technical
University, Ibadan

3.16 1.092 .073 3.16

Lead city
University, Ibadan

3.08 1.019 .052 3.08

Ajayi Crowther
University, Oyo

2.40 .703 .037 2.40

Total 2.84 .986 .027
Source: Researcher’s Field Survey, 2024
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A closer look at the mean scores obtained for each institution in Table 4.10b showed that

respondents from Abiola Ajimobi Technical University (mean=3.16) and Lead City

University (mean =3.08) scored higher than respondents from University of Ibadan

(mean= 2.8) and Ajayi Crowther University (mean = 2.4). Level of thermal comfort was

rated on a 5 point Likert scale ranging from 1= very uncomfortable to 5=very comfortable.

Against this backdrop, it could be said that respondents from Abiola Ajimobi Technical

University and Lead City University rated overall thermal comfort in their hostel room as

slightly-comfortable, while those from University of Ibadan and Ajayi Crowther

University rated overall thermal comfort in their hostel room as slightly uncomfortable.

However, in Table 4.10a, the result presented that 36% of the hostel occupants found

their overall thermal conditions unacceptable and uncomfortable while 39.9% are neutral

with the lowest percentage of 24.1% respondents claiming the overall thermal condition

as comfortable and satisfactory due to significant differences exist in response to indoor

conditions. Therefore, the result shows that the occupants are unsatisfactory and

uncomfortable with the existing thermal environmental conditions of their hostel rooms.

Therefore, this statement is consistent with previous study establishing that, the occupants

were mostly thermally uncomfortable with the existing thermal environments in a

naturally ventilated hostels26, 27.

4.1.3.2.2 Level of Satisfaction with Indoor Air Quality in Hostel Room

Results in Table 4.11a showed the students responses toward the frequency of windows

opening in the hostel rooms across the four institutions under study. 33.4% of the

respondents indicated that the windows are “always opened”; 32.7% indicated as “often

opened”; 21.4% claimed the windows as “sometimes opened”; 8.5% as “rarely opened”

and 4% indicated the windows opening as “never”
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Table 4.11a: Frequency of Window Opening in Hostel Room

Source: Researcher’s Field Survey, 2024

The results in Table 4.11b indicated that, one-third (34.7%) of respondents across the four

institutions rated that the quality of air in their room as Not smelly, 21.2% Moderately

smelly, 19.5% Slightly smelly, 17.4% Not smelly at all and 7.3% Extremely smelly. The

breakdown of results show that the percentage of respondents who perceived the indoor

air quality in their hostel room as extremely smelly is higher in University of Ibadan

when compared to others. In contrast, the percentage of respondents who perceived the

room air quality as Not smelly at all is higher in Lead City University when compared to

others. The Chi-square statistics show that there is significant difference in the perception

of respondents across the four institutions on air quality in hostel room (X= 140.922a,

p<0.05).

Items

Name of the Institution

TotalUniversity
of Ibadan

Abiola
Ajimobi
Technical
University,
Ibadan

Lead city
University,
Ibadan

Ajayi
Crowther
University,
Oyo

F (%) F (%) F (%) F (%) F (%)

Never 10 (0.7%) 4 (0.3%) 17(1.2%) 24(1.7%) 55(4.0%)

Rarely 46(3.4%) 28(2.0%) 37(2.7%) 6(0.4%) 117(8.5%)

Sometimes 88(6.4%) 42(3.1%) 103(7.5%) 61(4.4%) 294(21.4%)

Often 121(8.8%) 89(6.5%) 88(6.4%) 150(10.9%) 448(32.7%)

Always 145(10.6%) 63(4.6%) 135(9.8%) 115(8.4%) 458(33.4%)

Total 410(29.9%) 226(16.5%) 380(27.7%) 356(25.9%) 1372(100.0%)
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Table 4.11b: Air Quality in Room

Items

SMELL

Name of the Institution
Total Chi-

Square
(X)

SigUniversity of
Ibadan

Abiola
Ajimobi
Technical
University,
Ibadan

Lead city
University,
Ibadan

Ajayi
Crowther
University,
Oyo

F (%) F (%) F (%) F (%) F (%)

140.922a .000

Extremely smelly 26(1.9%) 27(2.0%) 22(1.6%) 25(1.8%) 100(7.3%)
Moderately
smelly

72(5.3%) 25(1.8%) 67(4.9%) 126(9.1%) 290(21.2%)

Slightly smelly 104(7.6%) 53(3.9%) 76(5.5%) 34(2.5%) 267(19.5%)
Not smelly 137(10.0%) 81(5.9%) 110(8.0%) 148(10.8%) 476(34.7%)
Not at all smelly 71(5.2%) 40(2.9%) 105(7.7%) 23(1.7%) 239(17.4%)
Total 410(29.9%) 226(16.5%) 380(27.7%) 356(25.9%) 1372(100.0%)

DUST
Extremely dusty 16(1.2%) 1(0.1%) 11(0.8%) 0(0.0%) 28(2.0%)

144.437a .000

Moderately dusty 76(5.5%) 10(0.7%) 64(4.7%) 25(1.8%) 175(12.8%)
Somewhat dusty 81(5.9%) 15(1.1%) 80(5.9%) 104(7.6%) 280(20.5%)
Slightly dusty 100(7.3%) 91(6.7%) 140(10.2%) 143(10.5%) 474(34.7%)
Not at all dusty 137(10.0%) 109(8.0%) 85(6.2%) 84(6.1%) 415(30.4%)
Total 410(29.9%) 226(16.5%) 380(27.7%) 356(25.9%) 1372(100.0%)

STUFFY
Very stuffy 41(3.0%) 15(1.1%) 22(1.6%) 37(2.7%) 115(8.4%)

100.646a .000
Stuffy 136(9.9%) 64(4.7%) 69(5.0%) 72(5.2%) 341(24.9%)
Neutral 180(13.1%) 110(8.0%) 200(14.6%) 233(17.0%) 723(52.8%)
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Source: Researcher’s Field Survey, 2024

Fresh 41(3.0%) 28(2.0%) 73(5.3%) 13(0.9%) 155(11.3%)
Very Fresh 12(0.9%) 9(0.7%) 16(1.2%) 1(0.1%) 38(2.8%)

Total 410(29.9%) 226(16.5%) 380(27.7%) 356(25.9%) 1372(100.0%)
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In terms of dust, results in Table 4.11b revealed that, 34.7% perceived the air entering the

room to be slightly dusty, 30.4% not dusty at all, 20.5% somewhat dusty, 12.8%

moderately dusty and 2% extremely dusty. One-third (10%) out 30.4% of respondents

who perceived the air entering the room as not dusty at all are from University of Ibadan.

Again, the percentage of respondents who perceived the room air quality as slightly dusty

is higher in Lead City University (10.2%) and Ajayi Crowther University (10.5%) when

compared to University of Ibadan (7.3%) and Abiola Ajimobi Technical University

(6.7%). 1.2% out of 2% of respondents that rated the room air quality as extremely dusty

are from University of Ibadan. Furthermore, indoor air quality in terms of how a room is

stuffy was examined. Results indicated that 24.9% of respondents perceived indoor air

quality to be stuffy, 8.4% very stuffy, 11.3% fresh, and 2.8% very fresh. More than half

(52.8%) of the respondents remained neutral on assessment of indoor air quality based on

the level of stuffy.

Summarily, the results indicated that higher percentages of respondents are either

sometimes (21.4%), often (32.7%) or always (33.4%) opened windows of their hostel

rooms across the four institutions. In this regard, the attitude of window openings by the

students is corresponding to the previous researches that, for an ideal comfortable

surroundings, window opening plays an essential role in achieving better indoor air

quality. This could be achieved through free flow of ventilation especially cross

ventilation to permit stale air escapes through the openings28, 29. Likewise, the respondents

declared that the indoor air quality of the hostel rooms across the four institutions under

study is slightly smelly (34.7%); slightly dusty (34.7%) and either very stuffy or stuffy

(33.3%). The smelly, dusty and stuffy conditions of indoor air quality in hostel rooms are

as a result of indoor contaminants, emission of building & furnishings materials,
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overcrowding of the hostel room, outdoor pollutants and low ventilation rate. This finding

supports the argument that, poor indoor air quality is a result of indoor pollutants entering

a building through infiltrations, natural and mechanical ventilation systems, and

combustion sources (such as burning wood, coal, and fuel; tobacco products; and candles).

Indoor pollutants can also be originated inside the building from emissions of building

materials and furnishings; central heating and cooling systems; humidification devices;

moisture processes; electronic equipment; pet care products; as well as from building

occupant’s behaviours (i.e. smoking, painting, etc.)30. Furthermore, this fact aligned with

past research that the frequent opening of doors & windows allowed contaminants like

outdoor air-dust, smoke, and insects to enter the rooms, thus lessened and negatively

influenced the occupants’ overall wellbeing31.

