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Abstract
Purpose – Through its advanced computational capabilities, cyber–physical systems (CPS) proffer
solutions to some of the cultural challenges plaguing the effective delivery of facilities management (FM)
mandates. This study aims to explore the drivers for the uptake of CPS for FM functions using a qualitative
approach – the Delphi technique.
Design/methodology/approach – Using the Delphi technique, the study selected experts through a well-
defined process entailing a pre-determined set of criteria. The experts gave their opinions in two iterations which
were subjected to statistical analyses such as the measure of central tendency and interquartile deviation in
ascertaining consensus among the experts and the Mann–Whitney U test in establishing if there is a difference in
the opinions given by the experts.
Findings – The study’s findings show that six of the identified drivers of the uptake of CPS for FM were
attributed to be of very high significance, while 12 were of high significance. Furthermore, it was revealed that
there is no significant statistical difference in the opinions given by experts in professional practice and academia.
Practical implications – The study’s outcome provides the requisite insight into the propelling measures for
the uptake of CPS for FMby organisations and, by extension, aiding digital transformation for effective FMdelivery.
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Originality/value – To the best of the authors’ knowledge, evidence from the literature suggests that no
study has showcased the drivers of the incorporation of CPS for FM. Hence, this study fills this gap in
knowledge by unravelling the significant propelling measures of the integration of CPS for FM functions.

Keywords Cyber–physical systems, Delphi study, Digitalisation, Drivers, Facilities management

Paper type Research paper

Introduction
Facilities management (FM) incorporates processes in an organisation to develop and maintain
agreed services that aid and upscale the efficiency of the organisation’s main activities (British
Institute of Facilities Management [BIFM], 2019). Also, it is a process that enables the delivery
of a sustainable enterprise within the ambits of managing an organisation’s lifecycle with the
aim of improvement in productivity and business support (Kamarazaly et al., 2013). FM is
attributed to the strategic assignment for the purpose of attaining a balance in business
concerns, service management and technical processes (Jawdeh, 2013). The aforementioned
description of FM portrays it as a vital strategic element in accomplishing the core objectives of
any organisation. This is so due to its functions in the lifecycle of any business concern, which
reflects a tactical value associated with delivery systems and assessment of facility utilisation.
Hence, it can be noted that FM spans a wide spectrum of service solutions, including
sustainability, maintenance, productivity, hospitality and safety (Kok et al., 2011).

Inefficiencies and inadequacies hamper the delivery of FM tasks due to obsolete methods
and systems, thereby negatively impacting performance (Atkin and Bildsten, 2017; Hoxha
et al., 2021; Ikuabe et al., 2022). These problems bedevilling FM functions have a retarding
ripple effect in attaining an organisation’s objectives (Ikuabe et al., 2023). Some of the attendant
challenges include delays in covering the history of facility maintenance, poor collection of
facility data, extension in processing time, abysmal quality control, non-conformance to
standards, etc. (Aldowayan et al., 2020; Ikuabe et al., 2020a; Nidhi and Ali, 2020; Njuangang
et al., 2018). Furthermore, a major setback to the effective delivery of FM functions is not
adhering to the transition of the espousal of innovative technologies (Aghimien et al., 2022;
Hudson, 2004; Ikuabe et al., 2020b). With the superfluity of hurdles confronting the delivery of
FM duties, it is imperative that innovative and modern systems, such as digital technologies,
should be integrated into FM frameworks. The building industry is mandated to infuse
systems resulting from innovative technologies to achieve longevity in building operation
success and functionalities (Aghimien et al., 2021; Islam et al., 2019). Hence, deploying
innovative systems is vital to proffer solutions to some of the challenges confronting the
delivery of FM duties. New innovative systems would provide better outcomes in the light of
optimised delivery, quick execution of tasks, efficient cost management and quality delivery
system. One new innovative systemwith these attributes is cyber–physical systems (CPS).

CPS are computing systems whose functional ability is premised on the integration of
advanced capabilities of computational structure and physical processes (Akanmu et al., 2013;
Ikuabe et al., 2020c; Yuan et al., 2016). Also, it is a complex, multidisciplinary, physically-alert
upscaled engineering system whose operability is vested in the fusion of the physical structure
and computing technology embedded for transformative systems utilisation. The system
presents a scenario for resolving problems in real-time by providing an interrelationship with
several technologies, such as wireless sensor networks, dispersed systems, real-time systems
and control systems (Fitzgerald et al., 2015; Lee, 2015). For engaging in FM tasks, CPS presents
a framework that aids the coordination and monitoring of the elements of a facility enabled by
real-time functions due to the synergized working ability between the physical facility and the
virtual component (Akanmu and Anumba, 2015; Terreno et al., 2020). As earlier stated, FM is
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multidisciplinary and transdisciplinary, whose deliverability is significantly influenced by
human coordination, which is susceptible to managerial dysfunctions. Hence, incorporating
CPS into FM tasks would help forestall some of these ostensible challenges.

