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A B S T R A C T

Sustainable cities’ growth and developmental pattern relies on design and planning that meets its inhabitants’
needs. Seemingly, in these cities mixed-use buildings exists as skyline dots of vertical, horizontal and as shared
‘premises’ building dimensions. Essentially, mixed-use buildings are gradually replacing urban neighbourhood
zooning design and building configurations particularly along major streets in the built environment. Signifi-
cantly, Lagos state government in Nigeria has invested in the development of Model City Plans (MCPs) as district
and neighbourhood regenerating process of which mixed-use building concept is an essential part of the scheme.
Hence the need to develop a sustainability guide for mixed-use buildings leveraged on the experience of stake-
holders particularly the inhabitants of these environments. The study therefore aims to establish critical indicators
applicable for a sustainable mixed-use building development in Lagos, Nigeria. The study adopted questionnaire
survey in soliciting for data which was thereafter analysed using inferential statistics. In this regard 341 re-
spondents inhabiting mixed-use buildings were surveyed after selection through random sampling. Thereafter a
trail of inferential statistics with empirical evidences evolved relating the critical indicators necessary for sus-
tainability of mixed-use building as inspired by the users. The outcome established six (6) domains termed critical
indicators because of the significant association of their factors for mixed-use building sustainability in Lagos,
Nigeria. Notably, these developed domains adequately considered the pillars of sustainability relevant to mixed-
use unlike existing guides that are mostly mono-dimension. Hence it is expected that the proposed indicators
promote sustainable mixed-use, enhance sustainable city growth, creates resilient and self-sustaining cities.
1. Introduction

The combination of diverse activities within a physical architectural
form in order to integrate urban life is termed hybrid or mixed-use
(Komossa, 2011; Mayekar 2017). Similarly, the trend in the develop-
ment of any urban settlement over time has the traces of the concept of
mixed-use building planning (Crawford, 1995; Gentin, 2009; Heath et al.,
2013). Meanwhile, Gentin (2009) and Bhargava (2018) described the
progression in the development of mixed-use as traditional, undesirable,
debatable and revolutionary. Therefore, ‘healthy’ urban growth lies in
the integration of land-use because urban sprawl is associated with sole
land-use and is ecologically unsustainable (Bhargava, 2018). According
to Luna (2010), mixed-use building could be vertical, horizontal or
shared premises dimension with jointly use building facilities. Basically,
a mixed-use building involves both vertical and horizontal development
of building structure to accommodate multiple functions.

Additionally, the concept of development and environment are
mutually dependent and strengthens each other. This fact remains a
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fundamental principle of sustainable development (Oritola, 2009). The
interconnectivity between development and environment suggest the
needs for appropriate consideration towards sustainable development.
Meanwhile, several understanding and interpretations of sustainable
development reoccur in literature focusing and aligning with the di-
mensions of social, economy and environment (Ando et al., 2005; Ola-
wumi and Chan, 2020). However, the inclusion of culture and institution
perspectives is employed in international development application (UN,
2014). Accordingly, Epstein (2018) asserts that cultural values are
important and are of equal importance to sustainability development
because for a purposeful development to occur there is need for cultural
appraisal (Go-Sam and Keys, 2018). Therefore, these dimensions are
interrelated and there is need for their equal consideration while
measuring sustainable development (Shari, 2011). As such Nahla et al.
(2020) conclude that cultural and environmental conditions are germane
to determination of criteria for evaluating the sustainability level of
buildings.

Mixed-use concept which is a part of compact city idea has become
anuary 2021
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universal plan for urban development and renewal strategy envisioned at
attaining sustainable development (Ezema and Oluwatayo, 2014;
MPPUD, 2011). Urban density and upsurge in land value account for the
widespread of mixed-use approach of building development (Fenton,
1985). Metropolitan Area Planning Council, Boston (MAPC, 2010)
alluded to the significance of mixed-use development advancing from
considerable planning. It avowed uncoordinated mixed-use development
as an outcome of unguided growth devoid of guidelines. Although,
momentous devotion to mixed-use guidelines is evidence in developed
countries, there are limited efforts palpable in developing countries.