4.1.3.2.3 Level of Satisfaction with Acoustics/Noise in the Hostel Rooms

Acoustics/noise is the third IEQ component examined in the study. The results in Table

4.12 indicated that 40.7% remained neutral, while 42% are dissatisfied with the level of

noise in their hostel room while 17.4% are satisfied with level of noise in their hostel

room. The percentage of respondents who are very satisfied with the level of noise in

their hostel room is higher in Abiola Ajimobi Technical University (2%) compared to

Lead City University (1.5%), and University of Ibadan (1.3%). In terms of percentage of

respondents that are very dissatisfied with level of noise in hostel room, the breakdown of

results in Table 4.12 showed that University of Ibadan (5.8%) recorded higher compared

to Abiola Ajimobi Technical University (4.2%), Ajayi Crowther (4.1%), and Lead City

University (3.5%). Chi-square statistics further reveal that significant differences exist in

the respondents level of satisfaction with noise in their hostel room (X= 138.261, p<0.05).
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Table 4.12: Acoustics/Noise in Hostel Room

Items

Name of the Institution
Total Chi-

Square
(X)

SigUniversity of
Ibadan

Abiola
Ajimobi
Technical
University,
Ibadan

Lead city
University,
Ibadan

Ajayi
Crowther
University,
Oyo

F (%) F (%) F (%) F (%) F (%)

138.261 .000

LEVEL OF SATISFACTION WITH SOUND/NOISE IN HOSTEL
Very dissatisfied 80(5.8%) 58(4.2%) 48(3.5%) 56(4.1%) 242(17.7%)
Slightly
dissatisfied

113(8.2%) 5(0.4%) 99(7.2%) 116(8.5%) 333(24.3%)

Neutral 135(9.8%) 100(7.3%) 165(12.0%) 158(11.5%) 558(40.7%)
Slightly-satisfied 64(4.7%) 35(2.6%) 48(3.5%) 26(1.9%) 173(12.6%)
Very satisfied 18(1.3%) 28(2.0%) 20(1.5%) 0(0.0%) 66(4.8%)
Total 410(29.9%) 226(16.5%) 380(27.7%) 356(25.9%) 1372(100.0%)

QUALITY OF SPEECH COMMUNICATION BETWEEN RESPONDENT AND
ROOM-MATES

Very dissatisfied 30(2.2%) 18(1.3%) 13(0.9%) 30(2.2%) 91(6.6%)

58.121 .000

Slightly
dissatisfied

38(2.8%) 16(1.2%) 42(3.1%) 13(0.9%) 109(7.9%)

Neutral 151(11.0%) 68(5.0%) 164(12.0%) 132(9.6%) 515(37.6%)
Slightly-satisfied 118(8.6%) 46(3.4%) 74(5.4%) 103(7.5%) 341(24.9%)
Very satisfied 73(5.3%) 78(5.7%) 87(6.3%) 78(5.7%) 316(23.0%)
Total 410(29.9%) 226(16.5%) 380(27.7%) 356(25.9%) 1372(100.0%)
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Source: Researcher’s Field Survey, 2024

EFFECT OF NOISE ON ABILITY TO CONCENTRATE IN THE HOSTEL
Yes 189(13.8%) 104(7.6%) 143(10.4%) 112(8.2%) 548(39.9%)
No 138(10.1%) 93(6.8%) 145(10.6%) 113(8.2%) 489(35.6%)
Neutral 83(6.0%) 29(2.1%) 92(6.7%) 131(9.5%) 335(24.4%)
Total 410(29.9%) 226(16.5%) 380(27.7%) 356(25.9%) 1372(100.0%)
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On interpersonal communication in the hostel rooms, results in Table 4.1, indicated that

47.9% of respondents stated that they are satisfied, while 14.5% and 37.6% are very

dissatisfied and neutral respectively. The percentage of respondents that are satisfied

with the quality of interpersonal communication in their room is higher in University of

Ibadan (8.6%) compared to other institutions (Abiola Ajimobi Technical University 3.4%,

Lead City University 5.4%, Ajayi Crowther University 7.5%). On the effect of noise in

hostel room, results revealed that 39.9% of respondents across the four institutions,

agreed that it has an effect on their ability to concentrate, while 35.5% stated otherwise

(i.e. it has no effect) and 24.4% neutral.

Nevertheless, following the results of level of sound/noise in the hostel rooms across all

institution under study, it is revealed that more respondents (42%) showed their

dissatisfaction towards noise/sound in the hostel rooms. The result is in compliance with

the earlier studies that, when the level of noise in the hostel rooms is beyond the

speculated limit with the background noise in occupied spaces as prescribed by

Acoustical Society of America, it creates discomfort and dissatisfaction to the occupants

in the building indoor32, 33, 34. However, the outcome indicated that students are extremely

pleased (47.9%) with the interpersonal communication that takes place in their rooms.

The degree of satisfaction with interpersonal communication in the hostel could be

attributed to the level of interaction among the students during group discussions and

assignments. Therefore, the result opposed the assertion in the previous study that, indoor

noisy condition is negatively affecting building occupants’ communication and

interaction skills, thus impacting their satisfaction, comfort, wellbeing and performance35.
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Also, the findings revealed that, the higher percentage of respondents stated that the noise

interferes with their ability to concentrate whether during reading or sleeping in the hostel

rooms. This suggests that poor concentration can lead to difficulties with reading,

learning, and sleeping, as well as mental health issues from prolonged exposure, all of

which can affect students' wellbeing, satisfaction, comfort, productivity and overall health.

The outcome was consistent with earlier research showing that residing in noisy

environments can cause concentration impairment and other mental health issues in

occupants36. Additionally, reading, teaching, and learning are all negatively impacted by a

poor acoustic/noise environment, which has an impact on occupants' satisfaction and

wellbeing33, 37.

4.1.3.2.4 Level of Satisfaction with Lighting/Visual Conditions

Visual /lighting in the hostel room is also a component of IEQ attribute examined in this

objective. One-way ANOVA test was performed to examine how respondents across the

four institutions assessed the visual/lighting in their hostel room. Results in Table 4.13a,

revealed that there is a significant difference in the level of satisfaction with visual

reflection and glare in hostel room across the institutions (F = 8.441, p<0.05). The Post-

hoc multiple comparison test further revealed that Abiola Ajimobi Technical University

(mean 3.2) and Lead City University (3.0) scored higher mean than University of Ibadan

(2.9) and Ajayi Crowther University (2.8%). What this result suggests in practical terms

is that, respondents from the former were satisfied with visual reflection and glare in their

hostel room, while the latter were dissatisfied.

Again, results in Table 4.13a revealed that significant difference exists in the level of

respondents satisfaction with electrical/artificial lighting in the hostel room (F= 5.331,

p<0.05). Post-hoc results again showed that respondents from Abiola Ajimobi Technical
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University (3.08) and Lead City University (3.16) scored higher mean than those from

University of Ibadan (2.95) and Ajayi Crowther University (2.85), which suggests that

former were satisfied with electrical lighting in their hostel while the latter were

dissatisfied.

Natural light is the most common source of energy available to occupants. It enhances

visual comfort and other activities. Respondents were asked to rate how often they make

use of natural light in their hostel room. Results in Table 4.13a showed that there is

significant variation in the level of natural light utilization in hostel room across the four

institutions (F= 5.791, p<0.05). The Post-hoc test showed that respondents from

University of Ibadan recorded lower mean (2.2), compared to the other three institutions

(Abiola Ajimobi Technical University (2.4), Lead City University (2.4), Ajayi Crowther

University (2.5). Meaning that respondents from these three universities tended to use

natural light in their hostel room more than those from University of Ibadan.

Respondents were further asked to rate how often they need to adjust or control the

natural lighting in their hostel room. Results indicated that the respondents from

University of Ibadan, Lead City University and Abiola Ajimobi Technical University

with mean scores less than 3.0 rarely adjust or control the natural light in their hostel

room while respondents from Ajayi Crowther with mean score of 3.5, sometimes adjust

or control natural light in their hostel room. The one-way ANOVA results further

revealed that there is significant difference in the level of control of natural light in the

hostel room across the institutions (F= 26.340, p<0.05).
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Table 4.13a: Visual/Lighting Conditions in Hostel Rooms
Items Institution Mea

n
Std.
Devi
ation

Std.
Erro
r

F Sig Tukey B Post-
hoc homogenous
subsets
Sub
set1

Subset
2

On average, how
satisfied are you
visually with
reflection and glare in
your hostel room?

University of Ibadan 2.93 1.078 .053 8.441 .000 2.93
Abiola Ajimobi
Technical University,
Ibadan

3.18 1.249 .083 3.18

Lead city University,
Ibadan

3.04 .995 .051 3.04

Ajayi Crowther
University, Oyo

2.77 .804 .043 2.77

Total 2.96 1.031 .028
How satisfied are you
with the
electrical/artificial
lighting conditions in
the hostel?

University of Ibadan 2.95 1.089 .054 5.331 .001 2.95
Abiola Ajimobi
Technical University,
Ibadan

3.08 1.369 .091 3.08

Lead city University,
Ibadan

3.16 1.058 .054 3.16

Ajayi Crowther
University, Oyo

2.85 1.063 .057 2.85

Total 3.00 1.131 .031
How often do you use
natural lighting in
your hostel room?

University of Ibadan 2.20 1.037 .051 5.791 .001 2.20
Abiola Ajimobi
Technical University,
Ibadan

2.40 .860 .057 2.40

Lead city University,
Ibadan

2.39 .967 .050 2.39

Ajayi Crowther
University, Oyo

2.47 .820 .043 2.47

Total 2.35 .941 .025
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How often do you
need to control or
adjust natural lighting
by yourself in the
hostel room?

