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Abstract 

The prevalence of modern residential buildings without adequate consideration of changes in user’s needs 

and preferences in urban centres of South-eastern Nigeria is becoming more worrisome. This study therefore, 

evaluated the level of knowledge and implementation of bioclimatic principles/practices in modern 

residential buildings by building design and construction professionals. It assessed the adequacy of 

bioclimatic elements and occupant level of satisfaction based on selected environmental performance 

criteria. It employed survey approach and analysed the survey data using mean score index, correlation 

coefficient and t-test statistics. The result showed a low level of implementation of bioclimatic 

principles/practices in spite of high level of knowledge about bioclimatic principles/practices by the building 

professionals. It also found that bioclimatic elements/features in modern residential buildings were 

inadequate and thus, high level of occupants’ dissatisfaction with environmental performance of the 

buildings. The study further found that adequacy of bioclimatic elements was significantly and positively 

correlated with the level of implementation of bioclimatic principles/practices and occupants’ level of 

satisfaction. However, a moderate and insignificant positive relationship was found between the level of 

knowledge and implementation of bioclimatic principles/practices. This therefore, suggested a need for 

building professionals to transform their knowledge of bioclimatic principles into practice for an improved 

performance. This would create a balance between traditional values and modernisation and a more 

comfortable home for living.  The study then advocated for a revisit to existing building design and 

construction laws, policies and codes, and/or institutionalising new regulations that would accommodate 

bioclimatic peculiarities of South-eastern Nigeria. 
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1. Introduction 

Building especially residential buildings consume 

significant amount of energy [1]. Likewise, the 

energy consumption associated with buildings has 
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a significant impact on the environment including 

climate change [2]. Specifically, around 40% of 

energy is consumed in buildings worldwide today 

with more new buildings being built everyday [3,4]. 
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In some countries, buildings significantly 

contribute and account for up to 45 % of the primary 

energy consumption [5-7]. Similarly, embodied 

energy and greenhouse gas (GHG) emissions due to 

building sector amounts to approximately 20% of 

the entire global energy consumption and GHG 

emissions [8]. 

 Unfortunately, Convertino et al. [9] observed 

that in the last decades, there has been intense 

internationalisation in architectural style, 

indifference toward local climatic conditions and 

tendency to mechanical control of hygrothermal 

parameters, thus giving rise to increased 

environmental consequences. Alcázar and Chávez 

[10] argued that the modern construction practices 

usually pay little attention to energy efficiency or 

environmental impacts they cause despite that 

Gruber et al. [11] have found that the socio-

economic development of modern societies and 

technological progress give rise to a continuously 

increasing energy demand. Worse still, the 

traditional architecture and vernacular buildings 

which had some attributes of sustainability have 

been regarded as outdated and old fashioned. The 

result of this has been attendant energy crisis, 

climate change, global warming, rising cases of 

flooding, heat wave, and other associated 

environmental, economic and social problems 

[12,13]. 

 In the South -eastern Nigeria, the situation is not 

different. Urbanisation, exponential urban 

population growth, advancement in technology and 

quest for modern lifestyle have induced rapid 

increase in the number of residential buildings of 

different kind and size without regard to the 

principles of bioclimatic architecture and 

sustainability. The plethora of many sophisticated 

but ineffective and dysfunctional building stocks 

has caused an excessive increase in energy 

consumption due to daily anthropogenic activities, 

as well as new infrastructure require increased 

energy use for function properly [14]. This has 

negated one of the main concerns in sustainability 

which is consideration to climatic conditions, and 

has added to the already existing global 

environmental problems. Although most of these 

buildings are modern and sophisticated residential 

buildings, they do not consider attributes of 

bioclimatic architecture in their design and 

construction; and thus making them defective in 

function. 

 According to the Building Energy Efficiency 

Guideline for Nigeria, bioclimatic architecture is 

the design based on climatic consideration which 

attempt to achieve physical, mental and emotional 

comfort for occupants with minimum use of 

resources while taking in to account behavioural 

and psychological aspects [15]. “Bioclimatic design 

means that a building is designed in such a way that, 

based on local climate data, environmental sources 

such as sun, wind, air, vegetation, soil and sky are 

taken into consideration as much as possible for 

heating, cooling and lighting to reduce the overall 

energy consumption of the building and to provide 

comfortable and pleasant living spaces for the 

inhabitants” [16]. It offers energy efficiency, 

healthy, environmentally friendly and 

architecturally valuable solutions, and that its 

criteria are useful on general planning, analysing 

life cycle and reducing negative impacts on the air, 

water and soil, and using energy on the most 

efficient way [16]. Generally, bioclimatic design 

and construction strategies are energy efficiency 

approach towards sustainable building [17-21]. 

 However, sophistication in design and 

construction of modern residential building as a 

result of advancement in technology and insatiable 

demand for comfortable living has become another 

challenge towards achieving these attributes of 

sustainability. Matolcsy et al. [16] agreed that this 

has led to over exploitation of resources and a new 

challenge to sustainability. These have also resulted 

to physical, mental and emotional discomfort of the 

occupants, high energy cost, environmental 

damage, and poor indoor air quality; which are the 

attributes of unsustainable construction [10]. 

 Furthermore, Motealleh et al. (2018) [22] 

argued that compatible design is climatically, the 

closest way of getting the maximum advantage of 

renewable sources of energy, while at the same time 

the design minimises the undesirable effects of 

construction in the environment and causes 
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coordination with sustainability. Achieving 

environmental sustainability can only be 

approached from the bioclimatic-sustaining 

perspective, since most of the people who seek to 

contribute to protecting the environment think to do 

it from home is the best option [21,23,24]. In view 

of this, energy crisis and environmental questions 

have shown up the need for a renewed approach [9]. 

This has particularly been advocated for modern 

buildings [25]. 

