UNDERLYING INDICATORS FOR MEASURING SMARTNESS OF BUILDINGS IN
THE CONSTRUCTION INDUSTRY

Abstract

Purpose: The introduction of the Smart Buildings Technology (SBT) concept (which
incorporates elements of the Zero Energy Buildings (NZEB) concept) could be a measure in
ensuring efficient energy consumption and high performance in buildings. Smart buildings
provide solutions to improve building efficiency, and reduce energy consumption, carbon
emissions and concomitant energy costs. In order to adopt SBT in the construction industry, it
is important to identify the indicators of smartness of buildings, even though such may differ
from region to region or even country to country. However, there have been inefficient
studies identifying the indicators of smartness of buildings, especially in developing countries
such as Ghana. This study investigates the underlying indicators for measuring the smartness
of buildings in the construction industry.

Methodology: An overarching post-positivist and empirical epistemological design was
adopted for this research to analyse primary quantitative data. Data was collected via a
structured questionnaire survey with 227 respondents including project managers and
construction design teams in Ghana. The mean ranking analysis and one sample t-test were
employed to analyse the data.

Findings: Research findings revealed that the level of knowledge of smart building indicators
is averagely high in the Ghanaian construction industry. With regards to the indicators of
smart building, ‘sensors implementation to manage light level, air quality, temperature, fire
alarm and smoke detector’ is regards as the most significant measure of smart buildings in the
Ghanaian construction industry. Also, ‘remote implementation monitors building conditions
and occupancy’, ‘implementation of any software that can talk to legacy equipment from
many different manufactures’ and ‘data analytic’ are statistically insignificant in measuring
smartness of buildings.

Practical Implication: Practically, policy makers and practitioners can use the study’s
results as blueprint guidance to appreciate and utilise the idea of smartness of buildings
because it can improve building performance therefore, promoting the adoption of SBTs. To
the body of knowledge, this study has identified the significant indicators for measuring the
smartness of buildings, which can further influence SBTs adoption.

Originality: Using the results, a model consisting of significant indicators for measuring
building smartness was developed to help improve building performance.

Recommendation: The study recommends future research to evaluate the awareness level of
Smart Building Technologies (SBTs) by construction professionals and identify barriers to its
adoption.

Keyword: Building performance, construction industry, developing countries, energy
efficiency, indicators, smart building technology.

Introduction

Buildings account for approximately 30-40% of global energy demand and humans invest
almost their entire lives (circa 80-90% of the time) in buildings, so reducing energy demand
through efficient activity is the subject of construction control research (Park and Nagy,
2018). Buildings also impact upon the environment in a form of water and air-pollution due



to for example, cement usage (Raffetti et al., 2018). Wang et al. (2019(Urge-Vorsatz et al.,
2013; Santamouris, 2016; Urge-Vorsatz et al., 2018).) opined that present actions are
insufficient and suggested that resolute and timely effects are needed on a global scale to
minimize the harmful impact of anthropogenic activities on the environment. Sustainable
development is needed to help minimize the building’s negative impact on the environment
using an integration of efficient methods based on multidisciplinary knowledge (Baleta et al.,
2019).

With regards to rapid global industrialisation and urban development, preventive actions are
needed to prevent ripple effects that could cause serious environmental sustainability issues;
therefore, the argument for smart and efficient management is compelling (llankoon et al.,
2018; Nizeti¢ et al., 2019). According to the Energy Performance of Buildings Directive
(EPBD), newly constructed buildings in the European Union (EU) need to be NetZero
Energy Building (NZEB) (which is an integrated part in a smart building (Karlessi et al.,
2017)) by the end of 2020 (European Union, 2014). Buckman et al. (2014) proffered that
smart buildings are the future of the urban built environment, demanding more functionality
from more constrained resources and more stringent building regulations. The smart home
concept emanated from the notion of home automation, which provides benefits to end-users
including lower energy costs, provision of comfort and security, and assistant to everyone
including the disabled (Pedrasa, 2010). The advent of the Smart Buildings Technology (SBT)
concept, which also constitutes elements of the NZEB concept (Harkouss et al., 2018), could
be a preventive measure in ensuring efficient energy consumption in buildings (Nizeti¢ et al.,
2019). Smart building indicators facilitate the rating of the smart readiness of buildings i.e.,
expand the capability to adapt operations to occupant needs, optimize energy efficiency and
overall performance, and adapt building operations in reaction to signals from the energy
grid. Smart building indicators are capable of raising awareness amongst occupants and
construction professionals of the inherent value behind building automation and electronic
monitoring of technical building systems - this simultaneously augments occupants’
confidence about actual savings of new enhanced functionalities (VITO NV, 2018).
However, there are no particular recommendations on how advanced technologies should be
applied to achieve the smart building concept. It is therefore important to identify what
indicators would be most critical in measuring a building’s smartness (Apanaviciene et al.,
2020).