University of Ibadan 2.90 1.144 .057 26.34 .000 2.90
Abiola Ajimobi
Technical University,
Ibadan

2.94 1.168 .078 2.94

Lead city University,
Ibadan

2.93 1.016 .052 2.93

Ajayi Crowther
University, Oyo

3.49 .890 .047 3.49

Total 3.07 1.081 .029
Please, rate the level
of artificial lighting
sufficiency for
reading ability in your
room

University of Ibadan 3.14 1.147 .057 3.938 .008 3.14
Abiola Ajimobi
Technical University,
Ibadan

3.14 1.501 .103 3.14

Lead city University,
Ibadan

3.31 1.048 .054 3.31

Ajayi Crowther
University, Oyo

3.38 .762 .040 3.38

Total 3.25 1.103 .030
Source: Researcher’s Field Survey, 2024
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Again, the level of artificial light sufficiency in the hostel room was examined. ANOVA

results in Table 4.13a revealed that significant differences exist in the respondents

perception on level of artificial light sufficiency in their hostel room (F= 3.938, p<0.05).

Based on the Post-hoc results, University of Ibadan, Abiola Ajimobi Technical University

and Lead City University are in group 1, which suggests that respondents from these

institutions are similar in their perception of level of artificial light sufficiency in hostel

room. On the other hand, respondents from Ajayi Crowther University are in group 2.

Going by mean scores obtained in Table 4.13a for each institution, it could be said that

respondents from Ajayi Crowther University rated the level of artificial light sufficiency

higher compared to the other three institutions.
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Table 4.13b: Daily Average Electrical/Artificial Light Used in Hostel Room

Source: Researcher’s Field Survey, 2024

Items

Name of the Institution
Total Chi-

Square
(X)

SigUniversity
of Ibadan

Abiola
Ajimobi
Technical
University,
Ibadan

Lead city
University,
Ibadan

Ajayi
Crowther
University,
Oyo

F (%) F (%) F (%) F (%) F (%)

154.201 .000

Does the artificial lighting of your room affect your ability to study at night
No 161(11.8%) 83(6.1%) 89(6.5%) 36(2.6%) 369(26.9%)
Yes 186(13.6%) 142(10.3%) 204(14.9%) 272(19.8%) 804(58.6%)
Neutral 63(4.6%) 1(0.1%) 87(6.3%) 48(3.5%) 199(14.5%)
Total 410(29.9%) 226(16.5%) 380(27.7%) 356(25.9%) 1372(100.0%)

Daily average of electrical/artificial lighting used in room after daily
academic activities

91.081 .000

1-2 hours 17(1.2%) 6(0.4%) 22(1.6%) 12(0.9%) 57(4.2%)
3-4hours 73(5.3%) 24(1.7%) 109(7.9%) 113(8.2%) 319(23.3%)
5-6hours 121(8.8%) 83(6.1%) 136(9.9%) 125(9.1%) 465(33.9%)
7-8hours 103(7.5%) 47(3.4%) 66(4.8%) 69(5.0%) 285(20.8%)
More than
8 hours

96(7.0%) 66(4.8%) 47(3.4%) 37(2.7%) 246(18.0%)

Total 410(29.9%) 226(16.5%) 380(27.7%) 356(25.9%) 1372(100.0%)
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Likewise, the results in Table 4.13b revealed that more than half (58.6%) of the

respondents across the four institutions said yes, that artificial lighting in their hostel

room affect their ability to study at night, while 26.9% said no but 14.5% remained

neutral in their answer to this question. Among the institutions, the percentage of

respondents from Ajayi Crowther University and Lead City University who said yes, that

artificial lighting affect their ability to study at night is higher compared to other

institutions. The reason for this is not farfetched, among the four institutions; two are

government owned, while two are privately owned. One of the primary challenges facing

public universities (government owned) is erratic grid electricity supply; however, most

private institutions have made alternative arrangement to address the issue of erratic

electricity supply from grid through the provision of generators that work round the clock

to generate electricity in the hostel spaces.

In terms of daily average number of hours respondents use electrical/artificial light in

their hostel rooms for academic activities, results in Table 4.13b indicated that about

33.9% use between 5-6 hours, 23.3% 3-4 hours, 20.8% 7-8 hours, and 18% more than 8

hours. The breakdown of results showed that the percentage of respondents from Lead

City University (9.9%) and Ajayi Crowther University (9.1%), who use artificial light in

hostel room for academic activities between 5-6 hours daily is higher than those from

University of Ibadan and Abiola Ajimobi Technical University. The Chi-square statistics

revealed that significant differences exist in the average number of hours respondents

across the four institutions use electrical lighting in their hostel room for academic

activities (X = 91.081, p<0.05).
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The result from the mean score on students’ average visual satisfaction with reflection

and glare in hostel rooms revealed that most of the residing students across all four

sampled institutions are not fully satisfied in the hostel rooms with a significant

difference in the level of satisfaction with visual reflection and glare in hostel room across

the institutions. This is in compliance with former studies that, dissatisfaction with

reflection and glare in the indoor can cause visual discomfort leading to a negative impact

on occupants’ wellbeing, causing a sensation of annoyance or pain, thereby reducing

productivity38.

Based on the satisfaction level of students with the electrical/artificial lighting conditions

in the hostel room, the mean score result (3.0) showed a strong satisfaction with

electrical/artificial lighting conditions by majority of the students across all sampled

institutions. This implies that the hostel rooms were equipped with the appropriate

artificial lighting conditions. This is in conformity with previous studies on student hostel

in other region that, the occupant students preferred and satisfied with the lighting

conditions in their hostels due to appropriate and adequate equipped electrical/artificial

lighting dimensions33. This may improve building occupants’ visual comfort, attitude &

emotion and enhances focus39. It may also enhance the occupants’ morale, satisfaction,

wellbeing, work quality and productivity35.

On the issue of degree of using/adopting natural light in the hostel rooms, the result

showed a lower total mean score of 2.35, as responded by the students across the sampled

institutions. This therefore implies that, the students are tended to use natural light but

rarely than artificial lighting in their hostel room. It is thereby concurred with previous

research that, natural daylighting provides better visual performance, a key concept to
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satisfaction and wellbeing40. It is also aligned with other study that, the use of natural

lighting influences wellbeing, satisfaction and learning outcomes of the users41.

The study on the frequency of needs to control or adjust natural lighting by the students in

the hostel rooms revealed a total mean score of 3.07, infers that the occupants sometimes

adjust or control natural light in their hostel room. However, some students rarely control

or adjust natural light in their hostel room as indicated by mean scores of less than 3.0 in

some institutions. The control or adjustment of natural daylighting in the hostel rooms is

in conformity with another study in other region that, users who can easily adjust natural

lighting are more comfortable and satisfactory than other users, who are unable to control

natural lighting due to the fact that the indoor illuminance level is in inadequate control in

relation to the outside lighting level42.

In rating the level of artificial lighting sufficiency for reading ability in hostel room, it

was found from the result of mean score that all the students in the hostel rooms across

the sampled institutions claimed that, the level of artificial lighting in the hostel is

sufficient and adequate for reading ability. This therefore supports the affirmation from

other study that, sufficient and adequate artificial lighting increases visual comfort,

concentration to reading, happiness, hence occupants’ wellbeing43. However, more than

half (58.6%) of the respondents across the four institutions declared that their reading

ability at night in their various hostel rooms is seriously being affected/tampered by

artificial lighting due to not more than 5 to 6 hours average daily electrical/artificial

lighting used in their room.

In summary, the satisfaction of the students with indoor environmental conditions of the

hostels is relevant to Sustainable Development Goals (SDGs) 3, 4 and 11 to promote a
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healthier, more productive and sustainable living environment that support learning

performance and overall wellbeing11.

4.1.4 Research Question Four:What are the impacts of IEQ conditions on the wellbeing

of students in the hostel rooms of the selected universities?

4.1.4.1 Level of Students’ Wellbeing in the Hostel Rooms

The results in Table 4.14 indicated that, 48% of students across the four institutions in the

study area agreed that sleep quality in their hostel rooms is good, while 30.6% rated sleep

quality in their hostel rooms fair, 8.3% rated it very good, while 7.7% rated it poor.

Furthermore, the breakdown of results revealed that among the institutions, the number

of respondents who rated the level of sleep quality in their hostel as good is highest in

Ajayi Crowther University (17.3%) followed by Lead City University (12.8%),

University of Ibadan (10.9%) and Abiola Ajimobi Technical University (6.9%).

From the result though, the majority of the students declared that, their sleep quality

(61.7.0%) are not interfered by the indoor conditions of the hostel rooms. It therefore

signifies that, the existing indoor environmental conditions of the hostel rooms have little

or less effect on the occupants’ sleep quality in the hostel rooms. This result against a

related research work that, unsatisfactory and unacceptable indoor environmental quality

is significantly influences/affects quality of sleeping efficiency and satisfactions of

dormitory occupants, causing long-term cognitive disturbances and declined wellbeing of

the occupants44.