There are several studies conducted on assessing sustainability per-
formance of building with over 400 register software to access various
aspect of sustainability (Nguyen and Altan, 2011). Also, there exist
numerous sustainability rating systems (Olawumi et al., 2020). However,
there is no-existence of sustainability rating system that suited the
developing countries in sub-Saharan Africa (Olawumi et al., 2020). Thus
there is need and quest to promote sustainable city in developing coun-
tries (Shen et al., 2010) because there is significant effect of local content
on sustainability criterion (Todd and Geissier, 1999; Banani et al., 2013).
Therefore, there exist some significant gap in the existing body of
knowledge as Alyami and Rezgui (2012) & Xiaoping et al. (2009) argue
that consideration of regional variation is essential and should be pri-
oritise while developing sustainability criteria. Thus the aforementioned
gap and limited literature relating sustainability to mixed-use building
noting the peculiarity of the mixed-use phenomenon and the pursuit for
indices that are prerequisites to the sustainability of mixed-use building
development propel this study.

This is because the classification for sustainability assessment and
measures are based on purpose, scope, and context (Brandon and Lom-
bardi, 2011; Mahmoud et al., 2018). In line with the aforesaid, The Lagos
state government of Nigeria revised their master plan to accommodate
provision of Model City Plans (MCPs) for the urban area. This is a
planning and operational strategy that includes mixed-use development
to support the envisaged future growth and development of the city
(MPPUD, 2011) in order to align Lagos with other megacities in the
world. Against this backdrop, the study goal is to establish mixed-use
building indicators that are critical for a sustainable mixed-use build-
ing development within MCPs in Lagos, Nigeria. The development of the
guide for mixed-use building is leveraged on the experience of stake-
holders particularly the inhabitants.

2. Renaissance of mixed-use development

The renaissance of mixed-use development could be traced back to
Brundtland report (Walker, 2004). Similarly, the act of combining
functions in a building has been in existence since the beginning of
ancient building itself (Artscape, 2013; Briney, 2015). However, the
advancement in the developmental processes due to improvement in
Hi-Tech necessitated the changing nature of cities in the 21st century.
The reduction in the hazardousness of the procedures for manufacturing
inspires the revitalisation and development of multi-functional activities
within a community (Artscape, 2013; Norman, 2003). The impact of
mixed-use development on urban planning and real estate development
over the years is unprecedented because it aligns with principles of smart
growth, urbanism, and compact city. Therefore, this suggests the uni-
versality of the fundamental ideas of mixed-use development in the
enhancement of the built environment (Herndon, 2011).

Predominantly Fenton’s (1985), study on North America cities was a
leading effort promoting and suggesting the concept of mixed-use as a
recurrent concept throughout history in America context. Similarly,
Jacob (1961) is frequently referred to when discussing mixed-use
development resurgence (Rowley, 1996; Grant, 2002; Hoppenbrouwer
and Louw, 2005; Rabianski et al., 2009). In particular Jacob (1961)
earlier propagates the conditions for attaining the goal of mixed-use
development, which includes that a district must perform more than
two functions with jointly used facilities. Also, that edifices should be
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closely grained together, or densely populated and as well be pedestrian
oriented.

Studies have revealed that there are intricacies surrounding mixed-
use development though at a glimpse it seems direct, signifying that
real estate development involves mixed-land use. Accordingly, among
the complexity of mixed-use is its multidimensional nature, and lack of
clear and precise definition of what constitute and the level of its cor-
poration in the urban setting (Coupland, 1997; Grant, 2002; Hoppen-
brouwer and Louw, 2005; Rabianski et al., 2007; Van Den Hoek, 2008).
The divergence of experts’ views on what constitute mixed-use contrib-
uted to the nebulousness surrounding the concept (Geyer and Quin,
2019). Nevertheless, in spite of the divergence view, the industrial survey
and the urban and land institute classification of mixed-use concept is
recurrently cited (Niemira, 2007; Wardner, 2014).