Based on the outlined challenges faced in the delivery of efficient FM mandates and the
potential benefits presented from the uptake of innovative technology such as CPS, this study is
geared towards assessing the significant drivers for the espousal of the system for FM functions.
The outcome of the study intends to fill the knowledge gap as, to the best of the authors’
knowledge, no study has focused on the enabling measures for the incorporation of CPS for FM
duties. Also, the study’s findings would present a solid theoretical base for future studies on
including digital technologies to deliver FM functions effectively. The follow-up sections of the
paper include a review of extant literature, the methodological section, the outcome of the Delphi
survey conducted, discussion offindings and conclusion and recommendations.

Drivers of the uptake of cyber–physical systems for facilities management
The delivery of FM functions is posed by a wide range of challenges, some of which includes
the rise in the cost of energy, delay in detecting breakdown of building systems,
mismanagement of facility space, irregular maintenance records and dissatisfaction of building
occupants (Han et al., 2012; Ikuabe et al., 2023). A range of FM systems is attributed to passive
guidelines, which are pre-programmed, whereas they need to be framed to accommodate
complicated, changing and flexible scenarios comprehensively. In proffering solutions to some
of these FM problems, systems have been proposed that would help the effective and efficient
capture and assessment of the collective delivery of FM tasks to the benefit of the organisation.
Terreno et al. (2020) affirmed that the uptake of innovative systems for coordinating and
monitoring FM processes could help upscale its delivery mandate. A CPS approach for the
delivery of FM tasks would improve the monitoring and coordination of the facility’s elements
by using real-time functionalities resulting from the fusion of physical and virtual platforms
driven by networks and technologies (Akanmu and Anumba, 2015). The acquired data by the
sensor technology covers detecting facility breakdown, monitoring energy use, reporting on
potential system failure, safety surveillance and spacemanagement, etc. Also, a CPS-driven FM
promulgates elements of facilities for conducting cognitive functions, hence, facilitating the
recognition of the physical scenario enabled by a high level of intelligence (Wu et al., 2014).

The conversation of resource allocation by organisations is important due to the
significant implications of the choices made on resources reflecting on the growth or
survival of the business concern. Due to the ever-increasing competition in the business
environment, organisations make strategic decisions on what is best to invest in to help
elevate their market capacity (Erdo�gmus� and Esen, 2011). The need for an improvement in a
system’s efficiency and the increased level of consumer demands will propel the economic
competition geared towards creating innovative approaches and technologies (Jahromi and
Kundur, 2020). Also, the increasing competitiveness of the business landscape and the rapid
accessibility of cost-effective sensing and other technological infrastructure is a major
incentives for the uptake of emerging digital technologies (Lee et al., 2005). Furthermore, the
call for the improvement in the reliability of delivery of any mandate through the uptake of
innovative technology is a motivating factor for using CPS for FM. This is attained through
the high levels of connectivity facilitated by the seamless human-machine interaction
(Parasuraman and Colby, 2014). Moreover, the learning capability of personnel plays a vital
role in the drive to infuse innovative systems for service delivery (Serdyukov, 2017). This is
vital as the human dimension in setting up the system to use and the subsequent
management andmaking sense of the data and other dimensions are important.
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Hakansson et al. (2015) noted that the concept of using CPS is being pushed by several
factors, including the revolution experienced in wireless communication, the high-end increased
capacity of low-cost sensors and the proliferation of internet bandwidth, among others. All
these speak to the technological infrastructure necessitated for the application and use of any
innovative technology. Howard et al. (2017) stated that the espousal of digital technologies is
expedited by providing the requisite infrastructure for the setup and application of the system.
Also, an important measure is a willingness by the top management of the organisation to key
into the realities of the uptake of such a system for the improvement of service delivery. As an
organisational structure is made up of responsibilities and roles that are put in place to aid in
the accomplishment of objectives (Agbim, 2013), the top management hierarchy, which is
saddled with the responsibility of taking very significant roles, plays a key role in the
determination of choice to use digital technologies for service delivery of the organisation.
While the intellectual resource to be provided for the use and management of the innovation
seeks to ensure that the system is continuously put to best use, thereby playing a significant
role in the uptake (Talukder and Quazi, 2011). Also, system security plays a significant role in
the choice of the espousal of innovative technologies. Tomlinson et al. (2022) stated that the
provision of a root of trust, implementation of cryptographic algorithms and guarding against
physical attacks by secure hardware is a prominent element in the pursuit of the application of
digital technologies for service delivery.