In developing countries, the number of new building developments is growing rapidly and the
energy prices and market often do not encourage the use of efficient technologies (Hui, 2000;
Iwaro and Mwasha, 2010). Buildings and human activities within contribute to a major share
of global environmental concerns (Urge-Vorsatz et al., 2013; Santamouris, 2016; Urge-
Vorsatz et al., 2018). Ghana is of no exception, especially in respect of its energy challenges.
According to Koranteng and Mahdavi (2011), energy requirements for cooling of office
buildings in Ghana represent a growing burden for both the environment and the economy.
The Energy Commission Ghana (2009) reported that energy consumption of households
increased from 26% (of total national energy consumption) in 2000 to 37% in 2005. Few
researchers have encouraged smart buildings in Ghana, in the context of energy efficiency
(cf. Koranteng 2010; Koranteng and Mahdavi, 2011; Addy et al., 2014; Addy et al., 2017,
Sarfo, 2016; Gyamfi, 2018; Chan et al., 2018; and Ahiabor, 2019). In order to adopt the smart
building model, it is important to identify the indicators of a building’s smartness, even
though it may differ from region to region or country to country. However, there appear to be
inefficient studies identifying the indicators of smartness of buildings, especially in
developing countries such as Ghana. The paucity of conclusive evidence on SBT adoption in
the Ghanaian construction industry is largely attributed to low level of awareness and
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cognisance about smart building concept amongst the construction team players or
professionals as a whole (Makarfi, 2015). This study, therefore, fills this knowledge gap by
investigating the underlying indicators for measuring the smartness of buildings in the
construction industry by involving the construction professionals, especially the design team.
The ambition being to produce blueprint guidance that can assist policy makers and
government officials make more informed decisions in future planning of the built
environment.

The Concept of Smart Buildings

The smart building concept uses smart technology (such as those adopted under industry 4.0
(cf. Newman et al., 2020)) to reduce energy consumption and improve comfort and users’
satisfaction (Attoue et al., 2018). Smart buildings can be many things but are simply defined
as: using building technology systems to optimise building services and operation for the
betterment of its occupants and management (Vattano, 2014). Smart building is generally
referred to a building with an integrated services platform for the intelligent management of
energy facilities, monitoring of consumption, adoption of security systems and video
surveillance (ibid). Balta-Ozkan et al. (2014) also added to knowledge by defining smart
building as a residence equipped with a communications network, linking sensors, domestic
appliances and devices that can be remotely monitored, accessed or controlled, and provides
services that respond to inhabitants’ needs. Smart buildings are developed upon intelligent
building concepts, as briefly explained by Agarwal et al. (2010). Smart buildings contain
aspects of automation (Edwards et al., 2017), and similarly, intelligence is an important
aspect of smart buildings (Wang et al., 2012; Shaikh et al., 2014). Building automation
requires “a lot of ‘intelligent’ devices” (Runde and Fay, 2011) and smart buildings are
increasingly using a number of smart devices, materials and sensors (Arkin and Paciuk, 1997;
Wong et al., 2008; Gilder and Clements-Croome, 2010).

McGlinn et al. (2010) proffered smart buildings as “a subset of smart environments” where
smart environments are “able to acquire and apply knowledge about the environment and its
inhabitants in order to improve their experience in that environment.” Sinopoli (2010) argued
that a smart building should focus primarily on the integration of the building's systems and
the processes by which the building is designed and implemented. Building automation is key
to making buildings more operationally efficient, and also to the integration of buildings with
smart grids (Gungor et al., 2011) and other external applications such as cloud computing.
Smart buildings incorporate and account for knowledge, industry, power, materials and
construction as a whole building system, with adaptability at the heart to meet building
progress drivers viz: energy and efficiency, durability, and comfort and satisfaction
(Buckman et al., 2014). The concept of smart building must be integrated into all stages of
the building’s life cycle, focusing on the design, construction and operational phases.
Therefore, in many cases, smart buildings combine the features of both a sustainable and a
green building. In summary, smart buildings serve human inhabitants, providing them with
more rational and personalised solutions, making their lives easier in terms of economic,
environment, social and cultural aspects. This study underscores the inextricable concept of
smart buildings in upholding the building performances and how this can help the
construction industry attain sustainability.

Theory of Intelligent Design



According to Witt (2007), the theory of intelligent design (ID) holds that certain features of
the universe and of living things are best explained by an intelligent cause vis-a-vis an
undirected process such as natural selection. In a broader sense, 1D is simply design detection
(that is, how to recognize patterns arranged by an intelligent cause for a purpose).
“Understanding the concept of intelligent design and also realising that science is provisional
and is subjective to many influencing parameters, we branch out from this point into the
world of Architectural Design and understand the disparity pronounced in the design created
against that of nature” (Gilder and Clements-Croome, 2010). Gilder and Clements-Croome
(ibid) assert that, the concept of engineering a building has been made as human sensitive and
responsive with prevalent technology and systems. Therefore, a building can be viewed as
living organism that harbours its resident from the external climate. This then depends on
systems such as building automation system (BAS), embedded sensors and actuators, design
quality indicator (DQI) results, etc.

Lastly, this current study also relates to the theory of ID. With the advent of technology,
buildings are increasingly responsive to human needs such that devices (automation/sensory
based) are easier to use and function but also afford contemporary architecture an image of
sophistication and high-tech look. According to Gilder and Clements-Croome (ibid), even
though the complexity and intelligent nature of smart buildings evolves from an intelligent
cause, it is also envisioned with systems illustrated in Figure 1.
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Figure 1: Systems of Intelligent Design (ID) Theory for Smart Building (Author’s
Construct, 2020)

Dimensions of Accreditation of Smart Buildings



In the last decade, the focus of building research has slowly shifted from sustainable building
to smart intelligent building, and both concepts are expected to merge in order to cater to the
growing requirement for a better, productive and efficient environment. Such an environment
would comprise of functionality; safety-security; thermal, acoustical, indoor air quality;
visual comfort; and building integrity without consuming excessive energy (Das, 2012). A
smart building is a building with changeable features that can respond with minimum human
interference to change the external and internal environment for the occupants’ benefit and
comfort, taking into consideration the financial perspective and reduction in energy use
(Hume, 2013). A smart building should have the ability to integrate automated building
controls and optimise operations to lowering both cost and energy usage compared to the
conventional or traditional buildings (Hume, 2013; Indrawati et al., 2017). SBTs are capable
of improving indoor climate conditions and simultaneously empower building occupants by
providing information on energy use and indoor climate change (Wouters and Laustsen,
2018).