Accordingly Niemira (2007) summarized their outcomes to infer
integration of diverse functions to accommodate the trio of “live –work –
play”. This is imperative in order to create a pedestrian-oriented area that
would alleviate traffic and urban sprawl. The Urban and land institute
asserts that mixed-use concept is an integration of mutually supporting
structure that should also be complemented by pedestrian connection
(Van Den Hoek, 2008). Thus, industry survey and ULI assertion clearly
establish the underlying mechanism constituting mixed-use concept.
Summarily, mixed-use concept involves physical and functional inte-
gration of activities. However, the activities should be adequate to entice
its own market and also involve space maximization through intensive
land use oriented towards pedestrian and coherent plan (Niemira, 2007;
Rabianski and Clements, 2007).

2.1. Dimension of sustainable development

The World Commission on Environment and Development [WCED],
1987 established the concept termed sustainable development during the
popular Brundtland Report. The concept- “sustainable development”
according to the commission infers the development that support and
meets the need of present generation, and also consider the aptitude of
future generation meeting their need (H�ak et al., 2018). Meanwhile,
Roberts and Lloyd-Jones (2005) assert that the WCED report spurred the
urban development guidelines particularly for developing countries due
to the effects of economic development on the environment. However,
aside leading to several interpretations these has also steered political
and academic debate.

Therefore, the establishment of sustainable development was through
series of political meetings ranging from Rio Conference, the Johannes-
burg Conference, and the Rio þ20 between 1992 and 2012. The con-
ferences coupled with multi-lateral convections among which are United
Nations Framework Convention on Climate (UNFCC) and United Nations
declarations like Agenda 21 which institutionalised the concept of sus-
tainable development (Clemencon, 2012). For instance, Agenda 21
connotes progressive economic growth with equal opportunity for the
populace and it signifies development without destruction to the
eco-system.

The foregoing reinforces the assertion that sustainable development is
generally addressed from three dimensions of social, environmental and
economic perspectives. These dimensions are inter-dependent, insepa-
rable, and also integrated (UN, 2014; Olawumi et al., 2020). Equally,
cultural values are found to stimulate the development of a healthier
environment and are usually considered as a dimension for sustainable
development (Artscape, 2013; Epstein, 2018). This is important because
cultural assets assist in addressing local needs because for practical
development there is the need for cultural assessment integration
(Go-Sam and Keys, 2018). Further still, this idea is buttressed by Isah
(2016) when he asserted that cultural values are basis upon which all
other dimensions are built. Accordingly, as cities grow distance between
workplace and residence diminishes (Beckman, 2013) which infers
propensity of cultural trait influences developmental process and growth
of a city. Therefore, in analysing the critical indicators for Mixed-use



Table 1
Thematic Evaluation of Criteria reflective for Sustainable Development.

Criteria reflective of Sustainable Development Indicators Joachim, Odile

Dimensions Agenda 21 elaborated by Kahan Michigan University Gibbered (2008)

Economic Growth
Development
Productivity
Trickle down

Cost saving
Economic Growth
Profit
Research and development

Local economy
Efficiency of use
Adaptability & flexibility
On-going cost
Capital cost

Solvability
Profitability
Growth (return increase; market share)

Social Equity
Empowerment
Accessibility
Participation
Shearing
Cultural identity
Institutional stability

Living Standard
Education
Community
Equal opportunity

Occupant comfort
Inclusive environment
Access to facilities
Participation & control
Education, health & safety

Education
Employment
Gender balance
Health

Environmental Eco-system integration
Carrying capacity
Biodiversity

Natural resource use
Environmental management
Pollution prevention (air, water, land and waste)

Water
Energy
Waste
Site
Materials & components

Success of dematerialisation
Material input
Emission
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buildings, considering economic, environmental, social and cultural
values becomes worthwhile.
2.2. Operationalization of sustainable development variables

The 17 goals for sustainable development are global and trans-
formative strategy in order to achieve sustainable development for the
benefit of all people. However, there is need to contextualise and oper-
ationalize the goals to local contexts (UN, 2014). This is because for
instance in developing countries the standard of living is lower than what
is experienced in developed countries. Thus there is a great need to cater
for human needs that are yet to be met in developing countries. In this
regard Gibberd (2001) and UN (2014) emphasises the need for devel-
opment that address basic needs with positive environmental impact.
Invariably, techniques for sustainable development assessment involve
both tangible and intangible indicators which suggest non-absolute
standards to indicators’ factors (Brandon and Lombardi, 2011).