 Additionally, residential buildings are places 

where people find themselves to be for a better part 

of their day [26-29]. Fundamentally, residential 

buildings should serve as comfort zones for people 

and offer protection against unfavourable outdoor 

climatic conditions [17,30,31]. However, people’s 

environmental comfort in a building depends on 

adaptation with climatic factors such as wind, and 

sun [22]. Similarly, Zhang et al. [32] stated that the 

shape, internal spatial arrangement, size of a 

building and the azimuth of the sun all affect the 

energy consumption of a building. Regrettably, 

application of bioclimatic concept in the design and 

construction of building has not shown any 

significant results in building operation [21], due to 

lack of understanding [33]. The formation of Green 

Building Council of Nigeria (GBCN), and 

launching of National Building Energy Efficiency 

Code (BEEC) which emphasises climate adaptive 

design and construction in 2017 and National 

Building Code (NBC) in 2006 have not in any way 

shown any significant impacts [34]. This implies 

that the collective aim of these policy documents 

which is to provide practical guide to professionals 

in Nigeria on how to design, construct and operate 

more sustainable and comfortable buildings; 

educate the general public about sustainable 

measures; and provide clients with information that 

would help them choose sustainable and 

comfortable buildings, while taking into account 

behavioural and psychological factors has not been 

met [15]. Therefore, the chances of meeting the 

targets of energy efficiency in buildings based on 

the National Energy Efficiency Action Plans (2015-

2030) [35] in Nigeria is threatened. 

 On this premise, it is imperative to establish a 

link between sustainability and climate responsive 

building, in which both of them try to reduce energy 

consumption and create comfort for building’s 

residents [22]. Hence, this study seeks to evaluate 

the level of knowledge and application of 

bioclimatic principles/practices in the design and 

construction of modern residential buildings in the 

South-eastern Nigeria. It also assesses the adequacy 

of and level of satisfaction of occupants of modern 

residential buildings with respect to environmental 

performance in the area. According to Mohit and 

Raja [36] and Waziri et al. [37] indicators of 

residential building satisfaction are important tools 

for relevant stakeholders in the building industry in 

terms of practice and policy making. Furthermore, 

Jamaludin et al. [38] observed that when 

bioclimatic design strategies are successfully 

implemented, it does not only reduce energy use, 

but significantly increases the resident’s 

satisfaction. Therefore, this study raised the 

following questions which would guide the study 

as: 

1. Is there any relationship between the level of 

knowledge and level of implementation of 

bioclimatic principles/practices by building 

design and construction professionals? 

2. What is the relationship between adequacy of 

bioclimatic elements and level of 

implementation of bioclimatic 

principles/practices by building design and 

construction professionals? 

3. What is the relationship between adequacy of 

bioclimatic elements and occupants level of 

satisfaction? 

 

2. The study area 

The study was carried out in the South-eastern Zone 

of Nigeria. The Zone is located between latitudes 

4040’N and 7020’N of the equator and longitudes 

6000’E and 8020’E of the Greenwich Meridian, and 

also described as the inland region of Nigeria as 

shown in Fig. 1. The study area occupies about 

50,000km2 of Nigeria’s total area of 923,768km2 

[39].  
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Fig. 1. Map of Nigeria showing the South-eastern region 

 

South-eastern Nigeria is made up of five states 

comprising Abia, Anambra, Ebonyi, Enugu and 

Imo. It is bounded to the north by Benue and Kogi 

states, to the south by Rivers state, to the east by 

Cross River and Akwa Ibom states and to the west 

by Delta state. It covers a landmass of 22,525 

square kilometres [40], representing about 4% of 

the country’s land mass [41]. 

 The study area may be classified into two broad 

relief regions namely lowlands, and cuesta 

landscapes, divided by Udi escarpment. The 

lowlands have heights of less than 400 meters and 

are made up of the Niger-Anambra lowlands in 

Anambra State and the undulating lowlands and 

coastal plains located along the Bende-Ameke-

Umuahia axis of Abia State. The cuesta landscapes 

of more than 350 meters high comprise the Nsukka-

Okigwe cuesta and Awka-Orlu uplands [42,43]. 

The Nsukka-Okigwe cuesta is made up of the Udi 

escarpments formed by the resistant sandstone in 

the lower coal measures and in the lower parts of 

the false bedded sandstone. It has a height of 

between 370-550 meters and is found in Enugu and 

Udi areas of Enugu state. The Awka-Orlu uplands 

are found around the Agulu, Nanka, Oko, 

Ekwulobia and Onitsha areas of Anambra state and 

the Bende-Ameke areas of Abia state. 

 South-eastern Nigeria has a tropical wet and dry 

climate usually referred to as the tropical rainforest 

climate. Based on bioclimatic analysis, Nigeria has 

five climatic regions of which the South-eastern 

Zone falls within the hot-humid climate except 
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Enugu state which falls within the temperate-humid 

climate [13]. It usually experiences an average of 

eight months of rainfall between March and 

October and four months of dry season between 

November and February. On average, rainfall 

volumes vary between 1800 meters and 2000 

meters [44,45]. It also experiences high 

temperatures all the year round with an average 

value of 270C, while the average relative humidity 

ranges between 60-70% and 80-90% in January and 

July respectively [46]. The region is classified 

under class 2 wind zone (inland cities) with average 

wind speed of 4.2m/s, while the maximum wind 

power and altitude are 122w/s and 167m 

respectively [41]. 

 The area has a lot of vegetation usually 

mangrove swamp and freshwater swamps. This 

vegetation zone comprises more than 60% grass. 

The soils of the area are composed mainly of iron 

rich tropical soils, which may be in the forms of 

loamy, clay, sandstones and sandy clays; and is 

further classified based on geological formation, 

landscape features and degree of profile 

development into lithosols, juvenile soils, ferralitic 

soils and hydromorphic soils [47-49]. Thus, soil is 

an invaluable asset within the study area. 

 The study area has an open and widespread 

settlement pattern because of the high amount of 

humidity [50], with population of 16,381,729 

persons according to the 2006 population census 

[50]. This number was made up of 8,306,306 males 

and 8,075,423 females [51]. The buildings in this 

zone seek to integrate spiritual, cultural, and 

lifestyle values into their design and form [13,52]. 

The region also has a lot traditional architectural 

styles with a long narrow building form usually 

with light and permeable hipped roofs and local 

building materials such as bamboo, grasses, clay, 

raffia palms, etc. [13,50,52-55].  

 Meanwhile the social statistics of the study area 

revealed that its people are predominantly 

Christians with high literacy rate. All the states in 

the region were not classified under educationally 

less developed states except Ebonyi state. The 

statistics also showed that there are high volume of 

modern residential buildings mainly separate 

houses and flat/apartment houses, scattered both in 

the urban and rural areas; where most of the 

buildings are occupied by the renters with average 

household size of 4.52 persons. Majority (65.81%) 

of the working population of the area work in the 

private sector [56]. The average poverty rate in the 

area in 2019 was 42.44% and the average level of 

inequality was 26.06 [57]. However, in the urban 

areas of the region especially the state capitals there 

is almost total absence of users responsive and 

culturally determined residential buildings due to 

lack of adequate knowledge of changes in user 

needs and preferences by the building design and 

construction professionals and the design of most 

modern residential buildings based on foreign 

housing types, culture and lifestyles [57]; and 

inadequate research on the subject area [59,60]. 