According to Indrawati et al. (2017), “smart building is termed as the collaboration of
telecommunications, building automation, system integration and office automation for
optimizing economic, efficiency, comfortability, functionality and stability of smart
building.” It is therefore, logical to complement the indicator of the building’s energy
performance, as reflected by an Energy Performance Certificate, with an indicator of the
smartness of a building (Wouters and Laustsen, 2018). Buckman et al. (2014) opined that
“the dimension of a smart is adaptability, control, enterprise, material and construction.”
Smart cities start with smart buildings (2016) also identified seven dimensions of smart
buildings including “instrument and control, connectivity, interoperability, security and
privacy, data management, computing resources and analytics.” From extensive research
undertaken by Honeywell (2014), safe, green, comfort and productivity were considered as
dimensions and indicators of smart building. Supratman (2016) also supported with research
by including “building energy management, atomization by using Information
Communication Technology (ICT), and green building construction as the dimensions of
smart building.” Table 1 provides a summary of the smart building dimensions with the
indicators.

Table 1: Smart Building Indicator (SBTS)

Dimensions

Indicators

References

Building Control system

1. Remote implementation monitors building
conditions and occupancy.

2. Real time monitoring.

3. Implementation of any software that can talk
to legacy equipment from many different
manufactures.

Buckman et al. (2014), Frost and Sullivan
(2009), Optergy (2019), Supratman (2016)

Energy Management
System

1. Implementation of power consumption
monitoring and control.

2. Implementation of energy efficient electrical
appliance.

3. Implementation of backup energy

Frost and Sullivan (2009), Honeywell
(2014), Optergy (2019)

Building Automation
System

Sensors implementation to manage light level,
air quality, temperature, fire alarm and smoke
detector.

Buckman et al. (2014), Frost and Sullivan
(2009), Honeywell (2014), Smart cities
start with smart buildings (2016)




IT Network Connectivity

1.Wired/wireless communication Buckman et al. (2014), Peeples (2016),
2. All devices connected with multi service Supratman (2016)

communication.

3. Availability and reliability of network

Enterprise Management 1. Data management framework Buckman et al. (2014), Frost and Sullivan
System 2. System information management. (2009), Honeywell (2014)

3. Data analytic
Green Building 1. Green building architecture Buckman et al. (2014)
Construction 2. Low environmental impact

3. Resource efficiency

4. Health environment
Safety and Security 1. Implementation of detection and response to Honeywell (2014), Supratman (2016)
Management System threat.

2. Implementation of controlling access to the

facility.

3. Implementation of securing framework and
cyber security.
4. Publish safety and privacy policy.

Table 1 indicates numerous studies conducted on the indicators of smart buildings to achieve
sustainability. Garau and Pavan (2018) asserted that there is not a general consensus on what
the concept of smart building is, and at its core, the notion is premised on the networking of
human capital, social capital and information and communication technologies (ICTs). This
is seen to be supported by the level of infrastructure needed to promote sustainability
challenges which include environmental, social and economic development, and can bring
about a better quality of life (Caragliu et al., 2011; European Parliament, 2014; Vazquez et
al., 2018). According to Fleischmann and Heuser (2015) and Chourabi et al. (2012), the
transformation of an ordinary non-smart building to a smart building also entails networking
its technological components with its political and institutional components.

According to World-GBC (2017), smart building approach may vary across regions and
countries. However, research on SBTs and the indicators to achieve sustainability within the
Ghanaian is deficient. For this research study, an empirical survey is performed to identify
the significant indicators of accreditation of smart buildings that help to attain the goal of
construction sustainability in Ghana, particularly in Greater Accra and Ashanti regions.
According to the Central Intelligence Agency (2017), Accra and Kumasi represent the largest
two cities of Ghana in terms of housing, infrastructure and population. Hence, achieving
construction sustainability would have a significant impact upon national sustainable
development (Darko, 2019). This can be achieved by incorporating SBTs into housing
designs (Assari and Mahesh, 2011). Thus, it is important to help Architects and Project
Managers to better understand how and what indicators can be ensured to attain smart
building sustainability.

Research Methodology

An overarching post-positivist (cf. Al-Saeed et al., 2020; Mohamed et al., 2020) and
empirical (cf. Edwards et al., 2020) epistemological design was adopted for this research to
analyse primary quantitative data (Dixon et al., 2020). Post-positivism was achieved via the
use of perception data collated via a structured questionnaire that was rigorously analysed
using summary and inferential statistics — such being an established technique used



throughout construction management literature (cf. Owusu-Manu et al., 2018). Because the
research was grounded on the theory of ID, a deductive approach was employed to test this
existing theory.

Identification of Indicators of Smart Building

Table 1 reports upon the number of indicators for measuring smartness of buildings. After a
comprehensive review of relevant studies, 21 potential indicators for measuring smart
building were identified. These factors were well documented in previous research and
therefore, more applicable. According to Rowlinson (1988), it is more appropriate to use
well-known factors for a research study therefore, helping respondents to respond easily.