Therefore, indicators are pivotal in decision making on sustainability
goal because they are measures that satisfy particular and peculiar needs.
Accordingly, several indicators were developed along the dimension of
sustainability. However, Miles et al. (2014) method of checking repre-
sentativeness andmeaning of outlier in confirming findings was used as a
guide in operationalising the variables. Therefore, Table 1 shows sus-
tainability development indicators according to previous studies that are
adopted for this research.

As a result of the logical chain of evidence and also based on varied
indicators suggested by scholars, attaining effective development re-
quires a flexible and adaptable economic growth while considering
economic dimension of sustainability. Meanwhile, when measuring so-
cial dimension of sustainability empowerment is important in order to
advance the health and living condition in line with varied cultural dif-
ferences for an overall inclusiveness. In sum, sustainable development in
general ensures improvement of the eco-system and also encourages the
use of sustainable materials.

3. Methodology

The strategy adopted for this research is confirmatory research
method. Confirmatory research approach using statistical technique in
order to determine critical indicators necessary to ensure sustainability of
mixed-use building was employed. This approach according to Kennedy
(2015) forms the basis for valid scientific outcomes. Furthermore, ac-
quaintance with prior surveys that demonstrated valuable ideas informed
the questionnaire design. Additionally, prolonged engagement with the
study area as well as persistent observation on the subject matter during
3

preliminary engagement directed the contextual peculiarities. Thus, data
were collected among users of mixed-use buildings because they are
major stakeholders. The selection of users was informed by their famil-
iarity with the effectiveness and performance of mixed-use buildings.
This aids the realism of mixed-use concept and informs means of
achieving sustainability.

Probability sampling scheme through random sampling method
which gives chance to individual being selected and representative of the
population was employed (Kumar, 1999; Creswell, 2012). Thus, a total of
341 responses with high statistical power were gathered after sorting out
incomplete attempts. Accordingly, Comrey and Lee (2009) recommends
a sample size not less than 300 for factor analysis. Also, 384 respondents
for a population of one million are suggested by Krejcie and Morgan
(1970). This is because gradual increase in population results into a rise
in sample size but at a diminishing rate which becomes constant when
above 380.

The data analysis involved reliability testing of the instrument using
Cronbach’s Alpha. This was swiftly followed by the Kaiser-Meyer-Olkin
Measure (KMO) of Sampling Adequacy. Afterwards, principal compo-
nent analysis and exploratory factor analysis with factor loading set at �
0.40 was employed in order to establish variables with stronger predic-
tion potentials. The total variance explained establishes the extracted
sums of squared loadings such as predictor (independent) variables.
Finally, inferential statistics-multiple regression analysis was performed
to measure socio-cultural, socio-economic and environmental di-
mensions rooted in contextual cultural peculiarities on the search for
appropriate indicators as means of mixed-use building sustainability.
This was done in order to test the hypothesis towards predicting the
dependent variable as well as establishing the best predictor (indepen-
dent) variables.
3.1. Research questions and respondents used for survey

The strategy adopted for the questionnaire design was based on the
study requirement which was centred on the criteria essential for sus-
tainable mixed-use building. The development of the questions was
grounded on acquaintance with literature on the background of the study
and familiarisation with valuable ideas that are beneficial to the study
from previous questionnaires. This led to the identification and adoption
of critical indicators for the phenomenon under study. Thus, the ques-
tionnaire developed was divided into three sections that include socio-
cultural, socio-economic and environmental dimensions.