Amidst the foregoing issue, there is phenomenal 

increase in numbers of residential buildings in the 

five state capitals of the study area due to high urban 

population surge [61]. It is against this backdrop 

that this region was selected for the study, of which 

the outcome would provide basis upon which 

building design and construction professionals and 

government relevant agencies would formulate 

policies that would incorporate elements of 

bioclimatic construction in their practice. 

 

3. Literature review 

Studies on residential building satisfaction have 

been following four perspectives: socio-

demographic characteristics   of   residents, housing   

characteristics, neighbourhood   characteristics   

and   behavioural   characteristics of residents 

[36,37,62-66]. Although little attention has been 

given to residential buildings comfort evaluation 

unlike the commercial and public buildings [67], 

after the first energy crisis in 1973, bioclimatic 

design philosophy came to limelight [67]. Since 

then, there has been a growing interest on reducing 

dependence on artificial lighting, ventilation and 

air-conditioning, as well as developing energy-

smart techniques based on vernacular climate-

sensitive architecture [68]. 

 Studies have shown that implementation of 

bioclimatic strategies in design and construction of 
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residential buildings is correlated with the 

resident’s satisfaction [38,67,69] as well as 

minimises energy consumption and improves 

indoor thermal environment of buildings [19,70-

74]. Another study [32] has also found that utility, 

durability and comfort are the three greatest user 

needs for building. Different bioclimatic practices 

have been found from the literature as having 

potentials of improving indoor environmental 

conditions and minimising energy consumption of 

residential buildings. These include: Planting trees 

and vegetation around the building, incorporating 

artificial water bodies around the building and on 

the façade, use of glazing wall and fenestration, use 

of green/living walls, rainwater harvesting, use of 

large window openings, passive heating and 

cooling systems, proper insulation of building 

envelope (opaque structures), right material 

thickness (thermal mass), proper arrangement of 

internal room spaces and size, use of shading 

devices, slanted window/façade, building 

orientation towards the south, placement of 

openings, use of solar energy, green roof, adequate 

air movement using natural ventilation, day-

lighting, green facades, and acoustic protection 

[15,16,18-21]. 

 Specifically, Jamaludin [75] found that 

bioclimatic design strategies including daylighting 

and natural ventilation at old residential buildings 

are still appropriate to meet the needs of 

contemporary life, inasmuch as there is room for 

improvement especially on the acoustic. Couvelas 

[76] suggested the use of wind, the use of adaptive 

building envelopes and shedding systems, surface 

openings and materials, planting and treating of 

buildings as living organisms as examples of 

bioclimatic approaches in building. These views 

were shared by [25] who suggested the application 

of public space structure and architectural 

characteristics such as building form and 

orientation, openings, central courtyards, wind 

catchers, roof, wall wings, semi-open spaces and 

heat capacity of materials in modern buildings. 

Alabid and Taki [33] presented similar result in a 

study carried out in Ghadames, Libya. However, in 

their study, it was revealed that the occupants of the 

old buildings are more satisfied in terms of indoor 

environmental conditions, energy consumption, 

and construction materials, than those occupying 

the new buildings, and that the locals were not 

satisfied with the changes in the built environment 

due to lack of understanding of the sociocultural 

needs of the local community. Zhang et al. [31] 

revealed that low energy impact material, 

orientation, building relationship, and energy-

saving material are the most important factors to be 

considered during design and planning of a low 

environmental impact building. This position was 

emphasised by [77,78]. In carrying out their study, 

Chávez and Melchor [14] adapted bioclimatic 

passive techniques such as suitable orientation, 

appropriate surface colour, solar control, 

conductive heating and cooling, air movement 

transfer with a simple wind tower device, thermal 

mass, thermal insulation, and direct evaporative 

cooling using a simple geotextile material, among 

others that are relative and suitable to typical hot 

dry climate locations in their research work. 

 Thus, a study carried out by [79] revealed that 

the users of building lecture hall were dissatisfied 

with hot and humid indoor environment conditions 

caused by interactions of local outdoor climatic 

conditions, the building architecture, and 

inadequate ventilation within the building. It also 

revealed that cross-ventilation by the adapted 

placement of openings, improved external shading 

devices, and provision of increased vegetation are 

required in the buildings to achieve a more 

comfortable indoor environmental quality. Another 

study conducted by [80] to compare vernacular and 

new houses in terms of indoor occupant satisfaction 

and thermal and visual comfort in a cold climate 

region revealed that the occupant satisfaction in 

vernacular houses was higher than in new houses. 

The study suggested that vernacular houses should 

be an example for the design and construction of 

new houses in terms of orientation, environment 

relations, space dimension, and space usage in 

accordance with the character of the region and 

material section in order to ensure occupant 

satisfaction, indoor thermal comfort and healthy 

environments. 
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 In Nigeria, some studies have also been 

conducted. Mohammed and Alibaba [81] revealed 

that bioclimatic design through the use of local 

building materials, proper building orientation, 

incorporating natural landscape, and applying some 

design elements have potential to limit the effect of 

heat gain and improve the thermal comfort of 

indoor environment of residential buildings in 

Maiduguri, Borno State Nigeria. A similar study 

conducted by [82] in Minna Niger State also 

revealed the same result. Yusuf [83] evaluated the 

application of bioclimatic principles in the design 

of office buildings in hot-dry climate region of 

Nigeria. The study found that the design of office 

buildings in the region has not taken fully 

cognizance of application of bioclimatic principles. 

Therefore, building envelope and orientation, 

renewable energy source, sun shading devices, 

indoor air and natural cooling elements were 

recommended in construction office buildings in 

the area. However, Anumah and Anumah [30] 

suggested that where north-south orientation of 

building cannot be achieved in the tropics due to 

site constraints, vegetation could be provided 

around the building to improve the microclimate 

and achieving a comfortable exterior and interior 

environment. While agreeing with [30], Odunfa et 

al. [84] stressed that both building material 

compositions, building orientation and climatic 

conditions play significant role on energy 

consumption in a building space. 