Data Collection

The study adopted a quantitative research strategy where a structured questionnaire survey
was adopted to help test the level of significance of the identified indicators in measuring
smartness of a building. According to Tan (2011), a questionnaire survey is a systematic
technique of data collection based on sample. The questionnaire was developed based on
comprehensive literature review. Prior to the questionnaire survey, a pilot test was adopted to
check the questionnaire’s level of appropriateness and rationality. For pilot testing, the
questionnaire was reviewed by selected academic and practitioner respondents to ensure that
ambiguous expressions were not contained in the survey, and that appropriate technical terms
were used. Based on the feedback, the questionnaire was finalized. In the questionnaire, the
research objective and the contact details were first presented, followed by questions meant to
gather background information of the respondents. Afterward, respondents were then
requested to assess the identified indicators on measuring smart building based on the level of
significance in measuring smartness of buildings using a five-point Likert scale (viz: ‘1 - not
significant, 2 - less significant, 3 - moderate, 4 - significant and 5 - very significant”). Before
the respondents were asked to rate the indicators, the study sought to know the level of
knowledge of the respondents on indicators of smart buildings based on the Likert scale: ‘1 -
very low, 2 - low, 3 - moderate, 4 - high and 5 - very high’.

The targeted population comprised the Project Managers of construction firms, as well as the
construction design team members including the Quantity Surveyor, Construction Manager,
Architect, Electric Engineer, Structural Engineer, Mechanical Engineer, Planner, IT
Specialist and Service Engineer. The study adopted Cochran’s formula to calculate the
sample size for the study due to the unknown population size (Cochran, 1963) within the 221
construction companies within Ghana viz:

zZxp(1-
ng = 12(2 p)
no = sample size, which needs to be estimated, z = selected critical value of desired level of
confidence or risk; 95% confidence level (the value of (1-o) in standard normal distribution
z-table, which is 1.96 for 95%), p = estimated proportion of an attribute that is present in the
population or maximum variability of the population; 50% variability of the population
(which is maximum), e = desired level of precision or margin of error; 5% margin of error.

_ (1.96)?>x0.5(1-0.5)

_ —384.16
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Consequently, the study employed a sample size of 385 construction professionals. Purposive
sampling was adopted to collect data from targeted participants who are known to possess
some qualities and experiences, as well as convenience sampling which is quick, inexpensive
and convenient. The study retrieved 50 completed hardcopy questionnaires from the
respondents, and 177 online filled questionnaires through ‘Google Form’. The total number
of questionnaires retrieved were 227, giving a response rate of 58.96%. The study, therefore,
approved the 58.96% for further analysis because Goyder (1985) cited in Mellahi and Harris
(2016) that the acceptable rate of survey responses ranges between 50% and 70%.

Data Analysis Technique
Cronbach’s Alpha Technique

According to Santos (1999), Cronbach’s Alpha coefficient checks the reliability and
consistency under the adopted scale of measurement, ranging from 0 to 1, where 1 is the
highest level of validity and reliability of quantitative inputs. Norusis (2011) asserted that the
threshold for Cronbach’s Alpha is 0.7, after which further analysis can be done. The
Cronbach’s Alpha for the scale for measuring the study’s objective was 0.978 thus indicating
that further analysis can commence using this scale.

Means Score Ranking

According to Cheung and Chan (2011), data acquired are analysed using a mean score
ranking technigue to determine the central agreement on variables. Mean score ranking has
been broadly used in rating the relevance of the variables. Hence, the mean score was
adopted to rank variables relating to the study’s objectives to determine the central trend of
the variables.

Standard Deviation

Standard deviation measures the spread of the data about the mean value (RevisionMaths,
2019). It is useful in comparing sets of data which may have the same mean but different
range and consistency. Stevens (2012) asserted that a standard deviation of less than 1.0
indicates consistency in agreement among the respondents of the reported level of response.
If a data set has a low standard deviation, the values are not spread out too much. The study
again adopted standard deviation to report on the consistency in agreement among the project
managers and the construction design teams.

One Sample T-Test

The one sample T-test compares the mean of sample data to a known value to determine
whether a population mean is significantly different from a hypothesized value (Stephanie,
2015). A one sample T-test is known to compare the mean score found in an observable
sample to some predetermined or hypothetical value. Typically, the hypothetical value is the
population mean or some other theoretical derived value. The study therefore, adopted one
sample T-test to measure the statistical significance of the mean values in relation to the
research study.

Survey Results



Prior to analysing the indicators, the study adopted frequency to determine the level of
awareness of smart building indicators and the respondents’ demographic data. According to
Research Optimus (2020), frequency in statistics is an important area that deals with the
number of occurrences.

Background Analysis of Respondents

To increase the credibility and validity of the results, the demographic profile of respondents
was recorded including their academic qualification and professional experience. This
objective enhanced understanding of the participants’ profile and increased the degree of
confidence in the data including reliability and precision.

Table 2: Background Analysis of Respondents

Variables Frequency Cumulative
Frequency
Academic Bachelor of Science (BSc) 93 93
Qualification Masters of Science/Philosophy (MSc/MPhil) 83 176
Higher National Diploma (HND) 33 209
Doctor of Philosophy (PhD) 17 226
Other 1 227
Total 227
Years of Lessthan5 years 84 84
Experience 5-10 years 92 176
11-15 years 39 215
16-20years 10 225
More 20 years 2 227
Total 227

According to Hegarty et al. (2011), academic qualification is indicative of an individual’s
knowledge acquired for professional development and ability to build critical thinking.
Therefore, an academic qualification plays a vital role of an organization resulting in success
and satisfaction (Essay Sauce, 2015). The study involved the academic qualification in order
to understanding the respondents’ thinking capability. The study involved academic
qualification consisting of, for example: Higher National Diploma (HND), Bachelor of
Science (BSc), Masters of Science/Philosophy (MPhil) and Doctor of Philosophy (PhD).
Table 2 depicts the result in relation to the academic qualification based on the responses
from the research participants viz: PhD frequency (f) = 17, MPhil f = 83, BSc f = 93 and
HND f = 33. Only 1 respondent chose other qualifications, which could mean the participant
works with some form of certificate earned in industry or academia. This range of
qualifications held illustrates that the respondents are academically inclined thus, increasing
the credibility of the information accrued and consequential results derived.