Precisely, the mixed-use building inhabitants who are also stake-
holders are the target respondent. The choice was based on their famil-
iarity with the effective performance because they use the building rather



Fig. 1. Research method flow diagram.
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than rely on their understanding of sustainable development concept.
The understanding of the practicality of the concept which is brought to
bear signifies the worthiness of this approach. However, population of
targeted users covers and were limited to the mixed-use corridors iden-
tified in the MCPs and action area in Lagos State. This is because there is
optimal concentration and practise of mixed-use building as well as users
4

in this part of Lagos State-Nigeria. Consequently, in order to minimise the
risk of sample biasness and the result being skewed to a particular area of
study the questionnaire forms were self-administered using on time
contact data collection technique (Keeves, 1988a,b; Cottrell and
McKenzie, 2010). The methodological approach employed is highlighted
in Fig. 1.



Fig. 2. Demographic data of respondent.
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4. Analysis and results

4.1. Demographic data

The variables which include age, duration of stay as resident, gender
and marital status are used to generate demographic data used to de-
scribes the characteristics of the respondents. Also, educational qualifi-
cation and occupation of the inhabitant were also determined. The result
shows that resident with age range between 18 and 28 has highest
response rate at 53% followed by age range 29–39 which recorded 24%
as highlighted in Fig. 2a. This infer that majority of the inhabitants are at
their productive phase of lives. The enthusiasm existing with these age
ranges might also have influenced the choice of mixed-use building,
where consideration of proximity to work is place above other consid-
erations. Meanwhile, the duration of stay as resident diminished over the
years as shown in Fig. 2b. The respondents’ duration as resident ranged
between <5 years and 6–16 years which accounts for 38% and 39%
respectively. This implies that as the family or businesses grows, the
choices and needs of inhabitants changes.

Additionally, marital status and gender of respondent shows that 57%
of inhabitants examined are single while 40% are married. Gender dis-
tribution shows 52% of the respondents are female while 48% are male
as presented in Fig. 2c and d respectively. Thus the data on sustainability
indicators established from the survey emanates from both genders with
varied marital status. This outcome of the demographic data shows
adequate consideration of all gender and marital status. Hence reduces
the skewedness of the findings and thus reinforces the strength of the
outcome. The educational qualification of respondents shows that 78% of
the respondents had tertiary education while 13% had up to secondary
education. This indicates the supposed level of exposure and competence
of respondent to issue under-study. Although soundness of thought could
not entirely be based on educational qualification, however the level of
awareness and ability to evaluate issues on building sustainability and
5

the environment is assured. The educational qualification reflected on
the respondent occupation as civil servant and private business cate-
gories accounting for the highest value of 24% and 22% respectively.
Meanwhile, 54% of respondents captures majorly dependant of the civil
servant and private business owners. The demographics results are
descriptively presented in Fig. 2.

4.2. Inferential analytical process

The first inferential analytical process on the sustainability indicators’
data was reliability test which determined the Cronbach’s Alpha. Then
exploratory factor analysis (EFA) through the use of principal component
analysis with varimax determined the factor weight. The adoption of
exploratory analytical approach is applauded in investigating until a
satisfactory level is attained (Tabachnick and Fidell, 2007), with a prior
factor loading of �0.4. This was followed by measuring the sample ad-
equacy using KMO and Bartletts test, which afterwards led to the iden-
tification of the proportion of variance explained. Subsequently, multiple
regression analysis was conducted in order to confirm the predicting
value of variables on sustainability of mixed-use buildings. Therefore, the
ability of the model to explain the dependent variable according to Gupta
(1999) was determined by the significance value.

4.2.1. Reliability test
In determining the worthiness and excellence of research instrument,

the Cronbach’s Alpha is imperative (DeVellis, 2011). Therefore, the
Cronbach’s Alpha value of 0.870 was achieved when the questionnaire
items measuring the sustainability indicators were subjected to internal
consistency reliability test. The Alpha threshold of 0.70 according to
Nunnally et al. (1967) and Pallant (2013) are tolerable value while 0.80
and 0.90 are better values (Bride, 2004; DeVellis, 2011). Thus 0.87 Alpha
value established indicates worthiness and reliability of the instrument.



Table 2
Factor matrix for PCA analysis of sustainability indicators.