The role of market demands as a driver for the espousal of innovative systems such as CPS
must be considered. Hastings and Sethumadhavan (2020) outlined that because organisations
need more knowledge in considering a business model for securing the uptake of innovative
systems, a framework to help establish the potential derivatives from these innovations would
help propagate the need for their uptake by organisations. This is very true with adopting CPS
for FM as most organisations need the requisite know-how of the deliverables of using the
system. Similarly, Potter (2020, p.4) stated that “key stakeholders are placing increased pressure
on companies to demonstrate with evidence how they invest in and use security technology to
protect digital assets”. Furthermore, the training and support provided to facilities managers to
help bolster their technical competence in using digital technologies can boost the utilisation of
these systems. Odumeru (2013) affirmed that providing the requisite knowledge to the handlers
and users of digital technologies helps improve the call for the application of these high-end
systems. Ideally, without being equipped with the knowledge of the application of these
systems, end users would form a stumbling block towards the acceptance of the system.

Due to the demands of FM in the continuous updating of the working conditions of
elements of the facility, there is constant pressure on the operational and service delivery
of the system (Palem, 2013). The use of CPS for FM functions can aid the advancement of
financial and predictive strategies, which is an improvement from conventional FM
systems. Odumeru (2013) stated that when comparative advantage is guaranteed from the
utilisation of an innovative system as against the traditional mode of service delivery, it
helps propagate the need for the espousal for the system. The application of CPS in the
delivery of FM mandates presents considerable effective management abilities as the high
computational deliverability of the system can aid in abating total failure in the elements of
the facility. Furthermore, the interoperability and data integration between the innovative
system and the elements of the facility helps proliferate the utilisation of digital technologies
such as CPS in the delivery of FM tasks. According to Shen et al. (2016), in complex facilities,
it is important that an elemental-level assessment is conducted as against a whole
assessment of the facility. Hence, the integration of data at an aggregate scale for facility
analysis would be vital in driving the application of innovative technologies such as CPS.
Table 1 summarises the drivers of the espousal of CPS for FM.
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Research methodology
The aim of the study is to assess the driving factors of the uptake of CPS for FM using a
Delphi approach. A constructive perspective was the philosophical view used for the study
due to its qualitative nature. This approach presents the formulation of a worldview with
peculiar knowledge and understanding conceptualised from experiences and a review of
these experiences (Adom et al., 2016; Mahamadu et al., 2019). According to Chan et al. (2001)
and Grisham (2008), the Delphi method is a type of qualitative methodological approach
whose application is aimed at attaining a consensus among a group of experts forming a
panel on a particular subject of interest. Moreover, the method is recommended to advance
models, frameworks and research concepts. Several studies in the construction, built
environment, FM and engineering sphere have used the Delphi method as an approach to
research methodology (Aghimien et al., 2020; Ikuabe et al., 2023; Tengan and Aigbavboa,
2018). For this study, a Delphi technique is used to validate the drivers of adopting CPS for
FM using the opinions provided by a panel of experts. This was actualised after a sequence
of rounds in projecting the culmination of the views presented by the experts, which outlines
a convergence of opinions of the panel of experts (Aigbavboa, 2013). Figure 1 outlines the
framework of the Delphi study engaged for this research.

Selection of Delphi experts
The selection of the experts to make up the panel of the Delphi study is the aftermath of the
establishment of the objectives of the research. The selection of the experts making up a
Delphi panel is one pronounced area of unclarity in the Delphi process (Armstrong et al.,
2005; Rowe and Wright, 1999). In the current study, a well-defined process that established
the yardstick that aided the selection of the experts to make up the panel of the Delphi study
was put in place. Past studies have conformed with adopting a systematic process in
selecting panel members for a Delphi study (Chan et al., 2001; Ikuabe et al., 2023). However,
other studies have opted for a more relaxed and flexible process in selecting panel experts,
albeit defining the selection criteria (Somiah et al., 2020; Hallowell and Gambatese, 2010).

Table 1.
Drivers of the uptake

of CPS for FM

Drivers Authors

Compatibility with work procedures Jaafar et al. (2007)
Compatibility with previous system Jaafar et al. (2007)
Speed and reliability of system Gupta et al. (2008)
Comparison with previous system Odumeru (2013)
Training and support Odumeru (2013), Serdyukov (2017)
Flexibility of learning Parasuraman and Colby (2014), Serdyukov (2017)
Learning capability of personnel Froese (2010), Serdyukov (2017)
Convenience Merschbrock and Nordahl-Rolfsen (2016)
Interactivness Jaafar et al. (2007)
Technology infrastructure Howard et al. (2017)
Resource allocation Erdo�gmus� and Esen (2011)
User satisfaction Parasuraman and Colby (2014)
System security Watson (2018), Parn and Edwards (2019)
System stability Jaafar et al. (2007)
Top management willingness Lee et al. (2015), Oliveira et al. (2014)
Financial resource Erdo�gmus� and Esen (2011)
Intellectual resource Talukder and Quazi (2011)