Ascertaining the respondents’ working experience is very important, as it also contributes to
the credibility of information by giving relevance to the kind and quality of information



given. According to DeRue (2009), work experience has been perceived to guarantee for both
quality and quantity in performing a specific task. Usually, a respondent’s years of
experience in an organization is necessary, as they acquire more knowledge on work.
Moreover, working experience can give an idea about the knowledge and adoption
capabilities of SBTs in organizations. Drawing a conclusion from Table 2, 92 respondents
were declared as having work experience of 5-10 years, followed by ‘less than 5 years’ f = 84
respondents; ‘11-15 years’ f = 39; “16-20 years’ f = 10; and ‘> 20 years’ f = 2. The result
depicts that the respondents have accrued reasonable experience and a plausible conclusion is
that the respondents are experienced in the construction industry and can make a decision
towards the adoption of SBTs. Also, the idea of smart building is current and therefore, its
adoption can relate to respondents with work experience below 15 years.

Level of Knowledge on the Underlying Indicators of Accreditation of Smart Building

Finn et al. (2000) described descriptive analysis as relevant facets representing a set of
measurements and accounts for a mass of quantitative information. This offers an important
foundation for examining the academic spheres on the underlying indicators to measure smart
building in Ghana. Before respondents were asked to rate the indicators, the study sought to
establish the respondents’ level of knowledge of indicators of smart buildings based on the
Likert scale: ‘1 - very low, 2 - low, 3 - moderate, 4 - high and 5 - very high’. Figure 2 shows
the level of knowledge of the respondents on the indicators of smart building in frequencies.
This graphical representation depicts that 104 respondents have a moderate level of
knowledge on indicators of smart building, 73 respondents had high, 47 respondents had low,
2 respondents had very high and 1 respondent had low level of knowledge. The study can
then deduce that the level of knowledge of participants on the indicators of smart building is
convincing. This result is consistent with Das (2012), when asserted that, the focus of
buildings has slowly shifted from just sustainable building to smart intelligent building.
Therefore, the construction industry is capable of shifting towards the smart building concept,
as well as achieving sustainability.
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Figure 2: Radar Diagram Indicating the frequency of the Level of Knowledge on
Indicators of smart building

Result of Ranking Analysis

From Table 3, the mean values or scores is > 4 (4 - significant), which means the responses
from the participants clearly shows that all the indicators discovered from the literature
review significantly measure smart building according to participants. The mean score
indicated that ‘sensors implementation to manage light level, air quality, temperature, fire
alarm and smoke detector’ was prioritized as the most used indicator to measure smart
building - even though all other indicators can measure smart building (that is, their mean
score were > 4).

In order of descending, the top 10 ranked indicators that are believed to measure smart
building or capable of measuring smart building in Ghana are: ‘sensors implementation to
manage light level, air quality, temperature, fire alarm and smoke detector’ (4.31),
‘implementation of backup energy’ (4.30), ‘implementation of energy efficient electrical
appliance’ (4.30), ‘implementation of detection and response to threat’ (4.27), ‘green building
architecture’ (4.25), ‘wired/wireless communication’ (4.25), ‘healthy environment’ (4.25),
‘implementation of controlling access to the facility’ (4.23), ‘implementation of securing
framework and cyber security’ (4.23) and ‘availability and reliability of network’ (4.22). In
overall, ‘building automation system’ was rated to be 1st (4.31) dimension in measuring
smartness of buildings whilst ‘building control system rated’ rated the least 7th (4.06).
According to Buckman et al. (2014), building automation is an important component of smart
building which includes the use of sensors to detect and response to humans. This present
study’s result concurs with Buckman et al. (2014) after revealing the building automation as
the most significant indicator for measuring smart buildings. The results indicated that all the
indicator dimensions are significant in measuring smart building, however a strong
conclusion cannot be made based on descriptive analysis alone. Therefore, inferential
analysis in the guise of a one sample T-test is adopted.

Again, the study reported the mean value of all the indicators to be < 1.0, therefore
representing small amount of variation. Steven (2012) asserted that a standard deviation of <
1.0 indicates consistency in agreement among respondents. The study therefore, indicates that
the respondents’ professional background and positions do not vary much with respect to the
understanding of smart building indicators. Lastly, the univariate skewness and kurtosis was
adopted to check the normality of data. According to Tabachnick and Fidell (2001), data is
parametric if the values of skewness and kurtosis are equal to zero. Kline (2011) asserted that
skewness is positive (high peak) when most of the values are below the mean and negative
shows just the opposite. According to Everett (2013), using cut-off point < 7 as an acceptable
value for the kurtosis and skewness to be within -2 to +2 range shows data are normally
distributed. Table 3 reveals that the absolute value of univariate skewness to range from -1.6
to 1, and that of univariate kurtosis to be < 7, thereby, depicting that the data does not unduly
deviate from the normal distribution. Hence, the sample data could be used for further

analysis.
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Table 3: Descriptive Analysis of Smart Building Indicators