Sustainability indicator for mixed-use building Factor
Loading

Extraction sums of squared loadings Rotation sums of squared loadings

Eigenvalues % of
variance

Cumulative Percentage
of variance explained

Eigenvalues % of
variance

Cumulative Percentage
of variance explained

Mixed-use building ensures safety, reduces crime and
anti-social behaviour

.750 6.333 22.616 22.616 4.189 14.959 14.959

Shared spaces such as access road, stairs, entrance
lobby and parking in mixed –use building are
satisfactory

.735 2.553 9.118 31.735 2.902 10.364 25.324

Mixed-use building development ensure healthy
living among occupants

.720 1.613 5.761 37.495 2.299 8.211 33.535

Shared facilities improve social well –being within
the premises

.706 1.361 4.860 42.356 1.963 7.011 40.546

Occupants are guided by rules in the management
and operation of the building premises

.559 1.208 4.315 46.671 1.441 5.146 45.692

Mixed-use buildings development improves social
well-being among occupants

.554 1.109 3.959 50.630 1.383 4.938 50.630

Combination of different activities in this buildings
eases access to basic needs of occupants

.550

Access to basic needs and services accounts for
success of mixed-used building development

.536

Flexibility of spaces (internal and external) influence
the occupancy rate in mixed-use building

.406

Home-based businesses and trading in domestic
workplaces influence the type of mixed-use
buildings development

.690

People interaction with the environment influences
the development of mixed-use building

.671

Renting cost influences the rate of occupancy of
mixed-use building

.659

Cost implication on maintenance and operation
influence mixed use building occupancy

.557

User’s lifestyle affects the maintenance and operation
of mixed-use building

.539

Cultural personality of people determines their
choice of renting mixed-use building

.432

Level of income determines the choice of mixed-use
buildings

.679

Nature of occupation influences the choice of mixed-
use building

.615

Locations such as city Centre, sub–urban area have
influence on the activities in mixed - use building

.515

Inclusion and user’s Participation towards policy
formation improve the development of mixed-use
building

.506

Local economy benefit from the development of
mixed-use building

.500

Inclusion and user’s Participation towards policy
formation at initial stage

.419

Mixed –use building is influenced by activities in
adjoining properties

.807

Mixed-use building has effect on adjoining
(neighbouring) properties

.799

Mixed – use building influences the nature and mode
of parking spaces provision

.691

Small scale businesses influence the rate of
development of mixed – use buildings

.560

Educational status influence choice of renting mixed-
use

.420

Different kind of waste generated in mixed-use
building makes recycling difficult at disposal point

.770

Closeness of uses in mixed-use building discourage
use of cars, thereby reducing emission of poisonous
gas to the environment

.494

S.F. Salami et al. Environmental and Sustainability Indicators 9 (2021) 100101
4.2.2. Factor analysis
Testing the strength of relationship among the variables was attained

through the use of Bartlett’s Test of Sphericity. Accordingly, Yong &
Pearce (2013) suggests that a p-value of <0.05 infer a significant level of
relationship among the variables. Therefore, a p-value of 0.00 attained
indicates a good strength of relationship among the variables. Further-
more, the sampling adequacy and adequacy of sampled responses was
measured using the KMO. This is imperative while determining the
suitability of variables for Exploratory Factor Analysis (EFA). According
6

to Kaiser (1974), KMO values of 0.5 are barely acceptable while values
between 0.7 and 0.8 are acceptable and above 0.9 are considered
excellent. In this regard, the KMO value of the variable under study is
0.846 and is within the acceptable threshold. Therefore, the variables are
considered suitable for EFA. Factor analysis exhibits both differentiation
pattern and structural modelling in the form of scores and loadings
respectively. Therefore, variables were subjected to Principal Component
Factor analysis (PCA) with a threshold factor weight of �0.04 so as to
establish fundamental variables with strong prediction potentials and



Table 3
Transformation of data to Indicator domains.

Indicator domains
Indicators Healthy management

operation
Social Interaction Choice

Determinant
Adjoining properties scale of operation Waste management

Crime and anti-social
behaviour

Home-based business Level of income Functions in adjoining
properties

Nature and mode of
parking space

Varied waste generation
and recycling

Satisfactory Shared space Inhabitant interaction with
the environment

Nature of
occupation

Effect of adjoining
properties

Small scale business
integration

Pedestrian oriented

Healthy living Rent cost and occupancy Location Educational status
Social well-being Operation and maintenance

cost
Users
participation

Operation management Cultural personality and
lifestyle

Access to basic need and
services
Flexible spaces

Table 4
Model summary.