Source:Author’s compilation
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In the current study, the selected approach assesses the stipulated predetermined criteria in
collaboration with the demographic details of the potential panel expert, with the
affirmation of the attainment of 50% of the outlined criteria. This view of panel member
selection aligns with previous studies (Aghimien et al., 2020; Ikuabe et al., 2023). The
stipulated requirements for this study are the possession of a minimum academic
qualification of a bachelor’s degree in FM, engineering, construction or architecture (Evans
and Farrell, 2021); the possession of a minimum of professional experience in the
aforementioned professional domains (Aghimien et al., 2020); a well-established knowledge
in the use of digital technologies for FM or construction management (Ikuabe et al., 2023);
and a current employee of FM or construction establishment or having membership of the
faculty of a university (Chan et al., 2001).

Past studies have shown that there is no convergence in opinions on the sample size for a
Delphi study (Williams andWebb, 1994; Ameyaw et al., 2016). Hence, this study conducted a
recruitment process for the panel experts by sending out an invitation to 32 potential panel
members using email as the contact mode. The initial invite to partake in the Delphi process
entailed a comprehensive explanation of the idea behind a Delphi technique, a well-detailed
outlay of the process involved and the study’s objective. A total of 32 potential panellists
were sent invites, while 18 showed interest in partaking in the Delphi study. Consequently,
the Delphi questionnaire was sent to these 18 experts to serve as the first round of the Delphi

Figure 1.
Framework for the
Delphi study

Identification of Drivers

Selection of Experts

Formulation of Questionnaire for Round One

Round One Completion 

Analysis of Round One Questionnaire

Formulation of Questionnaire for Round Two

Analysis of Round Two Questionnaire 

Consensus Reached?

Production of Report

Repeat process till 
Consensus is 

achieved

Source: Adapted from Aigbavboa (2013)
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process. At the end of the round of the Delphi process, only 11 experts returned their
questionnaire, which was appropriately completed. These 11 panellists also engaged in the
entire process of the Delphi study by engaging in all the rounds of the study. A
representation of the background information of the experts making up the Delphi panel is
presented in Table 2.

Delphi iterations
Past studies have shown that there is a convergence of opinion on the number of rounds
required for conducting a Delphi study (Critcher and Gladstone, 1998; Aigbavboa, 2013).
Nevertheless, for most studies in the field of FM, engineering, architecture and construction,
a consensus is usually met in two or three iterations or rounds (Ameyaw et al., 2016; Ikuabe
et al., 2023). Two rounds were conducted for the current before consensus was achieved.
Either round was engaged for one month, which provided ample time for the panellists to
make quality contributions to the Delphi study. The research instrument for the first round
was propounded by the outcome of the review of relevant literature on the subject under
focus, while that of the second round was formulated on the opinions provided in the first
round by the experts. Therefore, the Delphi questionnaire of the second round was an output
of the brainstorming engagement from the panellists from the initial round. In the first
round of the Delphi process, the questionnaire was comprised of open-ended questions,
which availed the experts to proffer suggestions and ideas that were not initially captured
by the research instrument. Therefore, this culminated in the formation of the questionnaire
for the second round of the Delphi process. In each round, the experts’ opinions were

Table 2.
Background

information of
experts

Demographic designation No. of experts Percentage

Academic qualification
Bachelor’s degree 4 36.36
Master’s degree 3 27.28
Doctor of philosophy 4 36.36
Total 11 100.00

Area of specialisation
FM 4 36.36
Construction management 4 36.36
Building construction 2 18.19
Information technology 1 9.09
Total 11 100.00

Years of experience
1–5 years 1 9.09
6–10 years 3 27.28
11–15 years 5 45.45
16–20 years 1 9.09
Over 20 years 1 9.09
Total 11 100.00

Employment agency
Consultancy 3 27.27
Contractor 3 27.27
Government 5 45.46
Total 11 100.00

Source:Author’s compilation

Delphi study

263



analysed to ascertain the consensus range in their responses. The second round entailed
providing the experts with a closed-ended questionnaire, which presented the opportunity
for the panellists to rate the analysis’s outcome from the Delphi study’s first round.
Thereafter, the retrieved responses from the second round were also analysed to ascertain
whether consensus was achieved on the reviewed issues.