Another indicator of wellbeing examined is motivation to wake-up for daily academics

activities. Results (Table 4.14) revealed that less than one-quarter (25.0%) of respondents

across the four institutions stated that they have high motivation to wake-up for daily

academic activities while 25.7% stated otherwise (i.e. have low motivation). Among the
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institutions, the percentage of respondents who agreed that they have high motivation to

wake-up for daily academic activities is highest for Lead City University (high =5.7%,

very high =1.9%), followed by Aajyi Crowther University (high = 3.3%, very high =

2.7%), University of Ibadan (High =5.9%, very high= 0.9%), Abiola Ajimobi Technical

(high = 4.5%, very high=0.1%). For those who stated that they have low motivation to

wake-up daily for academic activities, results showed that the percentage of respondents

from University of Ibadan is highest followed by Abiola Ajimobi Technical University,

Lead City University and Ajayi Crowther University. What this result suggested

therefore, is that students’ wellbeing in hostel rooms in terms of level of sleep quality is

higher in Ajayi Crowther and Lead University compared to others. Also motivation to

wake-up for daily academic activities is higher in the two institutions when compared to

others (University of Ibadan and Abiola Ajimobi Technical University).

However, the result revealed that, the majority of the respondents (49.3%) were neutral to

the level of being motivated to wake-up for daily academics activities, despite having

more students (25.7%) declaring that they were less motivated to wake-up for daily

academics activities than those students (25%) stated otherwise (i.e. highly motivated to

wake-up for daily academics activities). It is therefore revealed that, the occupant students

are less motivated to wake-up for daily academics activities in the hostel rooms, though,

the students are less than half of the total respondents. This finding is therefore

synonymous to earlier study that, poor IEQ conditions impaired occupants’ cognitive

function, worsening the negative effects of low motivation on students’ wellbeing45. It

also supports the assertion that, students with low motivation are less satisfied with their

learning environment and overall physical wellbeing, thus leading to low productivity46.

In terms of the effect of the existing condition of hostel rooms on students’ health, the

results indicated that about 45.3% of the respondents said that the condition of the hostel
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rooms has no effect on their health, 31.9% remain neutral to this question while 22.8%

said it has effect on their health. Furthermore, some sick buildings symptoms were

examined in order to have more insight on the students’ health in the hostel rooms.

Though, the majority of the students declared that, their health status (45.3%) are not

interfered by the indoor conditions of the hostel rooms. Though, these percentages are

less than half of the investigated hostel users. It therefore implies that the existing indoor

environmental conditions of the hostel rooms have little or less effects on the occupants’

health status. This fact is coincided with the prior findings that unsatisfactory and

unacceptable indoor environmental quality affects occupants’ health conditions in the

indoor as well as inversely affecting the occupants’ wellbeing 47.

Furthermore, the results in Table 4.14 indicated that, percentage of respondents across the

four institutions identified at least one or two symptom(s) of sick building symptoms with

the highest percentage of the following: headache (17.9%), dry irritated skin (15.5%),

irritated nose and throat (13.9%), fatigue (13.6%), cold hands and feet (10.7%). What

could be deduced from this result is that, headache, dry irritated skin, irritated nose and

throat and fatigue are sick building symptoms prevalent in the hostel rooms.

This connotes to the previous research that, the building indoor/spaces with poor indoor

environmental quality is related to the emergence of sick building symptoms48. The

finding further connotes with the prior study that the sick building syndrome is a situation

in which building occupants experience, more frequently than expected, a range of

common symptoms causing them to feel unwell, creating a feeling of discomfort with

declined productivity which appear to be linked to the time spent in a building, with no

specific identifiable illnesses. This can be grouped into five major categories: skin

irritation, eye irritation, upper respiratory symptoms, lower respiratory symptoms, and

general or non-specific symptoms49.
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Table 4.14: Students Wellbeing in Hostel Rooms

Name of the Institution Total

University of Ibadan Abiola Ajimobi
Technical
University, Ibadan

Lead city University,
Ibadan

Ajayi Crowther
University, Oyo

F (%) F (%) F (%) F (%) F (%)

Sleep Quality Level in the Hostel Room

Poor 25 (1.8%) 31(2.3%) 25(1.8%) 25 (1.8%) 106 (7.7%)
Fair 174 (12.7%) 50 (3.6%) 103 (7.5%) 93 (6.8%) 420 (30.6%)
Good 150 (10.9%) 95 (6.9%) 176 (12.8%) 237 (17.3%) 658 (48.0%)
Very good 47 (3.4%) 14 (1.0%) 52(3.8%) 1 (0.1%) 114 (8.3%)
Excellent 14 (1.0%) 36 (2.6%) 24 (1.7%) 0 (0%) 74 (5.4%)
Total 410(29.9%) 226(16.5%) 380(27.7%) 356(25.9%) 1372(100.0%)

Motivation to wake-up for daily Academic activities every Morning
Very low 36 (2.6%) 20(1.5%) 33 (2.4%) 14 (1.0%) 103 (7.5%)
Low 101(7.4%) 67(4.9%) 50 (3.6%) 32 (2.3%) 250 (18.2%)
Neutral 179 (13.0%) 76 (5.5%) 193 (14.1%) 228 (16.6%) 676(49.3%)
High 81 (5.9%) 62(4.5%) 78 (5.7%) 45 (3.3%) 266 (19.4%)
Very High 13 (0.9%) 1 (0.1%) 26(1.9%) 37 (2.7%) 77 (5.6%)
Total 410(29.9%) 226(16.5%) 380(27.7%) 356(25.9%) 1372(100.0%)

Existing Indoor Condition of the Room Effect on Health Status
Yes 102 (7.4%) 113 (8.2%) 79 (5.8%) 19 (1.4%) 313 (22.8%)
No 219 (16.0%) 89 (6.5%) 198 (14.4%) 116 (8.5%) 622 (45.3%)
Neutral 89 (6.5%) 24 (1.7%) 103 (7.5%) 221 (16.1%) 437 (31.9%)
Total 410(29.9%) 226(16.5%) 380(27.7%) 356(25.9%) 1372(100.0%)
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Source: Researcher’s Field Survey, 2024

Sick Building Symptoms frequently experienced Indoors
Headache 72 (5.2%) 39 (2.8%) 74(5.4%) 60(4.6%) 245 (17.9%)
Dizziness 34(2.5%) 19(1.4%) 28(2.0%) 26(1.9%) 107(7.8%)
Fatigue 59(4.3%) 27(2.0%) 53(3.9%) 47(3.4%) 186(13.6%)
Dry irrigated
skin

55(4.0%) 37(2.7%) 65(4.7%) 56(4.1%) 213(15.5%)

Irritated nose
and throat

60(4.4%) 33(2.4%) 43(3.1%) 55(4.0%) 191(13.9%)

Irritated eyes 43(3.1%) 17(1.2%) 27(2.0%) 27(2.0%) 114(8.3%)
Asthma 7(0.5%) 3(0.2%) 4(0.3%) 4(0.3%) 18(1.3%)
Cold hands
and feet

35(2.6%) 26(1.9%) 43(3.1%) 43(3.1%) 147(10.7%)

Coughing 34(2.5%) 22(1.6%) 35(2.6%) 33(2.4%) 124(9.0%)
Concentration
difficulty

11(0.8%) 3(0.2%) 8(0.6%) 5(0.4%) 27(2.0%)

Total 410(29.9%) 226(16.5%) 380(27.7%) 356(25.9%) 1372(100.0%)
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4.1.4.2 Examine the effect of IEQ conditions on Students’ Wellbeing in Hostel

Rooms

In order to examine the effect of the IEQ conditions on Students’ wellbeing in hostel

rooms, regression analysis was conducted.

The equation is written as: YDC = C + β1D1 + β2D2 + β3D3 + ............ + βnDn

Whereby:

YDC = Students’ Wellbeing (level of motivation to sleep and wake-up early daily for

academic activities) measured as ordinal

D1 = Level of noise in hostel room (mechanical, indoor, outdoor) measured as ordinal

D2 = Average visual/ lighting in hostel room (daily natural light, electrical/artificial,

visual reflection and glare) measured as ordinal

D3 = Air quality in hostel room (level of smell, dust, stuffy) measured as ordinal

D4 = Thermal conditions (level of thermal sensations, hostel temperature, air movement,

moisture/humidity) measured as ordinal

The results in Table 4.15 indicated that at 0.05 level of significance, there is significant

relationship between the IEQ conditions and students’ wellbeing (39.142, p<0.05). With a

coefficient determination R value of .493, it could be said that the independent variables

(IEQ conditions) accounted for about 49% variation in wellbeing of students in the

hostels. The next step is to identify the contribution of each IEQ component in explaining

variation in wellbeing of students in the hostel rooms. In regression analysis, the

contribution of each independent variable in the model, shows the relevance or

otherwise of the variable in explaining the outcome (dependent variable).
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Table 4.15: ANOVA Result on the effect of IEQ conditions on Students’ Wellbeing in

Hostel Rooms
ANOVAa

Model Sum of
Squares

df Mean Square F Sig.