 Another study by [17] evaluated the 

performance of bioclimatic design building in 

Nigeria with respect to the architectural elements of 

thermal comfort, indoor air quality, visual comfort, 

acoustic comfort and landscape elements. The study 

revealed that the occupant perceived satisfaction is 

positively related to the building performance 

criteria. A related study carried out by [85] on 

acoustical performance of residential buildings in 

Awka, Anambra State to determine the level of 

satisfactions of the occupants also revealed that the 

overall acoustic performance of the buildings was 

grossly poor and unsatisfactory, and that the 

occupant level of satisfaction was positively related 

to the acoustic performance of the buildings. 

 Despite the foregoing results, studies dealing 

with application and occupant satisfaction of 

bioclimatic design and construction strategies in 

modern residential buildings in South-eastern 

Nigeria are grossly inadequate. Interestingly, 

Daemei et al. [86] and Manzano-Agugliaro et al. 

[1] suggested that certain bioclimatic design 

strategies that are adopted in specific cities and 

countries could be exported to other zones with 

similar climates due to their proven usefulness as 

functional architectural design strategies that have 

resulted to improved human indoor thermal 

comfort. Therefore, this study vies into exploring 

and filling this gap in the literature. 

 

4. Methodology 

This study involved both household and field 

survey approach in which two sets of questionnaire 

were administered to the residents and building 

industry professionals in the South-eastern Nigeria 

The first questionnaire assessed the availability of 

bioclimatic elements in the Morden residential 

buildings and the residents’ level of satisfaction 

with the indoor performance of the buildings in 

terms of certain environmental performance 

criteria. The second set measured the professionals’ 

level of knowledge and implementation of 

bioclimatic strategies in the design and construction 

modern residential buildings. However, the 

questionnaires contained 20 bioclimatic elements 

and 9 performance criteria which formed the basis 

for assessment. The respondents were then asked to 

rate their responses on a 5-point Likert scale 

measurement, where 1= very dissatisfied/low, 2= 

dissatisfied/low, 3= moderate, 4 = satisfied/high, 5= 

very satisfied/high. On this basis, there were two 

sets of respondents for the study. (1) The building 

professional (specifically, architects, builders and 

engineers) who are directly involved in the design 

and construction of building, and (2) the residents 

(mainly heads of households or representatives). 

 Since South-eastern Nigeria is currently 

witnessing undue urbanisation and population 

surge across the length and breadth of its cities, the 

capitals of the five states that make of region were 

selected for this survey. These cities have witnessed 
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increased number of residential buildings and 

population due to their status than any other parts of 

their respective states. Thus, the population for this 

study comprises the residents of all the five states 

capital (Umuahia, Awka, Abakiliki, Enugu and 

Owerri). According to the National Population 

Census figure, in 2006, the population of these 

cities were 362,192; 301,846; 149,683; 717,291 and 

403,425, for Umuahia, Awka, Abakiliki, Enugu and 

Owerri respectively [87]. The national average 

population growth rate in 2006 was 2.83% [81]. 

Using national average population growth rate, the 

population of the study area in 2019 would have 

been increased exponentially. Therefore, 

Malthusian growth model represented in Eq. (1) 

was used to estimate the population of the study 

area in 2019 based on the national average 

population growth rate as follows: 

𝑃𝑛 = 𝑃0𝑒𝑟𝑡  (1) 

Where P0 denotes the initial (base year) population 

(1,934,437); Pn denotes Population in the current 

year (required population); r denotes the growth 

rate = 2.83% (0.0283) (i.e. national average 

population growth rate); and t denotes the time 

interval (years) = 13 years.  

 From Eq. (1), the population of the study is 

approximately 2,801,952. To determine the sample 

size, Israel [88] suggested different ways which 

include: census for a small population, sample size 

of a similar study, published table, and the use of 

formulas. Hence, to determine the appropriate 

sample size for this study, Cochran’s sample size 

calculation procedure was used which is 

appropriate when the population of the study is 

large [89]. Cochran’s return sample size formula 

was first determined using Eq. (2). 

𝑛0 =
(𝑡)2 × (𝑝)(𝑞)

(𝑑)2
   (2) 

Where n0 is the sample size, t= value for selected 

alpha level of .025 in each tail= 1.96 (the alpha level 

of .05 indicates the level of risk the researcher is 

willing to take that true margin of error may exceed 

the acceptable margin of error), (p)(q)= estimate of 

variance= 0.25 (maximum possible proportion (0.5) 

x 1-maximum possible proportion (0.5) produces 

maximum possible sample size), d= acceptable 

margin of error for proportion being estimated= 

0.05 (error researcher is willing to except). 

 However, if the computed sample size is greater 

than 5% of the population (n0>5%population), the 

final and survey sample size would be calculated 

using [89]. correction formula in Eq. (3). Otherwise 

n0 would be adopted as the final and survey sample 

size for the study. 

𝑛1 =
𝑛0

1 +
𝑛0

𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛

 
  (3) 

From Eq. (2), the sample size: 

𝑛0 =
(1.96)2 × (0.5)(0.5)

(0.05)2
≈ 385 

 Since n0 (385) < 5% of 2,801,952 (110,098), the 

survey sample size (n1) = n0 = 385. 

 Stratified sampling technique was used in 

selecting the buildings and the respondents based 

on certain criteria for the first set of the survey. 

Whereas, a simple random sampling technique was 

used in choosing the professionals for the second 

set of the survey. In the first set of survey, only the 

heads of the household or the representatives were 

selected for a single family building and for a multi-

family building, only one household which was 

randomly selected was chosen. No two persons 

were chosen from one building.  The selected 

building must be a modern residential building 

which has been occupied for up to 1 year but not 

more than 10 years. For the second set of the 

survey, only building professionals who were 

directly involved in the design and construction of 

buildings were selected. Specifically, the 

professionals involved were the architects, the 

builders and engineers. 

 Since not all respondents were interested in the 

survey, those who were interested were first 

identified for familiarisation and consent. The 

objectives of the study were clearly explained to the 

participants. This made it easier during the actual 

survey because the respondents were already aware 

of what was expected of them, and with the help of 

an assistant the desired numbers of respondents 
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were obtained. In the actual survey, 250 and 135 

making a total of 385 copies questionnaire were 

administered to the two set of the respondents 

respectively as shown in Table 1. Likewise, 146 and 

91 (58.40% and 67.41%) copies each making a total 

of 237 and representing about 61.56% of the overall 

were retrieved, and found adequate and suitable to 

be used for analysis. 

 The data generated through the questionnaire 

were descriptively and quantitatively analysed. The 

adequacy of the bioclimatic elements, occupant 

level of satisfaction, and the level of knowledge and 

implementation of bioclimatic strategies by the 

professional were computed using Mean Score 

Index (MSI) shown in Eq. (4). 