Code Indicators Mean Std. Skewness Kurtosis Within Overall
Deviation Ranking Ranking
Building Control system 4.06 0.916 7
INO1 Remote  implementation  monitors  4.07 0.924 -0.922 0.442 2 20
building conditions and occupancy
INO2 Real time monitoring 411 0.860 -1.066 1.239 1 18
INO3 Implementation of any software that 4.01 0.964 -0.915 0.499 2 21
can talk to legacy equipment from
many different manufactures
Energy Management System 4.26 0.852 2
INO4 Implementation of power consumption 4.19 0.875 -1.260 1.982 3 12
monitoring and control
INO5 Implementation of energy efficient 4.30 0.861 -1.501 2.553 2 3
electrical appliance.
INO6 Implementation of backup energy 4.30 0.820 -1.343 2.147 1 2
Building Automation System 4.31 0.816 1
INO7 Sensors implementation to manage 4.31 0.816 -4.413 2.459 1 1
light level, air quality, temperature, fire
alarm and smoke detector.
IT Network Connectivity 4.22 0.851 4
INO8 Wired/wireless communication 4.25 0.821 -1.309 2.426 11 5
INO9 All devices connected with multi 4.18 0.845 -1.120 1.355 3 15
service communication.
IN10 Awvailability and reliability of network 4.22 0.886 -1.380 2.203 2 10
Enterprise Management System 4.15 0.886 6
IN11 Data management framework 4.16 0.868 -1.051 1.056 2 17
IN12 System information management 4.19 0.906 -1.402 2.282 1 14
IN13 Data analytic 4.10 0.884 -1.130 1.414 3 19
Green Building Construction 4.22 0.872 5
IN14 Green building architecture 4.25 0.879 -1.262 1.455 2 6
IN15 Low environmental impact 4.19 0.899 -1.266 1.761 4 13
IN16 Resource efficiency 4.19 0.861 -1.141 1.332 3 11
IN17 Healthy environment 4.25 0.847 -1.244 1.681 1 7
Safety and Security Management 4.23 0.853 3
System
IN18 Implementation of detection and  4.27 0.838 -1.316 1.972 1 4
response to threat
IN19 Implementation of controlling accessto  4.23 0.827 -1.216 1.811 2 8
the facility
IN20 Implementation of securing framework ~ 4.23 0.857 -1.225 1.566 3 9
and cyber security
IN21 Publish safety and privacy policy 4.18 0.891 -1.384 2.214 4 16

Statistical Significance of The Indicators on Measuring Smart Building (Using One

Sample T-Test)

A one sample t-test was again employed to check if the identified indicators are significant in
measuring smart building based on the responses from participants, and also to draw a strong
conclusion based on the result. The respondents were requested to check how the indicators
measure smart building based on significant level using the 5-point Likert scale: ‘1 - not
significant, 2 - less significant, 3 - moderate, 4 - significant and 5 - very significant’.
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At 95% confidence level with p-value of < 0.05, and a test value of 4 (4-significant), one
sample T-test was adopted to determine statistical significance of the indicators of smart
building. The study adopted 4 as the test value for one sample T-test with the reason that 4
signifies the significance level of all the indicators, and therefore, the indicators need to
measure the smart buildings significantly. The null hypothesis, HO, is that “the mean value is
statistically insignificant” whilst the alternative hypothesis, H1, is that “the mean value is
statistically significant.” This then implies that; the null hypothesis would be rejected once its
P-value is < 0.05. in using one sample T-test, it is expected that the format includes t-
statistics, the degree of freedom (df), the p-value, the mean difference and the upper and
lower limits of confidence level (Ahadzie, 2007).

From Table 4, the study had all the standard errors being closer to zero (0), which indicates
that there is a minimal variability between means of different samples therefore, samples are
likely to be accurate representation of the population (Field, 2005). The study also had all the
t-values (strength of the test) for the indicators to be positive which depicts that their means
are above the hypothesized 4.0. Most of the variables had their p-value being (significance of
the test) < 0.05 which reveals that they are statistically significant (null hypothesis rejected),
except ‘remote implementation monitors building conditions and occupancy’,
‘implementation of any software that can talk to legacy equipment from many different
manufactures’ and ‘data analytic which had the p-value > 0.05 (null hypothesis not rejected).

Table 4: One Sample T-test

One Sample T-test

Code Indicators Test Value = 4.0

t Df Sig. (2- Mean 95% Confidence Null
tailed)  Difference Interval of the Hypothesis
Differences
Lower Upper

Building Control system

INO1 Remote implementation  1.150 226 0.252 0.070 -0.05 0.19  Not rejected
monitors building conditions
and occupancy

INO2 Real time monitoring 2.007 226 0.046 0.115 0.00 0.23 Rejected

INO3 Implementation of any software 0.138 226 0.891 0.009 -0.12 0.13 Not rejected
that can talk to legacy
equipment from many different
manufactures

Energy Management System

INO4 Implementation  of  power 3.263 226 0.001 0.189 0.08 0.30 Rejected
consumption monitoring and
control

INO5 Implementation of energy 5241 226 0.000 0.300 0.19 0.41 Rejected
efficient electrical appliance.

INO6 Implementation of backup 5.584 226 0.000 0.304 0.20 0.41 Rejected
energy

Building Automation System

INO7 Sensors implementation to 5.695 226 0.000 0.308 0.20 0.42 Rejected
manage light level, air quality,
temperature, fire alarm and
smoke detector.