1 Regression 118.612 4 29.653 39.142 .000b
Residual 1035.606 1367 .758
Total 1154.219 1371
Model Summary
Model R R

Square
Adjusted R
Square

Std. Error of the
Estimate

1 .493a .321 .100 .870

Source: Researcher’s Field Survey, 2024

The contribution of the independents variables (IEQ conditions) in explaining the

outcome (wellbeing of students) is presented in details in Table 4.16. The standardized

beta coefficient values (β) give an insight on the contribution of each independent

variable in the regression analysis. Thus, higher standardized beta value suggests that the

independent variable in question contributes more in explaining variation in the outcome

compared to others. Also, the P-value guides in establishing whether or not an

independent variable in the regression model has any relationship with the dependent

variable (outcome). P < 0.05 shows that there is a significant relationship between the

independent variable in question and the dependent variable (outcome). In against this

backdrop, the results in Table 4.16 are interpreted. Results revealed that indoor air quality

with a standardized beta coefficient (β = -.194, p<0.05) contributed most in the model.

What this means is that, among the IEQ components, indoor air quality has the highest

effect on students’ wellbeing. In other words, indoor air quality which has a function of

smell and dust in the air, in the hostel room has more effect on the students’ wellbeing

compared to other IEQ conditions. A closer look at the standardized beta value revealed

that a negative relationship exists between indoor air quality and students’ wellbeing,
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meaning that, a decrease in the level of dust and smell in the hostel room brings about

improved wellbeing of students.

The next IEQ condition that contributed significantly in the regression analysis in

explaining the wellbeing of students in the hostel room is visual lighting (β = .106,

p<0.05). Visual lighting as shown by the results in Table 4.16 has a positive relationship

with students’ wellbeing. Visual lighting is a function of daily average hours of natural

lighting in the hostel room, daily electricity lighting, visual reflection and glare in the

hostel room. What this result suggested is that, the levels of natural lighting entering a

room, and daily supply of artificial lighting (electricity) have some effect on the students’

wellbeing. When there is regular power supply in the hostel room, students will be

motivated to wake-up at night to study and engage in other academic activities.

The third IEQ condition that contributed significantly in explaining students’ wellbeing is

the thermal conditions of the hostel rooms (β = -.073 p<0.05). Thermal condition of the

hostel room is a function of room temperature, air movements and moisture in the air

(humidity). Again, the results show that there is a negative relationship between thermal

conditions in the hostel room and students’ wellbeing. This means that, a decrease in

room temperature, and air moisture (humidity) enhances students’ wellbeing. When the

room temperate is normal, students will be able to stay indoors to study and also sleep

comfortably at night. On the contrary, extreme (high) room temperature will lead to

regular sweating, lack of sleep, and even lack of concentration while studying in the

hostel rooms.

Lastly, results indicated that acoustic (noise in the hostel room) has little effect

(insignificant) on students’ wellbeing (β = -.027, p>0.05). What this suggests is that noise

from mechanical systems (HVAC, Fan etc), indoor instruments in the hostel room and
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outdoor noise (from traffic, moving vehicles etc) do not have much effect on the students’

wellbeing. However, a salient point from the results is that, the negative standardized beta

coefficient value obtained for acoustic in the regression analysis, which is an indication of

inverse (negative) relationship. Meaning that a decrease in the level of noise in the hostel

room will bring about increase in students’ wellbeing.

However, all these findings are synonymous with previous studies emphasized that, there

is a significant effect/impact between IEQ conditions and health, productivity &

wellbeing 50, 51.

Table 4.16: Contribution of the IEQ Components in the Regression Model
Coefficientsa

Model Unstandardized
Coefficients

Standardize
d
Coefficients

t Sig.

B Std.
Error

Beta

IEQ
Cond
itions

(Constant) 3.711 .085 43.738 .000
Thermal
condition

-.051 .024 -.073 -2.134 .033**

Indoor
Air Quality

-.165 .030 -.194 -5.533 .000**

Acoustic/Noise -.022 .025 -.027 -.864 .388
Visual/Lighting -.084 .025 .106 -3.417 .001**

Note: Statistics is significant at 0.05**

Source: Researcher’s Field Survey, 2024

Finally, the impact of IEQ conditions on students’ wellbeing in hostel rooms is relevant to

Sustainable Development Goals (SDGs) 3 and 4 to promote students’ wellbeing, health,

sustainable living environment and learning success11.
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4.2 Validation of Conceptual Framework of the Study

The conceptual framework presented in chapter two of this study indicated four key

components (thermal, indoor air quality, noise/acoustic and visual lighting) of indoor

environmental quality (IEQ) that influence occupants’ wellbeing and productivity in

building indoors. The perception of these four key components were investigated in the

research, inclusive their influences on the occupant-students’ wellbeing. These four

components together with compass orientations and physical measurement of the hostel

rooms’ layout formed the background for data collection and analysis.

This study revealed the compass orientation of the hostel buildings and physical

dimensions of the hostel rooms’ layout (physical measurements) which comprised of the

floor area of the space, the type, number & percentage area of openings etc. It further

explained the adequacy of IEQ components of thermal comfort, IAQ, lighting & acoustic

and investigated the satisfaction levels with thermal, IAQ, lighting/visual and acoustic

conditions in the hostels. The study therefore confirmed that, there is a significant

influence between these factors and students’ wellbeing.

Further key issues investigated in this study were to examine level of students’ wellbeing

in the hostel rooms and thus examining the impacts of IEQ components on the level of

students’ wellbeing. Attempt has been made to achieve this goal by considering the

perception of students toward their preferences to thermal condition, indoor air quality

(IAQ), visual/lighting comfort and noise/acoustic comfort, in the hostel indoors. As

regard to thermal condition of the hostel room, the analysis of the survey data identified

thermal sensation, thermal preferences, and sensations of air movement and humidity as

indicators. It was shown that, the indoor thermal condition of the hostel room is
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unsatisfactory and uncomfortable and extremely influencing the overall wellbeing of the

students.

As well, for the survey analysis of indoor air quality (IAQ) in the room, the study

identified the frequency of window openings, level of smell in hostel room, degree of dust

entering the room and level of stuffiness in the hostel room. The result confirmed that, the

indoor air quality (IAQ) condition of the hostel rooms is poor and contaminated as a

result of low ventilation rate, and indoor & outdoor contaminants. It is further revealed

that, the indoor air quality (IAQ) of the hostel room is significantly influencing the health

and wellbeing of the occupants. All the same, the survey analysis of noise/acoustic of the

hostels identified level of noise/sound, level of speech communication and sources of

noise in the hostel as indicator. It was revealed that, the noise in the hostel is neither

comfortable nor satisfactory, thereby having strong significant effects on students’

wellbeing and productivity.

Finally, the indicators explaining the visual/lighting perception of students in the survey

analysis of this study are the level of satisfaction with reflection & glare, level of

satisfaction with natural and artificial lightings, frequency of controlling natural and

artificial lightings, period of artificial lighting usage and level of sufficiency of natural

and artificial lightings, in the hostels. The finding thus signified that, the visual/lighting

condition in the hostel rooms has a strong significant impact on the wellbeing of the

students residing in the hostels. As a result, using the result of this research, a validated

conceptual framework for evaluating the effects of indoor environmental quality (IEQ) on

the wellbeing of the students in the hostel rooms is presented in figure 4.5 below
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(SDGs 3, 4 & 11)

,

Figure 4.5: Validation of Conceptual Framework

Source: Researcher’s Compilation, 2024
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Chapter Five

Conclusion

5.1 Summary of Findings

The thesis presented the evaluation of Indoor Environmental Quality of hostel rooms on

students’ wellbeing in selected universities in Oyo State, Nigeria through the

determination of compass orientation of the hostel building and physical dimensions of

the hostel rooms, examining the adequacies of IEQ components of thermal comfort,

Indoor Air Quality, acoustic and lighting in the hostel rooms (Objective measurement)

and the administration of questionnaires (subjective measurement), thereby adopting both

descriptive, explorative and inferential statistical techniques. For the descriptive statistics,

mean, mode, standard deviation, cross-tabulation and simple percentages were applied,

while regression analysis, one-way analysis of variance (ANOVA), Chi-Square and

correlation analysis were adopted for the inferential statistics. The research revealed that,

the students’ satisfaction with IEQ components in hostel rooms varied among the four

universities in the research area and equally showed that IEQ components influence

students’ wellbeing.

The study revealed from the socio-economic information of the residing students that, the

students’ across all the four institutions under study reflected diversity in age, gender and

body weight, leading to significant differences in the students’ perception/responses to

IEQ conditions in the hostels. Hence, the least and the most prevalent diversity in age,

gender and body weight ranged from 5.6% (27 years above) to 47.2% (18-20 years) for

age; 36.9% (Female) to 62.5% (Male) for gender and 0.4% (100 kg above) to 27.3% (61-

70 kg) for body-weight respectively. It was further revealed that students spent more of
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their daytime (averagely 60%) in the hostel rooms especially at night for reading

activities, assignments and sleeping to prepare for the next day activities.

The study further revealed through the analysis of the hostel buildings’ orientation and

physical dimensions of the hostel rooms that, all hostel halls/buildings exhibit diverse

characteristics such as geometry/form; number of floor; number of loading; headroom

and window number, position, orientation & type. It therefore revealed that, all these

building components characteristics of all hostel halls are in one way or the other

significantly influencing IEQ conditions in the indoor, thus, enhancing students’ comfort,

satisfaction, health, productivity and wellbeing. The study revealed further that, the hostel

building of U-shaped, single-banked, adequate headroom with the openings facing North-

South or Southeast-Northwest directions and window-type facilitating adequate

ventilation, promotes comfort and satisfactory indoor conditions thus enhancing

occupants’ wellbeing. This study is aligned with Sustainable Development Goals (SDGs)

3, 4, 7, 9 and 11 for maximizing natural light, passive heating or cooling and positively

impacting health & wellbeing of the students.