Achieving consensus
The attainment of consensus from opinions provided on a subject matter is a tough task. No
generally outlined rule stipulates how consensus can be achieved in a Delphi study. Holey
et al. (2007) and Chan et al. (2001) noted that as consensus is the same as agreement, it is
achieved through the communal protrusion of discernments, aligning with the subjective
perception of central tendency or agreement of the views provided by the panellists in the
rounds making up the Delphi study. Previous studies have used several statistical
techniques in determining the consensus of a Delphi process. Rayens and Hahn (2000) used
the mean item score and standard deviation, which stipulated that a decreasing return of the
standard deviation in progressive rounds amounted to a high likelihood of consensus. Also,
McKenna (1994) affirmed the consensus of a Delphi process using frequency distribution
using a criterion of 51%. Similarly, other studies have deployed techniques such as inter-
quartile deviation (IQD) in establishing a consensus of a Delphi study (Aigbavboa, 2013;
Somiah et al., 2020; Ikuabe et al., 2023). In this study, the combined use of IQD, mean item
score and standard deviation was used for the determination of consensus in the ensuing
rounds of the Delphi study. The IQD entails producing the absolute difference between the
75th and 25th percentiles. A percentile represents a value of a test that is not referenced.
Within the bandwidth of any formation, there is the 25th percentile, referred to as the first
percentile (Q1), the 50th percentile, referred to as the second percentile (Q2), also known as
the median; and the 75th percentile, referred to as the third percentile (Q3). According to
Aigbavboa (2013), an IQD with a small value indicates a high extent of consensus, while an
IQD with a high value indicates a low extent of consensus. The scales for determining
consensus for the current study are outlined in Table 3. It indicates that a strong consensus
is achieved when the resulting median is within the range of 9–10, while the mean has a
resulting value of 8–10, and the IQD has a value# 1.

Determining reliability and validity of the Delphi process
A Delphi process’s reliable output can be guaranteed by ascertaining the validity and
reliability of the data set for the study. However, resolving a reliable and valid Delphi
process is a significant challenge for any Delphi study (Ameyaw et al., 2016). “Reliability is
the extent to which a procedure produces similar results under constant conditions at all
times” (Els and Delarey, 2006 p. 52). Because Delphi studies are classified as a qualitative
method of research, it then becomes difficult to establish the reliability and validity of the
process as the results are hinged on intuitive reflection of the panellists’ knowledge and

Table 3.
Scale for consensus
categorisation

Status of consensus Median Mean Interquartile deviation (IQD)

Weak consensus # 6.99 # 5.99 � 2.1# 3 and# 59% (5.99)
Good consensus 7–8.99 6–7.99 � 1.1# 2 and� 60%# 79% (6–7.99)
Strong consensus 9–10 8–10 # 1 and� 80% (8–10)

Source:Author’s compilation
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perception of the subject under focus (Creswell, 2009; Aigbavboa, 2013). Nonetheless, the
challenge can be overcome through a well-defined and detailed description of the process to
the potential panellists and by presenting a simple understanding of the objective of the
process (Yousuf, 2007). Against this backdrop, this study clearly explained the study’s
intent to experts making up the panel for the Delphi process. This was achieved through a
detailed presentation of the identified drivers of the incorporation of CPS for FM. Moreover,
a detailed guide on completing the Delphi questionnaire was shown to the experts of the
Delphi study. According to Aigbavboa (2013), the expert selection process of a Delphi study
also serves as a validity check for a Delphi study. Therefore, conscientious efforts were
devoted to the process of expert selection for the Delphi study while also ensuring the
suitability for the purpose of the study.

Findings
Delphi round one result
The initial round of the Delphi study gathered responses from the experts making up the
panel on the drivers of the uptake of CPS for FM. There was a window for the inclusion of
measures not captured in the survey by the experts. The study used a ten-point Likert scale
having a coverage between very low significance to very high significance. The result of the
first round of the Delphi study is presented in Table 4; it shows the findings of the mean,
median, standard deviation, IQD and Mann–Whitney U test conducted. In trying to establish
if there is a convergence in the opinions provided by the experts based on their affiliation
with respect to professional practice and academic institutions, the Mann–Whitney U test
was used. According to Pallant (2005), a measure with a divergence in views from the
respondents will have a p-value# 0.05, while a measure with convergence in views from the
respondents will have a p-value> 0.05. The findings of the study show that all the identified