IT Network Connectivity

INO8 Wired/wireless communication ~ 4.529 226 0.000 0.247 0.14 0.35 Rejected
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INO9 All devices connected with 3.108 226 0.002 0.176 0.06 0.29 Rejected
multi service communication.

IN10 Auvailability and reliability of 3.819 . 226 0.000 0.225 0.11 0.34 Rejected
network
Enterprise Management
System

IN11 Data management framework 2.753 226 0.006 0.159 0.05 0.27 Rejected

IN12 System information  3.224 226 0.001 0.194 0.08 0.31 Rejected
management

IN13 Data analytic 1.727 226 0.086 0.101 -0.01 0.22  Not rejected
Green Building Construction

IN14 Green building architecture 4.303 226 0.000 0.251 0.14 0.37 Rejected

IN15 Low environmental impact 3.173 226 0.002 0.189 0.07 0.31 Rejected

IN16 Resource efficiency 3.393 226 0.001 0.194 0.08 0.31 Rejected

IN17 Healthy environment 4.388 226 0.000 0.247 0.14 0.36 Rejected
Safety and Security
Management System

IN18 Implementation of detection 4.833 226 0.000 0.269 0.16 0.38 Rejected
and response to threat

IN19 Implementation of controlling 4.253 226 0.000 0.233 0.13 0.34 Rejected
access to the facility

IN20 Implementation of securing 4.026 226 0.000 0.229 0.12 0.34 Rejected
framework and cyber security

IN21 Publish safety and privacy 3.053 226 0.003 0.181 0.06 0.30 Rejected
policy
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Discussion of Results

The study achieved its objective and indicated that ‘sensors implementation to manage light
level, air quality, temperature, fire alarm and smoke detector’ was prioritized as the most
significant indicator to measure smart building, even though all other indicators stand to
measure smart building. This result concurs with the research findings by Buckman et al.
(2014) who reveal that sensor network use is key to achieving high performance buildings,
and Indrawati et al. (2017) who proffer that sensors are a key indicator for smart building.

The study also discovered that, the top ten ranked indicators in measuring the concept of
smart building are: ‘sensors implementation to manage light level, air quality, temperature,
fire alarm and smoke detector’, ‘implementation of backup energy’, ‘implementation of
energy efficient electrical appliance’, ‘implementation of detection and response to threat’,
‘green building architecture’, ‘wired/wireless communication’, ‘healthy environment’,
‘implementation of controlling access to the facility’, ‘implementation of securing framework
and cyber security’ and ‘availability and reliability of network’. This is consistent with Balta-
Ozkan et al. (2014) when posited that smart buildings are equipped with communication
networks, linking sensors and devices that can be remotely be controlled, accessed and
monitored by providing responses to the needs of the inhabitants. Bosch-Sijtsema et al.
(2017) also revealed the key performance indicators of improving the performance of a
building by considering health and cyber security (cf. Parn and Edwards, 2019), which is
consistent to the finding of the current study on including the system of ‘implementation of
securing framework and cyber security’ and ‘healthy environment’ as part of the key
indicators for the accreditation of smart building. Hoy (2016) asserted that smart building is
an umbrella term for describing a number of different technologies that are integrated into
buildings, and this study reveals the indicators that are described as technologies needed to be
integrated into buildings. Berst (2013) suggests that to adopt complex innovations like SBTS,
the government must prioritize digital technologies/instrumentations that can capture all
relevant data and information. The study has revealed the significant characteristics that the
construction industry in Ghana and other developing country could similarly learn from this
analysis and ensuing discourse.

The study also validates the theory of ID in relation to the concept of smart building by
laying out the intelligent systems (indicators) capable of achieving the nature and complexity
of smart building (Gilder and Clement-Croome, 2010). Being able to integrate these systems
into conventional buildings is capable of lowering cost and energy usage due to the ability of
improving building performance (Hume, 2013, Indrawati et al., 2017). From Assari and
Mahesh (2011) and Darko (2019), high building performance can be achieved by
incorporating indicators of smart building into housing designs. Based on the result, a model
consisting of the significant indicators for measuring smartness of a building has been
developed to help improve the performance of buildings (Figure 3). The study discovered the
indicators for measuring smart building from a comprehensive literature review but based on
testing the statistical significance, different indicators were identified. The study revealed
statistically that, priority is not put on ‘remote implementation monitors building conditions
and occupancy’, ‘implementation of any software that can talk to legacy equipment from
many different manufactures’ and ‘data analytic’ when measuring smartness of a building.
Practically, this study can be utilised by policy makers and practitioners as ‘blueprint
guidance’ to appreciate and adopt the idea of significant smart building indicators to improve
building performance. The study has revealed the significant indicators that measure the
smartness of buildings or smart buildings to policy makers and construction practitioners in
their decision making towards achieving sustainability. To academia, the study will help
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comprehend a more lucid understanding of the smart buildings concept and its key features —
such knowledge will provide much needed polemic debate and future avenues for further
research investigation. Future work is required to transform the blueprint guidance into a
practical tool that can be readily utilised by practitioners who may not have statistical
knowledge and knowhow. At this juncture, it is envisaged that a simple software tool could
be developed using MS Excel or similar widely available software which would ensure the
widest possible adoption rate.