Furthermore, the investigation on the adequacies of IEQ components of thermal, IAQ,

acoustic and lighting showed that, the rate of indoor air flow was considered adequate in

all the hostel spaces in the study area, however, IEQ conditions of thermal, IAQ, lighting

and acoustic/noise were inadequate, unsatisfactory and uncomfortable in most of the

hostel spaces due to inadequate and falling short to recommended standards of

percentages of window/wall area (30-50%) and window/floor area (20-30%) ratios. This

study therefore related to Sustainable Development Goals (SDGs) 3, 7, 9 and 11 in

reducing energy consumption and promoting sustainable & resilent infrastructures.
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Consequently, 52.8% of respondents perceived the thermal perception in their dormitories

in the morning time to be cool, 39.7% perceived it to be warm in the afternoon and

43.5% perceived it to be cool at night. Greater than half of respondents across the four

institutions in the study area rated the quality of air movement/ventilation rate in their

hostel room as good and desirable. In terms of moisture/humidity, 33.4% perceived their

hostel indoor to be humid during morning period, 37.2% slightly dry in the afternoon and

35.9% humid at night. The result revealed that the dormitory occupants were

unsatisfactory and not comfortable with the existing indoor thermal conditions of the

hostel spaces. The outcomes of this study revealed that the indoor air quality condition of

the hostel rooms is smelly, dusty and stuffy as a result of low ventilation rate, and indoor

& outdoor contaminants. As regard to lighting in the hostel, it was found that the hostel

occupants are satisfied and comfortable with the sufficiency and adequacy of both the

natural and artificial lightings, though there was more dependency on artificial lighting

than natural daylight. This enhances their visual comfort, concentration to reading and

improves the wellbeing of the students in the hostel rooms. However, it was revealed that

one-quarter (26.1%) of respondents across the four institutions stated that

electrical/artificial lighting affect their ability to study at night due to an average of 5-8

hours daily usage of electrical/artificial lighting. Thus, the study is similar to Sustainable

Development Goals (SDGs) 3, 4 and 11 to promote comfortable, healthy, livable and

sustainable indoor environments for the enhancement of productivity and overall

wellbeing of the occupants.

It was discovered from this study that, the students’ wellbeing is highly affected by the

uncomfortable and unsatisfactory indoor environmental conditions of the hostel rooms.

This is revealed through the significant impact imposed on the students through
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inefficient sleeping, low motivation to wake up earlier in the next morning for the daily

activities and decline in health status. Furthermore, it was shown that, the sick building

symptoms mostly prevalent in the hostel rooms are headache, dry irritated skin, irritated

nose and throat and fatigue, resulted from unfavorable and unsatisfactory conditions of

the hostel rooms. Therefore, the students’ wellbeing is highly affected in the hostel rooms.

It was further noted that all IEQ components except noise are having significant impact

on the students’ wellbeing in the hostel rooms. Also, indoor air quality (IAQ) and

acoustic/noise were rated as the highest and lowest contributors respectively to students’

wellbeing among the IEQ components investigated. All of these components or variables

exhibit adverse effects on sleeping quality, reading comprehension/concentration, health

issues including fatigue and headaches and finally on the students’ wellbeing. The result

is aligned with Sustainable Development Goals (SDGs) 3 and 4 for the enhancement of

heathier, productive and sustainable indoor environment.

5.2 Conclusion

This study contributed to the critical evaluation of IEQ components on students’

wellbeing residing in hostel rooms in selected universities in Oyo State, Nigeria so as to

enhance the productivity and well-being of the hostel occupants. To achieve this goal, the

objectives were developed and assessed through data analysis and adopting both

descriptive, explorative and inferential statistical techniques. Consequently from the

objective measurement of the hostel rooms (physical measurement), it was inferred that,

irrespective of the hostel design, the windows should be designed in such a way that it

permits adequate ventilation into the indoor considering the adequate and proper type &

number of openings, adequate ceiling height, building geometry, window orientation in

north, south, south-east or north-west directions, adequate indoor rate of ventilation,
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sufficient window/wall area and window/floor area ratios etc in relation to indoor spaces

designs. From the study also, it was ascertained that students’ hostel is usually a shelter

that accommodates large number of occupants in a limited area with a lot of time spent

inside the buildings. The finding confirmed that at least 3-4 students are accommodated in

a hostel room and spent about 6 to 14 hours mostly at night. Therefore, it is pertinent to

all stakeholders to advocate good considerations for quality indoor environmental

components within students’ residences and not to be neglected during design

conceptualization.

In the same regard, it was found that thermal condition of the hostel rooms is

unsatisfactory and uncomfortable. This is due to the comfort range for thermal parameters

falling below the 80% ASHRAE Standard requirement. Therefore, it was found that

students residing in the most of naturally ventilated hostel buildings in Nigeria's warm-

humid climate are experiencing an unfathomable degree of indoor thermal discomfort,

which has a daily negative impact on the students’ productivity and wellbeing. As such,

thermal comfort conditions within hostel buildings should be carefully taken into account

in design practices to ensure satisfactory human thermal comfort.

Likewise, the outcome indicated that, indoor air quality (IAQ) in the hostel indoor is poor,

smelly, dusty and stuffy. Therefore, the design and construction of students’ hostel should

permit proper and adequate ventilation rate especially through a cross-ventilated window

openings. This allows stale air escapes through the opposite side openings, if any. The

result reported visual comfort and satisfaction to both natural and artificial lightings in the

hostel rooms but complained of affecting their concentration to reading at night due to

low usage of artificial lighting at daily average of 5-8 hours. This implies that the

designers must primarily improvise natural daylight using proactive approaches such as
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appropriate building orientation, window opening locations and sizes, and the use of

suitable shading designs and devices. This can be incorporated with artificial or electrical

lighting that is only utilized at night so that students can read and complete any

assignments they may have in the hostels and thereby improving their cognitive/mental

wellbeing.

Also, it is noted that indoor air quality, visual lighting, thermal and noise are in orderly

contributed to health symptoms like headache, fatigue and others which

adversely/negatively contributed to students’ wellbeing in hostel rooms. Therefore,

providing a conducive indoor environment could be a promising means of preventing

students from exposure to preventable illnesses like sick building syndrome (SBS) hence

enhances the productivity and wellbeing of the students residing in the hostel rooms.

However, it was confirmed from the regression analysis result that the IEQ components

of indoor air quality, visual/lighting and thermal comfort are strongly significant to

wellbeing of the students while acoustic/noise condition has little effect or insignificant to

students’ wellbeing.

Finally, the submission revealed that indoor environmental quality in the students’ hall of

residence is highly vital for better sleeping environment, health, productivity and

wellbeing of the students. However, poor indoor environmental quality resulted to

declined wellbeing, and more frequent complaints if and when accommodations are not

comfortable and unsatisfactory to the students. It is thus concluded that the architects play

an important role in ensuring a comfortable hostels design and planning for the users for a

considerable indoor comfort and satisfaction so as to enhance the quality of sleep, health

and wellbeing of the residing students in the hostels.
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5.3 Recommendations

As a result of findings that emphasize hostel rooms’ Indoor Environmental Quality (IEQ)

and its effects on students’ wellbeing in selected Universities in Oyo state Nigeria, the

following recommendations are made:

1. To achieve the goal of improving the wellbeing, health & sleeping qualities/conditions

of the hostel occupants, all stakeholders/policy makers (government, school management)

concerned should consider all IEQ components identified in this study in the course of

developing passive architectural design strategies.

2. Design professionals should expedite efforts in the bid of discharging their tasks to

seriously consider climate-responsive design strategy at the conceptualized design stage

as one of the crucial methods for promoting and enhancing occupants’ productivity and

well-being.

3. To permit the escapes of stale, still, stuffy and smelly indoor air quality, cross

ventilation that is mostly responsible for sustaining the indoor environmental quality in

naturally ventilated building is necessary. In achieving this, windows should be placed

along the north and south walls, however reducing or totally avoiding windows along east

and west walls. To obtain essential and good cross-ventilation in a warm and humid areas,

there should be multiple openings in more than one wall, preferably opposite walls.

Subsequent to the outer wall openings in double banked buildings, there must be openings

in forms of windows and/or permanent ventilation in internal walls to allow free flow of

indoor air. Additionally, shading devices should be installed for windows exposed to

direct sunlight, and high-level window openings are crucial for generating ventilation

through the stack effect and wind.
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4. Lighting is an important indoor environmental components in any building. It is

therefore, the responsibility of the designers to choose an appropriate lighting types and

layouts with suitable dimensions to achieve an optimum lighting environment. Hence, the

lighting dimensions that should be considered in any building includes the lighting level

(illumination and lamination), light transmission and consistency, and glare control.

However, architects need to be cautious of daylighting approaches flaws that may lead to

shortcomings, causing visual discomfort, impede vision, increasing energy demands

excessively, and increase interior heat gain, which can stimulate declined wellbeing.