Model R R Square Adjusted R Square Std. Error of the Estimate Change Statistics

R Square Change F Change df1 df2 Sig.

1 .511a .262 .195 .775 .262 3.934 25 311 .000

Table 5
ANOVA.a

Model Sum of Squares df Mean Square F Sig.

1 Regression 66.109 25 2.361 3.934 .000b

Residual 186.653 311 .600
Total 252.762 399

a Dependent Variable: There is need to ensure sustainability of mixed-use
building among users.

b Predictors: (Constant).
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establish the underlying factor. This is because previous studies have
already established the grouping of the variable. Thus, the variable has
factor loading ranges from 0.406 to 0.807 as displayed in Table 2.

Furthermore, the total variance explained presents the number of
significant factors and shows that the extracted sums of squared loadings
are imperative. It is important to note that only extracted and rotated
values are meaningful for interpretation (Yong and Pearce, 2013). The
extracted sums of squared loadings of first six variables accounted for
22.65%, 9.12%, 5.76%, 4.86%, 4.32%, and 3.96% of the variance
respectively as illustrated in Table 2. Thus, the outcome shows a signif-
icant relationship between these variables (indicators).

4.2.3. Data transformation
Subsequently, the components from the principal component analysis

(PCA) were summed up through data transformation. The summation
was to identify domains and establish factors for the domains. As a result,
six (6) domains were established which include healthy management
operation, social interaction, choice determinant, adjoining properties,
scale of operation and waste management each with 7, 5, 4, 2, 3, and 2
attributes as indicators respectively after transformation. Altogether
twenty-three (23) indicators evolved from this process as outlined and
presented in Table 3. These were effectively utilised for further analysis.

4.2.4. Regression analysis
The study further hypothetically tested the indicators (variables) to

establish statistical significance in predicting sustainability of mixed-use
building. The threshold for p-value is < 0.05 which infer significant
relationship between dependent and independent variables. This implies
that the lower the p-value the better the model. The result shown in
7

Table 4 infers that there is statistical prediction of the indicators towards
ensuring sustainability of mixed-use building with the attainment of 0.00
p-value of significance. Hence, the consideration of predictors used in this
study during design, construction and operation will ensure sustain-
ability of mixed-use buildings. Also, the regression equation shows the
relationship between the 28 considered indicators (predictors) and the
dependent variable. Accordingly, the overall regression model is signif-
icant with F (28,311) ¼ 3.934, p ¼ 0.00 and R2 0.262 as highlighted in
Tables 4 and 5.

The variance explained by the variation in the predicting variable
which is the adjusted R2 is 19.5%. Similarly, the R2 measures the amount
of variation in the dependent variable that was explained by the pre-
dicting (independent) variables which recorded 26.2%. Hence, the per-
centage prediction of the variables on mixed-use building sustainability
in Lagos state is 26.2%. This infers that the model could explain the
aberrations in the dependent variable and R2 is significantly different
from zero.

5. Thematic inferences of the critical indicators

The principal focus of the study is to establish critical indicators
applicable and appropriate for mixed-use building sustainability in
Lagos, Nigeria. Sustainability has proved to be key in developmental
process and imperative in almost all sphere of live. This is consistent with
some previous studies that have identified the needs for appropriate mix
of functions for a sustainable built environment. For instance, Coupland
(1997), Grant (2002), Hoppenbrouwer &Louw (2005) and Rabianski
et al. (2007) found the need for clarity of what constitute mixed-use
development due to its multidimensionality as key mechanism for
ensuring healthy living and development in urban setting.