Table 4.
Delphi round 1

results

Drivers Median Mean SD IQD
Mann–Whitney
Z p-value

Compatibility with work procedures 7 8.66 1.09 1.00 �1.556 0.072
Compatibility with previous system 6 7.32 0.67 2.00 �0.237 0.232
Speed and reliability of system 7 8.38 0.43 1.50 �0.736 0.421
Comparison with previous system 6 7.87 1.38 0.50 �1.333 0.339
Training and support 7 8.11 0.84 1.50 �1.728 0.521
System’s learning flexibility 6 7.22 0.22 2.00 �0.493 0.293
Learning capability of personnel 8 7.24 0.39 1.50 �0.335 0.717
Convenience of the system’s use 7 8.84 1.05 1.50 �0.781 0.062
Interactiveness of the system 7 7.28 0.63 2.00 �1.253 0.374
Technology infrastructure 8 8.19 0.72 1.50 �0.397 0.552
Resource for procurement of system 6 7.28 0.18 1.00 �1.736 0.621
User satisfaction 7 7.99 0.95 1.50 �1.293 0.488
System security 8 8.01 0.42 2.00 �0.648 0.087
System stability 7 7.84 0.77 1.50 �1.275 0.783
Top management willingness 6 8.41 0.34 1.50 �0.382 0.392
Maintenance costing 8 8.07 1.24 1.50 �1.224 0.071
Financial resource 8 7.92 0.27 0.50 �1.002 0.437
Intellectual resource 6 6.87 1.83 1.00 �1.638 0.561
Cronbach alpha 0.779

Notes: SD = standard deviation; IQD = interquartile deviation
Source:Author’s compilation
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drivers have a p-value> 0.05, therefore indicating that there is no statistically significant
difference in the responses provided by the two groups of respondents. Furthermore, the
validity and reliability of the research instrument were ascertained with the use of the
Cronbach Alpha test; this gave a value of 0.779, which portrays a commendable validity and
reliability of the research instrument for the Delphi study as the value tends towards 1.00
(George and Mallery, 2000). Moreover, in the first round of the Delphi study, there was no
formidable consensus attained among the identified drivers; the result of the IQD obtained
from the findings shows theywere within the range of 1.00 and 2.00.

Delphi round two result
Table 5 presents the findings of the second round of the Delphi study involving the experts
that participated in the first round of the process. The results indicate that the validity and
reliability of the research instrument at this round is given as 0.827 gotten with the
Cronbach alpha test. The result of the Mann–Whitney U test shows no significant difference
in the views provided by the two groups of respondents based on their affiliation, i.e.
professional practice and academic institutions. Furthermore, the results show that
the experts considered six of the drivers to be of very high significance (VHS: 9.00–10.00).
These are speed and reliability of system (Mean ¼ 9.45; IQD ¼ 1.00); technology
infrastructure (Mean ¼ 9.00; IQD ¼ 0.50); user satisfaction (Mean ¼ 9.27; IQD ¼ 0.50);
system security (Mean ¼ 9.22; IQD ¼ 1.00); system stability (Mean ¼ 9.29; IQD ¼ 1.00);
and financial resource (Mean ¼ 9.36; IQD ¼ 0.00). Furthermore, 12 of the drivers were
shown to be of high significance (HS: 7.99–8.00). These are compatibility with work
procedures (Mean ¼ 9.00; IQD ¼ 0.00); compatibility with previous system (Mean ¼ 8.55;
IQD ¼ 1.00); comparison with previous system (Mean ¼ 8.82; IQD ¼ 0.00); training
and support (Mean ¼ 9.18; IQD ¼ 0.50); system’s learning flexibility (Mean ¼ 8.73;

Table 5.
Delphi round 2
results

Drivers Median Mean SD IQD
Mann–Whitney
Z p-value

Compatibility with work procedures 8 9.00 0.54 0.00 �1.283 0.472
Compatibility with previous system 8 8.55 1.13 1.00 �1.694 0.339
Speed and reliability of system 9 9.45 0.52 1.00 �1.003 0.061
Comparison with previous system 8 8.82 1.08 0.00 �1.841 0.519
Training and support 8 9.18 0.60 0.50 �0.329 0.394
System’s learning flexibility 7 8.73 0.90 1.00 �0.721 0.078
Learning capability of personnel 8 9.09 0.70 0.50 �0.692 0.617
Convenience of the system’s use 8 9.00 1.10 1.00 �0.429 0.069
Interactiveness of the system 8 8.82 0.98 1.00 �1.558 0.722
Technology infrastructure 9 9.00 0.98 0.50 �0.371 0.271
Resource for procurement of system 8 9.18 0.40 0.00 �0.227 0.119
User satisfaction 9 9.27 0.47 0.50 �1.642 0.231
System security 9 9.22 0.65 1.00 �0.937 0.428
System stability 9 9.29 0.65 1.00 �0.388 0.339
Top management willingness 8 9.09 0.83 0.50 �1.749 0.173
Maintenance costing 8 9.00 0.92 0.00 �0.492 0.082
Financial resource 9 9.36 0.67 0.00 �1.227 0.739
Intellectual resource 8 8.64 0.92 0.00 �0.933 0.293
Cronbach alpha 0.827