𝑀𝑆𝐼 =
∑ 𝑓𝑖𝑥𝑖

𝑁
   (4) 

Where MSI= mean score index; f= frequency of 

responses to each rating scale (integer value (i) 

between 1 and 5), x= score or rating given to each 

variable by the respondents; and N= total number of 

the respondents selecting a rating equal to i. 

Pearson’s Product-Moment Correlation 

Coefficient(r) was computed to test all the 

hypotheses. The Pearson’s Product-moment 

Correlation Coefficient (r) is calculated using Eq. 

(5). 

𝑟 =
𝑛 ∑ 𝑥𝑦 − ∑ 𝑥 ∑ 𝑦

√[𝑛 ∑ 𝑥2 − (∑ 𝑥)2][𝑛 ∑ 𝑦2 − (∑ 𝑦)2]
  (5) 

Where, r= correlation coefficient, n= number of 

pairs of variable being considered, x= level of 

satisfaction, and y= acoustic performance.  

 However, the value of r ranges from -1 for 

perfect negative correlation to + 1 for perfect 

positive correlation. Subsequently, in order to infer 

that the calculated r is applicable to the population 

from which the sample was drawn, statistical 

analysis must be performed to determine whether 

the coefficient is significantly different from zero 

[90]. This is done by using correlation significant 

test, with the test statistic (t – test) in Eq. (6). 

𝑡 =
𝑟√𝑛 − 2

√1 − 𝑟2
  (6) 

 Where, r= correlation coefficient, and n= 

number of pairs of variables. 

 The test is a two-tailed, non-directional test. 

However, in correlation significance test, the sign 

of the correlation coefficient is always assumed to 

be positive.  The degree of freedom (df) (n – 2) is 

used at 5% significant level. The mean values of 

both variables are used to get their correlation.  

When Pearson’s Product-moment Correlation 

Coefficients (r) between the two variables were 

computed and their correlation coefficient test 

obtained at (n – 2) degree of freedom and 5% (α = 

0.05) significant level, the results obtained are 

presented in section 4. 

Decision: Reject H0 if t calculated > t critical at df (n -2) 

and at 5% (0.05) significance level otherwise accept 

H0 and conclude. 

 To ensure reliability of the result, the margin of 

error was computed at 95% confidence interval 

(C.I) within which the result would be acceptable. 

Margin of error (ME) is given in Eq. (7) as: 

𝑀𝐸 = critical value x standard error  (7) 

Standard error =  standard deviation
√n

⁄  (8) 

 

Table 1. Analysis of questionnaire distribution 

Respondents  No. of 

questionnaire 

administered 

No. of questionnaire 

retrieved 

% of questionnaire 

retrieved 

% of questionnaire 

retrieved from total 

Heads of household 

(Questionnaire 1) 

250 146 58.40 37.92 

Professionals 

(Questionnaire 2) 

135 91 67.41 23.64 

Total  385 237  61.56 
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 Where, n = the sample;  

The Alpha level (α): α = 1-C.I/100 = 0.05  

 The critical probability (p*):  

p* = 1 - α/2 = 1 - 0.05/2 = 0.975 

 The degrees of freedom (df):  

df = n - 1 = 385 -1 =384  

 Usually, the critical value has always been 

expressed as a t-statistic. Therefore, the t-statistic 

has 384 degrees of freedom and a cumulative 

probability of 0.975. From the t-Distribution, the 

critical value is found to be 1.96. The result of this 

study therefore would be acceptable within error 

margin of ±4.994%-point, and at 95% confidence 

level. This is in line with DataStar [91] which 

suggested that an acceptable margin of error used 

by survey researchers falls between 4% and 8% at 

the 95% confidence level. 

 

5. Result and discussion 

Table 2 showed the level of knowledge of building 

professionals on bioclimatic principles/practices. 

The result revealed that the professionals were very 

much knowledgeable about bioclimatic strategies. 

The overall mean score index (4.36) suggested that 

the level of knowledge on bioclimatic 

principles/practices by the building professions was 

very high. The result also showed that there were 

very few areas of bioclimatic practices which the 

professionals still have low knowledge of (use of 

green roof and use of green facades with mean 

scores of 2.54 and 2.42 respectively). It further 

showed that the professional had moderate 

knowledge on the following principles/practices:  

Use of slanted window/façade (3.90), right material 

thickness (thermal mass) (3.75), and incorporation 

of artificial water bodies around the building and on 

the façade (3.57). It is not surprising the level of 

knowledge indicated by this result since, this could 

be as a result of their training experiences and 

exposure in the field of practices since all the 

participants were expects in their various fields of 

practice.

 

Table 2. Analysis of level of knowledge of bioclimatic principles/practices 

S/n  Bioclimatic principles/practices 1 2 3 4 5 MSI 

1 Planting of trees and vegetation around the building    26 65 4.71 

2 Incorporation of artificial water bodies around the 

building and on the façade 

 12 33 28 18 3.57 

3 Use of glazing wall and fenestration    14 77 4.85 

4 Rainwater harvesting    11 80 4.88 

5 Use of large window openings    51 40 4.44 

6 Passive heating and cooling systems   6 32 53 4.52 

7 Insulation of building envelope (opaque structures)    31 60 4.66 

8 Right material thickness (thermal mass)  9 31 24 27 3.76 

9 Arrangement of internal room spaces and size    3 88 4.97 

10 Use of shading devices    9 82 4.90 

11 Use of slanted window/façade   31 38 22 3.90 

12 Building orientation towards the south   9 49 33 4.26 

13 Placement of openings    20 71 4.78 

14 Use of solar energy    2 89 4.98 

15 Use of  green roof 11 34 32 14  2.54 

16 Air movement using natural ventilation    10 81 4.89 

17 Use of day-lighting     13 78 4.86 

18 Use of green facades 15 40 19 17  2.42 

19 Acoustic protection   7 48 36 4.21 

20 Appropriate surface colour    5 86 4.95 

 Total  26 

(1.43%) 

95 

(5.22%) 

168 

(9.23%) 

445 

(24.45%) 

1086 

(59.67%) 

 

 Average Mean = 4.36       
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 Table 2 showed the level of knowledge of 

building professionals on Bioclimatic 

principles/practices. The result revealed that the 

professionals were very much knowledgeable about 

bioclimatic strategies. The overall mean score index 

(4.36) suggested that the level of knowledge on 

bioclimatic principles/practices by the building 

professions was very high. The result also showed 

that there were very few areas of bioclimatic 

practices which the professionals still have low 

knowledge of (use of green roof and use of green 

facades with mean scores of 2.54 and 2.42 

respectively). It further showed that the 

professional had moderate knowledge on the 

following principles/practices:  Use of slanted 

window/façade (3.90), right material thickness 

(thermal mass) (3.75), and incorporation of 

artificial water bodies around the building and on 

the façade (3.57). It is not surprising the level of 

knowledge indicated by this result since, this could 

be as a result of their training experiences and 

exposure in the field of practices since all the 

participants were expects in their various fields of 

practice. 