Therefore, in achieving critical indicators for mixed-use buildings
sustainability, this study considered the three dimensions of sustain-
ability (social-cultural, economic and environmental) as it relates to
mixed-use building. Also, the regression analysis shows that the pre-
dicting variables can ensure sustainability of mixed-use building. This is
because R2 is significantly different from zero and the predictors are
predicting sustainability of mixed-use building in Lagos state, Nigeria.
Thus predictors with higher factor loading weight of >0.60 are consid-
ered form the suggested six (6) indicator domains. This is because these
variables have a more significant association with the search for critical
indicators for mixed-use building sustainability. These domains are



Fig. 3. Radar weight value distribution of mixed-use building critical indicators.
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fundamental and Van Den Hoek (2008) MXI (Mixed-use index) could
relate with this finding.

Impliedly, the healthy operation management domain suggest that
appropriate operational management ensure healthy and social well-
being while providing access to basic needs and services. On the other
hand, social interaction domain proposes that inhabitant interaction with
the environment usher home based businesses and trading in domestic
workplace which influences the type of functional combination in a
mixed-use building. Likewise, cost implication of operation and main-
tenance has effect on rate of occupancy of mixed-use building. Also worth
noting on the social interaction domain is the inhabitants’ lifestyle which
is a reflection of their cultural backgrounds. However, modernization of
building development and homogeneousness in the pattern of urban area
lessen impact of cultural lifestyle.

The respondents through representativeness illustrated the signifi-
cance of choice determinant domain in the development of critical in-
dicators for mixed-use building. It stresses the fact that level of income
and occupational nature influences choice of mixed use building as a
preferred means of habitation. In furtherance to these, adjoining prop-
erties domain proclaims and suggests that prevailing activities in
neighbouring buildings overtime have significant influence and effect on
possible functional combination that could create a healthy living. The
scale of operation domain proffers that nature and mode of parking
provision is key to every building construction and more crucial due to
peculiarity in mixed-use building. It also recognises imperativeness of
integrating small scale company or businesses because they influence the
rate of mixed-use building development. These aligns with waste man-
agement domain that established a disposal pattern which considers
varied waste generation and recycling as germane perquisites to the
search for critical indicators for mixed-use building sustainability as
illustrated in Fig. 3.

6. Conclusion

The prime goal of this study is to establish mixed-use building in-
dicators that are critical for a sustainable mixed-use building develop-
ment. The data collected from the respondents were analysed through
descriptive and inferential statistics which was later content analysed.
This resulted into critical sustainability indicator domains for evaluating
8

mixed-use building sustainability. The superiority and advantage of these
findings were its contextual nature specifically on mixed-use building in
developing urban cities that have similar characteristics with Lagos,
Nigeria. Also, this study used more unified sustainability evaluation
criteria which comprise socio-cultural, economic and environmental
dimension as against mono-dimension with its shortcoming which were
reported in literature as inadequate. As revealed in the weight value for
the respective factors in the domains, considerable proportion of the
aforementioned sustainability dimension is appropriate. Hence, indices
such as activities in adjoining buildings, modes of parking, diverse cat-
egories of waste generated and level of income influences and are
germane in achieving healthy living. Also it is evident that mixed-use
building reduces crime, ensure safety and improve social well-being.

Ultimately, indicators are guide and parameters that are pointer to
sustainable development in general and critical determinant of mixed-
use building sustainability. The configuration and subsequent opera-
tion of mixed-use building allows several functions which prompted as-
sertions by this study towards realisation of appropriate parameters for
both design and evaluation of mixed-use buildings. Among the practical
contributions of the study to knowledge and practice was the determi-
nation of key decision domains and critical indicators which are specific
to mixed-use building through literature and opinion from the re-
spondents. This is necessary because measures for sustainability vary due
to purpose, focus and context as earlier proved from literature. The
critical indicators eventually will aid decision makers and professionals
in the building industry in evaluating sustainable performance of mixed-
use buildings and make informed sustainable decisions. The study also
contributes to existing body of knowledge being one of the foremost
attempts aimed at developing critical indicators to enhance sustainability
practice within mixed-use building environment. The limitation of this
study is that the developed indicator domains and indicators were based
on a section of stakeholders and regional specific. As such it is recom-
mended that future study explore professional perspective and consider
other regions with aspects of sustainability that deals with energy man-
agement and indoor acoustic performance in mixed-use buildings.
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