Conclusions

To investigate the underlying indicators in measuring smart building in the construction
industry, 21 indicators were identified from a comprehensive review of relevant literature.
Through a structured questionnaire survey with 227 responses from project managers and
construction design teams of construction companies in Ghana, the indicators for measuring
smart building were established. In attaining the objective, the study sought to check the level
of knowledge of the respondent on the indicators of smart building based on the Likert scale:
‘1 - very low, 2 - low, 3 - moderate, 4 - high and 5 - very high’. Using frequency, the result
deduced from the data analysis revealed that the general level of knowledge of smart building
indicators of participants is moderate and convincing and therefore, still needs to be
encouraged. The respondents were then requested to rank how significantly the 21 identified
indicators measure smart building based on the 5-point Likert scale: ‘1 = not significant, 2 -
less significant, 3 - moderate, 4 - significant and 5 - very significant’. The use of mean score
indicated that ‘sensors implementation to manage light level, air quality, temperature, fire
alarm and smoke detector’ was prioritized as the most indicator to measure smart building,
even though all other indicators stand to measure smart building (that is, their mean score
were > 4. Also, the use of one sample T-test for the study revealed that ‘remote
implementation monitors building conditions and occupancy’, ‘implementation of any
software that can talk to legacy equipment from many different manufactures’ and ‘data
analytic’ is not statistically significant in measuring the smartness of building. Therefore, in
conclusion, when measuring smart building indicators, priority is not put on ‘remote
implementation monitors building conditions and occupancy’, ‘implementation of any
software that can talk to legacy equipment from many different manufactures’ and ‘data
analytic’. The study’s findings revealed that the level of knowledge of smart building
indicators is averagely high in the Ghanaian construction industry. With regards to all the
indicators of smart building, ‘sensors implementation to manage light level, air quality,
temperature, fire alarm and smoke detector’ is regarded as the most significant measure of
smart buildings. Also, ‘remote implementation monitors building conditions and occupancy’,
‘implementation of any software that can talk to legacy equipment from many different
manufactures’ and ‘data analytic’ are statistically insignificant in measuring smart buildings
in Ghana. Based on the result, a model consisting of significant indicators for measuring
smartness of a building has been developed to help improve the performance of buildings in
the construction industry using one sample T-test.

The practical implication is that, to improve the performance of buildings, construction
professionals and policy makers need to take a proactive role in knowing the indicators of
smart buildings. For instance, if the significant underlying indicators for smartness of
buildings are made known to all actors in the construction industry supply chain, the
unawareness of smart technologies can be addressed, and stakeholders will be encouraged to
adopt SBTs. Also, the policy makers should promote and encourage SBTs research and
development within both the public and the private sector. As per results presented, it may be
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crucial for the construction industry to fully support and promote SBTs adoption because
they may help in improving the performances of buildings towards sustainability. Practically,
the identified significant indicators can be applied as a ‘blueprint guidance’ to measure smart
buildings in developing countries based on their level of significance as revealed by this
study. Therefore, the study provides developers and building stakeholders with a consolidated
inclusive tool for achieving efficient building performance in the construction industry.
Albeit, further work is required to generate a user friendly graphic user interface to apply the
tool’s scientific underpinning.

The study’s findings could be of great value and utility for researchers, policy makers,
industry practitioners and advocates seeking empirical quantitative evidence and explanations
vis-a-vis the significant indicators for improving the smartness and performances of building.
A clear understanding of the indicators of smartness of a building could significantly
influence the adoption of SBTs in the construction industry. The awareness of the significant
underlying indicators for measuring smartness of a building is significantly related to SBTs
adoption and therefore, can help policy makers and advocates to devise appropriate strategies
to mitigate the associated barriers; hence promoting SBTs adoption. Regards the existing
body of knowledge, the key contribution this study makes is by identifying the significant
indicators measuring the smartness of buildings which further influence SBTs adoption in the
construction industry. The study makes clear the significant attributes that needs to be
incorporated into buildings to help achieve the smart building concept in the construction
industry, thereby improving buildings’ performance. Also, the identified significant
indicators make the added value of building smartness more tangible for building users,
owners, tenants and service providers. Specifically, the identified indicators provide
information on the technological readiness of buildings to interact with their occupants and
the energy grid. Similarly, the study demonstrates the building’s capabilities for more
efficient operation and better performance through technologies.

Although the objective was achieved in establishing the significant indicators for measuring
smart building, the study still has some limitations that are worth mentioning. These
limitations not only warrant future studies but must be considered in the result interpretation
and generalization. First, the findings are geographically limited to Ghana vis-a-vis other
developing countries. Nevertheless, this does not limit the generalizability of the study, since
it can be used as a lesson to other developing countries. Also, the analysis and conclusion of
this study were based on data collated from participants by means of the data collection tool
(questionnaire) via only quantitative research strategy. Only 21 indicators were carefully
reviewed, refined and selected to measure the smartness of a building therefore, liable of
imposing limitation to the study but does not limit the generalizability of the result. The
findings and implications of this study may be useful to policy makers, practitioners,
stakeholders and advocates in other, especially developing countries around the world. The
results may also be useful to foreign and international organizations interested in
understanding and adopting SBTs within Ghana. Based on the findings, practitioners, policy
makers and advocates may devise an effective implementation strategy that could help
promote SBTs adoption in the construction industry in other, especially developing countries
around the world. It is necessary to consider the future studies regarding the adoption of
SBTs because adoption activities become more matured. While this study reports on the
indicators for measuring smart building, the future should evaluate the awareness level of
SBTs by construction professionals. The study recommends that, future study could also
analyse the difference and similarities between the SBTs adoption barriers in Ghana and
many more developed/developing countries.
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