 Table 3 showed the level of implementation or 

application of bioclimatic principles/practices in 

modern residential buildings in South-eastern 

Nigeria. The average mean score index (2.89) 

depicted that the overall level of practices and 

implementation of bioclimatic principles/practices 

in modern residential buildings in the zone was still 

low despite that there was very high level of 

knowledge about the principle by the building 

design and construction professionals. 

Nevertheless, there were areas of bioclimatic 

practices which the respondents indicated through 

the mean score index that they have shown much 

interest and have been implementing greatly. These 

include: Placement of openings (4.65), arrangement 

of internal room spaces and size (4.59), passive 

heating and cooling systems (4.35), and appropriate 

surface colour (4.27). The level of implementation 

of bioclimatic principles in modern residential 

buildings in the zone could also be linked to the 

adequacy of bioclimatic elements/features in the 

buildings which also could have direct or indirect 

effect on the occupant satisfactions in terms of 

environmental performance of the buildings. 
 

Table 3. Analysis of level of implementation of bioclimatic principles/practices 

S/n  Bioclimatic principles/practices 1 2 3 4 5 MSI 

1 Planting of trees and vegetation around the building 10 25 56   2.51 

2 Incorporation of artificial water bodies around the building 

and on the façade 

67 24    1.26 

3 Use of glazing wall and fenestration 8 13 40 30  3.01 

4 Rainwater harvesting   23 53 15 3.91 

5 Use of large window openings  12 52 27  3.16 

6 Passive heating and cooling systems   7 45 39 4.35 

7 Insulation of building envelope (opaque structures)   41 50  3.55 

8 Right material thickness (thermal mass) 24 62 5   1.79 

9 Arrangement of internal room spaces and size    37 54 4.59 

10 Use of shading devices   40 36 15 3.73 

11 Use of slanted window/façade 58 29 4   1.41 

12 Building orientation towards the south 30 38 23   1.92 

13 Placement of openings    32 59 4.65 

14 Use of solar energy 18 60 13   1.95 

15 Use of  green roof 83 8    1.09 

16 Air movement using natural ventilation   37 44 10 3.70 

17 Use of day-lighting    40 25 26 3.85 

18 Use of green facades 67 24    1.26 

19 Acoustic protection 30 52 9   1.77 

20 Appropriate surface colour   20 26 45 4.27 

 Total  395 

(21.70%) 

347 

(19.07%) 

410 

(22.53%) 

405 

(22.25%) 

263 

(14.45%) 

 

 Average Mean = 2.89       
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 Table 4 showed the adequacy of bioclimatic 

elements/features in the modern residential 

buildings in South-eastern Nigeria. It revealed that 

the overall elements of bioclimatic construction in 

the buildings were generally low and inadequate 

with the average mean score of 2.62. However, 

certain elements such as use of day-lighting (4.51), 

appropriate surface colour (4.45), arrangement of 

internal room spaces and size (4.08), and placement 

of openings (4.04) were found to be adequate. 

Whereas some other elements such as right material 

thickness (thermal mass) (3.66), rainwater 

harvesting (3.38), air movement using natural 

ventilation (3.34), and use of large window 

openings (3.21) were moderately adequate. This 

result suggested that the general inadequacy of 

bioclimatic elements in modern residential building 

could be as a result of low/poor implementation. 

 Table 5 showed the result of the satisfaction 

level modern residential buildings occupants based 

on certain environmental performance criteria. The 

result revealed that the occupants were generally 

dissatisfied with the environmental performance of 

the buildings with average mean score index of 

2.70. But amidst this result, the occupants were 

moderately satisfied in some areas such as 

ventilation (3.90), visual comfort (3.42), and utility 

(3.31). This implied that the buildings only slightly 

met the environmental performance criteria of the 

occupants in these three areas, but were grossly 

underperformed in other areas. This could also be 

linked to the inadequacy of bioclimatic 

elements/features in the buildings.  

 

Table 4. Analysis of adequacy of bioclimatic elements/features 

S/n  Bioclimatic elements/features 1 2 3 4 5 MSI 

1 Planting of trees and vegetation around 

the building 

69 41 24 12  2.42 

2 Incorporation of artificial water bodies 

around the building and on the façade 

124 22    1.15 

3 Use of glazing wall and fenestration 21 45 56 24  2.57 

4 Rainwater harvesting  16 75 38 17 3.38 

5 Use of large window openings 13 17 63 32 21 3.21 

6 Passive heating and cooling systems 44 66 28 8  2.05 

7 Insulation of building envelope 

(opaque structures) 

45 70 31   1.90 

8 Right material thickness (thermal 

mass) 

 12 36 88 10 3.66 

9 Arrangement of internal room spaces 

and size 

  34 66 46 4.08 

10 Use of shading devices 30 46 51 19  2.40 

11 Use of slanted window/façade 86 45 15   1.51 

12 Building orientation towards the south 79 59 8   1.51 

13 Placement of openings   30 80 36 4.04 

14 Use of solar energy 64 70 12   1.64 

15 Use of  green roof 100 46    1.32 

16 Air movement using natural 

ventilation 

 27 61 40 18 3.34 

17 Use of day-lighting    4 64 78 4.51 

18 Use of green facades 43 76 27   1.89 

19 Acoustic protection 13 89 44   2.21 

20 Appropriate surface colour   8 65 73 4.45 

 Total  731 

(25.03%) 

747 

(25.58%) 

607 

(20.79%) 

536 

(18.36%) 

299 

(10.24%) 

2.62 

 Average Mean = 2.62       
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Table 5. Analysis of occupant level of satisfaction 