Notes: SD = standard deviation; IQD = interquartile deviation
Source:Author’s compilation
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IQD ¼ 1.00); learning capability of personnel (Mean ¼ 9.09; IQD ¼ 0.50); convenience of
the system’s use (Mean ¼ 9.00; IQD ¼ 1.00); interactiveness of the system (Mean ¼ 8.82;
IQD ¼ 1.00); resource for procurement of system (Mean ¼ 9.18; IQD ¼ 0.00); top
management willingness (Mean ¼ 9.09; IQD ¼ 0.50); maintenance costing (Mean ¼ 9.00;
IQD ¼ 0.00); and intellectual resource (Mean ¼ 8.64; IQD ¼ 0.00). Also, the findings
showed that none of the drivers identified for the study was of no significance in the
espousal of CPS for FM. Given the scale provided in Table 3, all the drivers achieved
consensus based on the opinions that the experts provided for the Delphi study. Also, the
validity and reliability test conducted for the research instrument yielded an alpha value of
0.827, which portrayed good reliability.

Discussion of findings
The study’s objective was to evaluate the drivers of the espousal of CPS for FM. A Delphi
approach was used for the study, and the result from the process showed that six of the
identified drivers were of very high significance, while 12 were of high significance.
Furthermore, a consensus was attained regarding the opinions provided by the panellists on
the identified drivers. The financial capability of any organisation serves as a bedrock for
inculcating technological systems and innovations for its process deliveries and activities.
Findings from this study highlight that an organisation’s resource allocation outlay is a
major influencing factor for adopting CPS for FM. The financial capability is of great
importance to technology adoption as the entire chain of purchase, installation, usage, to
maintenance is firmly placed on the financial strength of the organisation in engaging in
these activities (Erdo�gmus� and Esen, 2011). This finding opens a new chapter of thoughts
in the light of stating that it is not enough for the organisation’s willingness to pull through
the adoption of technological innovations such as CPS; also, the financial capacity of the
organisation is a huge determining factor. Also, findings showed that the willingness of
the top management hierarchy of the organisation has a huge stake in deploying innovative
systems and procedures. The top management of any organisation must be adequately
informed of the benefits and advantages of using digital platforms for process deliveries
(Walter, 2006; Lee et al., 2005; Oliveira et al., 2014). The top management of the organisation
determines the strategic decisions to ensure that an organisation is well placed in the
business environment by seeking to attain a competitive advantage over competitors.
Hence, the top management board must be acquainted with up-to-date digital and
technological dimensions that pertain to the field of concern. Similarly, Davis and Songer
(2008) opined that without the conviction and support of the top management hierarchy of
any organisation, the espousal of innovative technologies could be hindered. Moreover,
system stability appeared to significantly influence the decision to adopt CPS for FM. This
is corroborated by Lin et al. (2007), who stated that the ability of innovative technology to
prove its stability in delivering optimised outcomes is a significant contributing factor in its
espousal. Hence, the system’s delivery attributes must be aligned with the core features of
stability during task engagements. Moreover, the importance of intellectual resources at
the disposal of the organisation for the implementation of new technology cannot be
overemphasised, as the human resource for the management of the technology is
fundamental (Talukder and Quazi, 2011). Furthermore, the call for the improvement in the
reliability of delivery of any mandate through the uptake of innovative technology is a
motivating factor for using CPS for FM. This is attained through the high levels of
connectivity facilitated by the seamless human-machine interaction (Parasuraman and
Colby, 2014). Moreover, the learning capability of personnel plays a vital role in the drive to
infuse innovative systems for service delivery (Serdyukov, 2017). This is vital as the human
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dimension in setting up the system to use and the subsequent management and making
sense of the data and other dimensions are important.

Conclusion and recommendations
The study used a Delphi approach to assessing the enabling measures for adopting CPS for
FM. A thorough review of extant literature yielded eighteen drivers and was subsequently
presented to the experts making up the Delphi panel for their opinions. The Delphi study
entailed two iterations which were attributed to the attainment of consensus on the drivers in
the second round of the process. Results from the study showed that the drivers that were
deemed to be of very high significance are speed and reliability of the system, technology
infrastructure, user satisfaction, system security, system stability and financial resource. Based
on the findings of this study, it is important to note that the advancement of digital
technologies, such as CPS, is driven by quite several factors, which includes the financial
resource at the disposal of the organisation. Also, the cost input for the utilisation, management
and maintenance of the technology is important. Furthermore, the infrastructure needed to use
the innovative technology is a significant determinant of the use of the system. As all
technologies can only thrive with the provision of the requisite infrastructure, it becomes
imperative that the infrastructure needs for its implementation be addressed. Moreover, a
guarantee of improving the functionalities of task or function deliveries for FM by using CPS is
a significant enabling measure, as revealed by the study’s findings. Due to the cutting-edge
computational capabilities provided by the use of CPS, the delivery of FM mandates is
guaranteed with high system security, speed and reliability and system stability.