5. In hostel design, the designers should put into considerations of the acoustic

performance standards for a better reading, learning and sleeping. An effective acoustical

condition can filter or block outdoor noise from penetrating the indoor ambiences.

6. It is extremely important to minimize noise and improve the acoustical conditions of

the student hostel ambience. Therefore, interior design strategies such as spatial design,

building shape, sound absorbing materials and strategically placement of electrical

appliances like air-conditioning units should be adopted in order to manage and put noise

pollution under control in the indoors.

7. It is very vital at the early design stage that the architects should embrace a proper

interpretation of building orientation, geometry, number of loading, adequate headroom,

window position & number etc with regard to the climate-responsive parameters so as to

enhance building indoor environmental quality. These techniques including proper

building orientation, proper building geometry, adequate headroom, adequate spacing

between buildings, introduction of fountain between buildings for evaporative cooling,

avoid high-rise hostel building, avoid double-loading design, among others.
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5.4 Contribution to Knowledge

The research adds to the corpus of scientific knowledge in the fields of sustainable

building design through the study of indoor environmental quality with regards to the

built environment. The study therefore:

1. Established that, the orientation of the hostel buildings is very vital at the

conceptualized design stage. Therefore, hostel buildings should be orientated

along East-West direction with its openings facing N-S or SE-NW direction to

avoid direct penetration of sunlight that can cause heat gain and declined

wellbeing in the indoor. However, where openings can not be avoided from direct

infiltration of sunlight, sun-shading devices should be adopted.

2. Contributed that, the percentages of Window-Wall Ratio (WWR) and Window-

Floor Ratio (WFR) were not adequately considered for the students’ hostels

design to enhance comfort, satisfaction and wellbeing of the occupants. Thus,

making thermal, IAQ, lighting and acoustic comforts of the hostels inadequate,

uncomfortable and unsatisfactory.

3. Established that, the indoor ventilation rates should be more enhanced for the

improved occupants’ satisfaction, comfort, productivity and wellbeing. This can

be enhanced through the design of hostel buildings with single loading on access

corridors with adequate window openings in opposite walls for proper cross-

ventilation.

4. Established that, the hostel occupants were neither comfortable nor satisfactory

with the IEQ components (thermal, IAQ and acoustic) of the hostel rooms.

Therefore, the occupants are experiencing a declined overall wellbeing in the

hostel indoors.
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5. Established a strong significant relationship between IEQ components (IAQ,

visual/lighting and thermal) and the wellbeing of students, however, an

insignificant relationship exists between students’ wellbeing and sound/noise in

the hostel rooms. Therefore, establishing that IEQ components are significantly

affecting the students’ wellbeing in the indoors.

6. The study established that, poor indoor air quality component of IEQ mostly

contributed significantly to students’ discomfort, dissatisfaction and poor

wellbeing state in hostel buildings.

7. Established that, IEQ components of hostel rooms are having only32.1% impact

level on students’ wellbeing in the hostel indoors.

8. Established an affiliation to Sustainable Development Goals (SDGs) 3, 4, 7, 9 and

11 designed by the United Nations to enhance sustainable development and build

a more comprehensive future globally. The finding therefore, improves health &

hygiene, enhances quality of learning and promotes environmental sustainability,

thus, supports students’ wellbeing.

5.5 Suggested Areas for Further Research

There are several areas that can be assessed for further research in understanding the

effects of indoor environmental quality on building residents. Some of these include:

1. Comparative assessment of indoor environmental quality (IEQ) on students’

wellbeing in other public and private universities’ hostels, not assessed in this

study. Research can be conducted to compare and contrast between the impacts of

IEQ on students’ wellbeing in other public and private universities’ hostels (not

included in this study) in Oyo State Nigeria. This will enhance researchers have

in-depth knowledge on the contributing factors endangers occupants’ wellbeing
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and productivity in University’s hostels. It will also pinpoint on the best climate-

responsive hostel designs in Nigerian universities.

2. The findings revealed that IEQ components are significant to students’ wellbeing

and there exists only 32.1% impact/influence level. Therefore, IEQ variables other

than the ones (thermal, Indoor Air Quality, Lighting and Acoustic) investigated in

this study that may influence the students’ wellbeing in the hostels should be

researched. This is to analyze the impacts of different variables on students’

wellbeing in the hostels.

3. The use of objective measurement, based on experiments, to determine the

impacts of IEQ components on occupants’/users’wellbeing and productivity in

offices, domestic homes, hostels etc.

4. The assessment of window orientation and design in enhancing occupants’

productivity and wellbeing in dwelling homes, offices and educational buildings.

5. Assessment of indoor environmental quality (IEQ) components on occupants’

health and sleeping efficiency in selected universities’ hostels. Researches can be

done to confirm the effects of IEQ components on health and sleeping qualities of

the students in the hostel indoors. This will facilitate in-depth knowledge to the

researchers about the association between efficient sleeping, productivity and

wellbeing.

6. Assessment of Visual Lighting and its effect on students’ health and productivity

in University Dormitory. The study can be done to evaluate the impacts of visual

lighting on occupants comfort, health, satisfaction and productivity in the hostels.

This will enhance thorough knowledge to the prospective researchers/lighting

designers to decide appropriate lighting types and layouts with suitable
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dimensions to achieve an optimum lighting environment so as to cater for all

possible functions at all diverse levels in improving psychological benefits.

7. The impacts of Noise pollution on occupants’ wellbeing in domestic homes,

offices and other academic buildings/offices. Research can be conducted to

explore noise conditions effects on the residents of domestic homes, staff offices

etc as the unfavourable noise condition endangers concentration, sleeping

conditions, health, productivity and wellbeing in the buildings. This will expedite

the knowledge to research and acquire learning and understanding about the

different types of acoustics that can be implemented in the indoors based on the

degrees of existing noise pollutions in the homes, offices etc

8. Indoor Air Quality (IAQ) assessment on occupants’ productivity. Research can be

conducted on the causes and effects of IAQ on occupants comfort and health with

its relationship to productivity in the indoors. This will give insight to the

prospective researchers on the dangerous/detrimental effects of IAQ to the

occupants’/users’wellbeing, health and productivity to provide adequate openings

for the free air flows into the buildings at the conceptual stage by the designers

In conclusion, these are just few areas for further researches in architectural

climatic/scientific studies for achieving sustainable quality of indoor ambiences in

enhancing or improving occupants’ comfort, satisfaction, productivity and wellbeing in

the building interiors. It is therefore pertinent to explore these and other areas to develop

effective and sustainable climate-responsive techniques that can assist reduce the impacts

of unfavourable and unsatisfactory indoor environmental quality parameters/components.
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Sources: Researcher’s Fieldwork, 2024
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Appendix II

Department of Architecture

Lead City University, Ibadan.

Evaluation of Hostel Rooms’ Indoor Environmental Quality and its effects on
Students’ Wellbeing in Selected Universities in Oyo State, Nigeria

Dear Respondents,

Indoor Environmental Quality (IEQ) is a quality of building’s environment in
compliance to the occupants’ health, productivity and wellbeing. It is also an
acceptable levels of comforts benefitted from thermal, lighting/visual, acoustic and
Indoor Air Quality (IAQ)

This questionnaire is designed to collect information on the evaluation of Indoor

Environmental Quality components of hostel rooms and its effect on students’ wellbeing

in selected Universities, Oyo State, Nigeria. You are kindly implored to provide

appropriate answers in response to each question. Be rest assured that the information

provided will be treated confidentially and used only for academic purpose.

For any information, contact:

Name of Researcher: Oguntunde, David Olaolu

Mobile Phone number/Whatsapp number: +234 805 422 4358.

E-mail: oguntunde.david@lcu.edu.ng

Thanks for your time and cooperation.

Name of the Institution: …………………………………………………………………..

Name of Hostel: ……………………………………………………………………………

Instruction: Please, answer each question as completely and clearly as possible by

ticking ( *) appropriately in the boxes provided. Some questions may require you to tick

one answer only while others may request you to tick more than one.

PART A: Respondent’s Socio-Economic Information.



306

1. Age: (a) Below 18 ( ); (b) 18-20 ( ); (c) 21-23 ( ); (d) 24-26 ( ); (e) 27 and above ( )

2. Gender: (a) Female ( ); (b) Male ( ); (c) Prefer not to say ( )

3. Level of study: (a) 200 ( ); (b) 300 ( ); (c) 400 ( ); (d) 500 ( ); (e) M.Sc. I ( ); (f) M.Sc.

II ( ).

4.Weight (in Kg): (a) 40 and below ( ); (b) 41-50 ( ); (c) 51-60 ( ); (d) 61-70 ( ); (e)

71-80 ( );

(f) 81-90 ( ); (f) 91-100 ( ); (g) 100 and above ( ).

5. Number of occupants in hostel room: (a) 1-2 students ( ); (b) 3-4 students ( ); (c) 5-

6 students ( );

(d) 7-8 students ( ); (e) More than 8 students ( ).

6. Period of Occupancy: (a) 1-2 months ( ); (b) 3-4 months ( ); (c) 5-6 months ( ); (d)

7-8 months ( );

(e) 9-10 months ( ); (f) 11 months and above ( ).

7. Time of the day mostly spent in Hostel room per day:

(a) Morning: 5:00am -11:59am ( ); (b) Afternoon: 12noon – 4:59pm ( ); (c)

Evening/Night: 5:00pm – 11:59pm ( ).