S/n  Environmental performance criteria 1 2 3 4 5 MSI 

1 Energy consumption  23 55 29 39  2.58 

2 Indoor thermal comfort  48 72 26   1.85 

3 Utility   25 76 45 3.31 

4 Visual comfort  23 40 61 22 3.42 

5 Acoustic comfort 46 84 16   1.79 

6 Healthy environment 32 75 39   2.05 

7 Indoor air quality 18 67 52 9  2.36 

8 Ventilation  11 25 77 33 3.90 

9 Outdoor environmental comfort 44 57 45   2.01 

 Total  211 

(16.06%) 

444 

(33.79%) 

297 

(22.60%) 

262 

(19.94%) 

100 

(7.61%) 

 

 Average Mean = 2.70       

But the fact that the building occupants surveyed 

were not building industry professionals and might 

not have the full knowledge of building design and 

construction vis-à-vis bioclimatic concept could be 

a reason they might not have substantial input in the 

design and construction of the buildings [58]. This 

could be attested from the result, as their level of 

knowledge was limited to basic environmental 

performance criteria such as ventilation, visual 

comfort and utility. Secondly, most of the 

occupants were renters and do not have any input in 

the design and construction of the building they live 

in [85]. Besides, home owners are more likely to 

express satisfaction with their houses than tenants 

[59]. In addition, the respondents were residents of 

the capital cities of the respective states in the study 

area, therefore were more enlightened in what was 

expected of a modern residential building for 

optimal satisfaction. 

To further substantiate these results, three null (H0) 

hypotheses which were formulated were tested. The 

hypotheses are as follows: 

1. There is no significant relationship between the 

level of knowledge and level of implementation 

of bioclimatic principles/practice by building 

design and construction professionals. 

2. There is no significant relationship between 

adequacy of bioclimatic elements and level of 

implementation of bioclimatic 

principles/practice by building design and 

construction professionals. 

3. There is no significant relationship between 

adequacy of bioclimatic elements and level of 

satisfaction occupants of modern residential 

buildings. 

 Table 6 showed the result of correlation analysis 

between the level of knowledge and level of 

implementation of bioclimatic principles/practices 

by the building design and construction 

professionals. The correlation coefficient (r = 

0.547) indicated that there was moderate positive 

correlation between the level of knowledge and 

level of implementation of bioclimatic 

principles/practices by the building design and 

construction professionals in the zone. The 

coefficient of determination result (R2 = 0.2992) 

revealed that the level of implementation of 

bioclimatic principles/practices by the building 

design and construction professionals was only 

minimally influenced by the professionals’ level of 

knowledge on bioclimatic principles/practices. It 

specifically showed that about 29.92% of the level 

of implementation of bioclimatic 

principles/practices was being caused by the 

professionals’ level of knowledge. This suggested 

that besides, the basic and acquired knowledge 

gained by the professionals in the course of their 

training and practice, there are other factors which 

could contribute substantially to the 

implementation of bioclimatic principles/practices 

in building practices in the study area. 
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Table 6. Correlation between the level of knowledge and level of implementation of bioclimatic principles/practices 

Correlation 

Coefficient (r) 
Nature  of Association t - test value Tcritical  R2 p - value Decision 

0.547 Moderate positive 

correlation 

1.312 3.182 0.2992 

(29.92%) 

.340 Accept H0 

 When the correlation was further tested for 

significance at 5% significance level (α = 0.05), the 

result revealed that tcalculated (1.312) was less than 

tcritical (3.182). Conversely, the computed p-value 

(.340) was greater than α = .05. Hence, since the 

tcalculated (1.312) < tcritical (3.182) and the p-value 

(.340) > α (.05), the H0 was accepted and the study 

concluded that there is no significant relationship 

between the level of knowledge and level of 

implementation of bioclimatic principles/practices 

by the building design and construction 

professionals. This result implied that the level of 

implementation of bioclimatic principles/practices 

by the building professionals in the South-eastern 

Nigeria is not commensurate with the level of 

knowledge of bioclimatic principles/practices by 

the professionals. This could be as a result of other 

exigencies which still need to be verified. This has 

therefore substantiated by the results of Tables 2 

and 3. 

 Table 7 showed the result of correlation analysis 

between adequacy of bioclimatic elements and 

level of implementation of bioclimatic 

principles/practices by the building design and 

construction professionals. The correlation 

coefficient (r = 0.893) revealed that there was high 

positive correlation between adequacy of 

bioclimatic elements and level of implementation 

of bioclimatic principles/practices in the zone. The 

coefficient of determination result (R2 = 0.7974) 

implied that the inadequacy of bioclimatic elements 

in the modern residential buildings was as a result 

of low implementation of bioclimatic 

principles/practices by the building design and 

construction professionals. Specifically, the result 

revealed that about 79.74% of the cause of 

inadequacies of bioclimatic elements in the 

buildings could be attributed to the low 

implementation of bioclimatic principles/practices 

by the building design and construction 

professionals. 

 When the correlation was tested for significance 

at 5% significance level (α= 0.05), the result 

revealed that tcalculated (3.437) was greater than tcritical 

(3.182). Likewise, the p-value (.042) was less than 

α = .05. Since the tcalculated (3.437) > tcritical (3.182) 

and the p-value (.042) < α (.05), H0 was rejected and 

the study concluded that there was significant 

relationship between adequacy of bioclimatic 

elements and level of implementation of 

bioclimatic principles/practice by the building 

design and construction professionals. It then 

suggested that the low implementation of 

bioclimatic principles/practices by the building 

professionals contributed substantially to the 

inadequacies of bioclimatic elements in modern 

residential buildings in the South-eastern Nigeria 

which in turn led to dissatisfaction in terms of 

environmental performance. 

 Table 8 presented the result of correlation 

analysis between adequacy of bioclimatic elements 

and level of satisfaction of occupants of modern 

residential buildings. The correlation coefficient 

result (r = 0.914) indicated that that there was high 

positive correlation between adequacy of 

bioclimatic elements and occupants’ level of 

satisfaction in the zone. The coefficient of 

determination result (R2 = 0.8354) implied that the 

inadequacy of bioclimatic elements has resulted to 

occupants being dissatisfied with the environmental 

performance of the buildings. This further showed 

that about 83.54% of the level of dissatisfaction of 

occupants were caused by the inadequacies of 

bioclimatic elements in the modern residential 

buildings and vice versa, in South-eastern Nigeria. 

 

 



Bioclimatic practices in modern residential building design and construction in South Eastern Nigeria  172 

 

Table 7. Correlation between adequacy of bioclimatic elements and level of implementation of bioclimatic 

principles/practices 

Correlation 

Coefficient (r) 

Nature  of Association t - test value Tcritical  R2 p - value Decision 

0.893 High positive 

correlation 

3.437 3.182 0.7974 

(79.74%) 

.042 Reject H0 

 

Table 8. Correlation between adequacy of bioclimatic elements and level of satisfaction occupants of modern residential 

buildings 

Correlation 

Coefficient (r) 

Nature  of 

Association 
t - test value Tcritical  R2 p - value Decision 

0.914 Very high positive 

correlation 

3.902 3.182 0.8354 

(83.54%) 

.030 Reject H0 

 However, when the significance of the 

correlation coefficient was tested at 5% 

significance level (α = 0.05), the result revealed that 

tcalculated (3.902) was greater than tcritical (3.182). At 

the same time, the p-value (.0430) was less than α 

= .05. Therefore, since the tcalculated (3.902) > tcritical 

(3.182) and the p-value (.030) < α (.05), this study 

submitted that H0 should be rejected and thus 

concluded that there was significant relationship 

between the adequacy of bioclimatic elements and 

level of satisfaction of occupants of modern 

residential buildings. This result therefore, affirmed 

that there is link between the level of 

implementation of bioclimatic principles/practices, 

adequacy of bioclimatic elements and level of 

occupants’ satisfaction. It then suggested that the 

low implementation of bioclimatic 

principles/practices by the building professionals 

contributed substantially to the inadequacies of 

bioclimatic elements which in turn contributed to 

occupants’ dissatisfaction in the environmental 

performance of modern residential buildings in the 

South-eastern Nigeria. 

 In the first instance, this result has shown that 

the sampled building professionals were experts in 

their fields of practice when considered the high 

level of knowledge of bioclimatic 

principles/practices indicated by the respondents. 

Surprisingly, the high level of knowledge has not 

been transmuted into high level of implementation. 

As a result, a record of low level of implementation 

of bioclimatic principles/practices by the 

professionals in the design and construction of 

residential buildings was found by this study. This 

suggested that there are other factors other than the 

knowledge of building design and construction 

experts alone that greatly influence the 

implementation of bioclimatic principles/practices 

in the study area. Part of this could be the socio-

cultural factors and user’s needs and preferences 

[58,59]. This is also in line with the result of [22] 

which suggested that people’s environmental 

comfort in a building depends on adaptation with 

climatic factors such as wind, and sun. This result 

equally aligned with that of [31] and supported by 

[76,77]. 

 Unfortunately, the low level of implementation 

of bioclimatic principles/practices has also led to 

inadequacies of bioclimatic elements in the modern 

residential buildings in South-eastern Nigeria. As 

expected, this has caused dissatisfaction among the 

occupants of the buildings in terms of 

environmental performance. This equally supports 

the results of [37,60,66,68] which averred that 

implementation of bioclimatic strategies in design 

and construction of residential buildings is 

correlated with the resident’s satisfaction. By 

implication, this result suggested that ultimate 

value of most modern residential buildings in the 

South-eastern Nigeria has not been fully derived 

despite huge resource commitments. This has 

seriously negated the cardinal objectives of 

sustainability, of which one is environmental 

performance. It also went contrary to the tenets of 

combined bioclimatic/ecology and regionalist 

theories which promote the environmental agenda 
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in a distinctive regionalism. Therefore, this study 

infers that the high level of knowledge of 

bioclimatic principles/practices should have a chain 

reaction which include implementation vis-à-vis 

other factors. 

 

6. Conclusion and recommendations 

In contemporary buildings, the need to optimise the 

use of bioclimatic strategies in order to minimise 

the consumption of non-renewable energy and 

improve the indoor and environmental quality has 

been advanced. This is because the provision of 

conducive, safe, comfortable, healthy and secured 

indoor environment for its occupants as well as 

social interactions, and improvement of quality of 

life are the principle objects of a residential 

building. When these are found wanting, the 

expectation is usually in the form of occupants’ 

expressed dis/satisfaction. Thus this study has 

evaluated the level of knowledge and 

implementation of bioclimatic principles/practices 

in the design and construction of modern residential 

buildings. It has also assessed the adequacy of 

bioclimatic elements and occupant level of 

satisfaction based on certain environmental 

performance criteria in South-eastern Nigeria. The 

study has found that there was low level of 

implementation of bioclimatic principles/practices 

in spite of high level of knowledge about 

bioclimatic principles/practices by the building 

professionals. The study further found that the 

resultant effect of low implementation has led to 

inadequacies in the provision of bioclimatic 

elements/features in the buildings which further led 

to the occupants’ dissatisfaction of environmental 

performance of the buildings. 

 Furthermore, the study found that the level of 

occupants’ satisfaction was significantly and 

positively correlated with the adequacy of 

bioclimatic elements. In the same vein, the 

adequacy of bioclimatic elements was equally 

significantly and positively correlated with the level 

of implementation of bioclimatic 

principles/practices. This suggested that high level 

of dissatisfaction expressed by the occupants was as 

a result of inadequacy of bioclimatic elements 

which was a sprout of low level of implementation 

of bioclimatic principles/practices by the building 

professionals. 

 Implicitly, this study has both practical and 

policy implications. The study has revealed the 

need for building design and construction 

professionals to transform their knowledge of 

bioclimatic principles into practice for an improved 

performance. Specifically, designers and builders 

should optimise such practices as planting of trees 

and vegetation around the building, incorporation 

of artificial water bodies around the building and on 

the façade, use of green facades, use of green roof, 

use of solar energy, acoustic protection, building 

orientation towards the south so as to create a 

balance between traditional values and 

modernisation and create a more comfortable home 

for people to live.  Secondly, the fact that 

bioclimatic design and construction has not been 

infused into the mainstream building practice in our 

contemporary society is an act of policy and other 

factors. Thus, this study has called for a revisit to 

existing building design and construction laws, 

policies and codes, or institutionalising new 

regulations that would accommodate the 

peculiarities of bioclimatic principle. On this 

premise, this study has provided a basis for 

formulating policies upon which building design 

and construction professionals and relevant 

agencies would incorporate elements of bioclimatic 

construction in their practice. However, for an 

effective and workable policy framework, 

government and construction stakeholders should 

be involved in the formulation bioclimatic policy 

for buildings. Specifically, the enforcement within 

the construction industry should be championed 

and propelled by the organs of the government and 

relevant professional groups for a sustainable 

building. Nevertheless, one major limitation of this 

study is the sample size which is less than 5% of the 

population and might affect the generalisation of 

the result of this study. 
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