8. Average duration of time mostly spent in Hostel room per day:

(a) 3-5 hrs ( ); (b) 6–8 hrs ( ); (c) 9–11 hrs ( ); (d) 12–14 hrs ( ); (e) 15-17 hrs ( ).

PART B: (This part is sub-divided into three (4) sections).

The objective is to examine the satisfaction of the students with the Indoor Environmental

Quality conditions in the hostel rooms of the selected universities.

SECTION I: Assessment of Thermal Conditions in the Hostel Rooms.

1. Please, rate your thermal comfort sensation in the hostel room. Please tick.

Timings

THERMAL SENSATIONS

Cold Cool Slightly

Cool

Neutral Slightly

warm

Warm Hot

Morning

Afternoon

Night

2. How do you prefer your hostel room temperature to be? Please tick.
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Timings

THERMAL PREFERENCES (The preference may vary depending

on the season)

Much cooler Cooler No change Warmer Much warmer

Morning

Afternoon

Night

3. How will you rate the air quality in your room?

Timings

SENSATION OF AIR MOVEMENT

Excellent Very Good Good Fair Poor

Morning

Afternoon

Night

4. How do you feel the moisture in air/humidity in your room?

Timings

SENSATION OF MOISTURE IN AIR (HUMIDITY)

Dry Slightly dry No change Slightly humid Humid

Morning

Afternoon

Night

5. Please, assess the overall thermal comfort in your room.

(a) Very-Uncomfortable ( ); (b) Slightly- Uncomfortable ( ); (c) Neutral ( ); (d)

Slightly-Comfortable ( ); (e) Very-Comfortable ( ).

SECTION II: Assessment of Indoor Air Quality in the hostel rooms.

1. How often do you open the windows in your hostel room?

(a)Never ( ); (b) Rarely ( ); (c) Sometimes ( ); (d) Often ( ); (e) Always ( ).

2. How smelly is the hostel indoor air?
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(a) Extremely smelly ( ); (b) Moderately smelly ( ); (c) Somewhat smelly ( ); (d)

Slightly smelly ( ); (e) Not at all smelly ( ).

3. How dusty is the air entering into the room?

(a)Extremely dusty ( ); (b) Moderately dusty ( ); (c) Somewhat dusty ( ); (d) Slightly

dusty ( ); (e) Not at all dusty ( ).

4. How stuffy is the air quality in your room?

(a)Very stuffy ( ); (b) Stuffy ( ); (c) Neutral ( ); (d) Fresh ( ); (e) Very Fresh ( ).

5. On average, how satisfied or dissatisfied are you with the air quality of your hostel

room?

(a)Very dissatisfied ( ); (b) Slightly dissatisfied ( ); (c) Neutral ( ); (d) Slightly-satisfied

( ); (e) Very satisfied ( ).

SECTION III: Assessment of Acoustics/Noise in the Hostel Rooms.

1. How satisfied are you with the sound/noise level in the hostel?

(a)Very dissatisfied ( ); (b) Slightly dissatisfied ( ); (c) Neutral ( ); (d) Slightly-satisfied

( ); (e) Very satisfied ( ).

2. How satisfied are you with the quality of speech communication between you and your

room-mates in the hostel room?

(a)Very dissatisfied ( ); (b) Slightly dissatisfied ( ); (c) Neutral ( ); (d) Slightly-satisfied

( ); (e) Very satisfied ( ).

3. Does the noise in the hostel affect your ability to concentrate or study in your room?

(a)Yes ( ); (b) No ( ); (c) Neutral ( ).

SECTION IV: Assessment of Visual/Lighting in the Hostel Rooms.

1. On average, how satisfied are you visually with reflection and glare in your hostel

room?

(a)Very dissatisfied ( ); (b) Slightly dissatisfied ( ); (c) Neutral ( ); (d) Slightly-satisfied

( ); (e) Very satisfied ( ).

2. How often do you use natural lighting in your hostel room?

(a) Always (b) Often ( ); (c) Sometimes ( ); (d) Rarely ( ); (e) Never ( ).

3. On daily average, how many hours of natural lighting do you use in your hostel rooms?

(a) 1-4 hours (b) 5-8 hours ( ); (c) 9-12 hours ( ); (d) 13-16 hours ( ); (e) More than 16

hours ( ).
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4. How often do you need to control or adjust natural lighting by yourself in the hostel

room?

(a) Always (b) Often ( ); (c) Sometimes ( ); (d) Rarely ( ); (e) Never ( ).

5. How satisfied are you with the electrical/artificial lighting conditions in the hostel?

(a)Very dissatisfied ( ); (b) Slightly dissatisfied ( ); (c) Neutral ( ); (d) Slightly-satisfied

( ); (e) Very satisfied ( ).

6. On daily average, how long is the electrical/artificial lighting used in your room after

daily academic activities?

(a) 1-2 hours (b) 3-4 hours ( ); (c) 5-6 hours ( ); (d) 7-8 hours ( ); (e) More than 8 hours(

7. Please, rate the level of artificial lighting sufficiency for reading ability in your room

(a)Very insufficient (b) Insufficient ( ); (c)Unsure ( ); (d)Sufficient ( ); (e)Very

sufficient

8. Does the artificial lighting of your room affect your ability to study at night in the

hostel?

(a)Yes ( ); (b) No ( ); (c) Neutral ( ).

9. How do you control or adjust natural/artificial lightings in your room? Please, tick

more than one if applicable.

(a) Window blinds or shades ( ); (b) Light dimmer ( ); (c) Light switch ( ); (d) Wall

bracket light (e)None ( ).

10. How satisfied are you with the overall natural lighting conditions in the hostel?

(a)Very dissatisfied ( ); (b) Slightly dissatisfied ( ); (c) Neutral ( ); (d) Slightly-satisfied

( ); (e) Very satisfied ( ).

PART C: The objective is to establish the impacts IEQ conditions on students’ wellbeing

in the hostel rooms of the selected universities

1. To what extent is the Indoor Environmental Quality (IEQ) components affect your

concentration to study in the hostel room?

(a) No effect (b) Minor effect ( ); (c) Neutral ( ); (d) Moderate effect ( ); (e) Major effect

2. How much is your wellbeing be affected by the following Indoor Environmental

Quality (IEQ) components in the hostel room?
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Extremely

Affected

Very

Affected

Moderately

Affected

Slightly

Affected

Not at all

Affected

Thermal condition

Indoor Air Quality

Acoustic/Noise

Visual/Lighting

3. Please, rate your sleep quality level in the hostel room.

(a)Poor ( ); (b) Fair ( ); (c) Good ( ); (d) Very good ( ); (e) Excellent ( ).

4. Rate your level of motivation to wake-up for daily academic activities every morning?

(a)Very low ( ); (b) Low ( ); (c) Neutral ( ); (d) High ( ); (e) Very high ( );

5. Does the existing indoor condition of the room affect your health status?

(a)Yes ( ); (b) No ( ); (c) Neutral ( ).

6. Please, indicate any Sick Building Symptom frequently perceived in your hostel indoor.

Please, tick more than one if applicable.

(a) Headache ( ); (b) Dizziness ( ); (c) Fatique ( ); (d) Dry/Irritated skin ( ); (e) Irritated

nose & throat ( ); (f)Irritated eyes ( ); (g)Asthma ( ); (h) Cold hands & feet ( );

(i)Coughing ( ); (j)Concentration difficulty( ).

7. Which of the following do you recognize as the source of poor indoor air quality in

your room? (Note: Tick more than one if applicable).

Sources Yes No Neutral
Odour from New Furniture
Smoking smell
Electronic equipment such as computer, photocopier,
printer etc
Outdoor pollution like dust entering the building
Cooking
Chemical substances smell
Visible signs of moisture damage
Mold/cedar-like odour
Paint smell
Perfume and Air Fresheners smell
Pesticide or Insecticide odour
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8. Do any of the above sources of poor indoor air quality indicated in your hostel room

affect your concentration and motivation to studying? (a)Yes ( ); (b) No ( ); (c) Neutral

( )

If the answer to the above is Yes, kindly indicate the source that affects your

concentration and motivation to studying the most

………………………………………………………………………..

9. On average, how much does the noise from the following sources disturb you in the

hostel?

SOURCES OF NOISE

Level of Noise Disturbance

Very

disturbing

Slightly

disturbing

Neutral Slightly

un-

disturbing

Very un-

disturbing

Noise from Mechanical

system (HVAC, Fan etc)

Noise from

Indoor

(Instrumentations,

Radio, Phones, Music

etc)

Noise from Outdoor

(Traffic, Corridors etc)

Thank you
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 Notable Scholarly / Professional Accomplishment

o Departmental Award for the Third Best Student in Architectural Design Studio

(Part IV), 2003/2004 Session, Obafemi Awolowo University, Ile-Ife Osun State.

o Commendation Letter by Busy Int’l Secondary School, Nimo, Anambra State
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University, Ibadan.
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 Hardworking, Team player and ability to work under considerable

pressure.
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 High level of Honesty, Integrity, Self-regulation and Transparency.

 Willingness to Learn.

 High Teaching abilities with skills and talents.

 Working under little Supervision.
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