The outcome of this study contributes to the body of knowledge as it showcases the
significant measures for the uptake of CPS for the delivery of FM functions. The peculiarity of
CPS as an advanced computational system and also an emerging technology in engaging FM
tasks are gradually receiving scholarly attention. However, studies have yet to attempt to
unravel the drivers for the use of innovative technology for FM use. Consequently, the findings
from this study fill a knowledge gap. It also provides practical insights to organisations on the
enabling measures that would aid in propelling the espousal CPS for the engagement of FM
tasks. With these findings, organisations can make informed decisions on the need to overhaul
their systems or modes of engaging FM functions by using digital technologies such as CPS.
Moreover, the study’s findings serve as a good theoretical base for further studies on the
conversation for digital transformation in the construction, engineering and FM industry.

One important area of the study that needs to be clarified is the limitation of the study.
As a peculiar attribute in most Delphi studies, not all experts invited for the Delphi study
indicated an interest in participating in the process. If all invited experts had participated in
the process, the outcome might have taken a different outlook. Furthermore, the findings
from this study can be validated using other methodologies, such as quantitative and mixed
methods. Moreover, the current study was conducted in one province of South Africa.
Future studies can be carried out in other provinces of the country, as this might project a
different outlook or help in giving broader insights into the findings of the current study.

References
Adom, D., Yeboah, A. and Ankrah, A. (2016), “Constructivism philosophical paradigm: implication for

research, teaching and learning”, Global Journal of Arts Humanities and Social Sciences, Vol. 4 No. 10,
pp. 1-9.

Agbim, K.C. (2013), “The impact of organizational structure and leadership styles on innovation IOSR”,
Journal of Business andManagement, Vol. 6 No. 6, pp. 56-63.

CI
24,7

268



Aghimien, D.O., Aigbavboa, C.O. and Oke, A.E. (2020), “Critical success factors for digital partnering of
construction organisations – a Delphi study”, Engineering, Construction and Architectural
Management, Vol. 27 No. 10, pp. 3171-3188, doi: 10.1108/ECAM-11-2019-0602.

Aghimien, D.O., Aigbavboa, C.O., Meno, T. and Ikuabe, M.O. (2021), “Unravelling the risks of
construction digitalisation in developing countries”, Construction Innovation, Vol. 21 No. 3,
pp. 456-475, doi: 10.1108/CI-02-2020-0026.

Aghimien, D., Ikuabe, M.O., Aghimien, L., Aigbavboa, C., Ngcobo, N. and Yankah, J. (2022), “PLS-SEM
assessment of the impediments of robotics and automation deployment for effective construction
health and safety”, Journal of Facilities Management, doi: 10.1108/JFM-04-2022-0037.

Aigbavboa, C. (2013), “An integrated beneficiary centred satisfaction model for publicly funded
housing schemes in South Africa”, A PhD Thesis, submitted to the Post Graduate School of
EngineeringManagement, Johannesburg, University of Johannesburg.

Akanmu, A. and Anumba, C. (2015), “Cyber-physical systems integration of building information models
and the physical construction”, Engineering, Construction and Architectural Management, Vol. 22
No. 5, pp. 516-535.

Akanmu, A., Anumba, C. andMessner, J. (2013), “Active monitoring and control of light fixtures during
building construction and operation: cyber-physical systems approach”, Journal of Architectural
Engineering, Vol. 20 No. 2, pp. 16-24.

Aldowayan, A., Dweiri, F. and Venkatachalam, S. (2020), “A review on current status of facility
management practices in building industry and prospective BIM intervention to manage the
facilities effectively during its service life”, Proceedings of the 5th NA International Conference on
Industrial Engineering and OperationsManagement, Detroit, MI, August 10-14, 2020, pp. 831-846.

Ameyaw, E.E., Hu, Y., Shan, M., Chan, A.P.C. and Le, Y. (2016), “Application of Delphi method in
construction engineering and management research: a quantitative perspective”, Journal of Civil
Engineering andManagement, Vol. 22 No. 8, pp. 991-1000.

Armstrong, D., Marshall, J.K., Chiba, N., Enns, R., Fallone, C.A., Fass, R., Hollingworth, R., Hunt, R.H.,
Kahrilas, P.J., Mayrand, S., Moayyedi, P., Paterson, W.G., Sadowski, D. and van Zanten, S.J. (2005),
“Canadian consensus conference on the management of gastroesophageal reflux disease in adults –
update 2004”,Canadian Journal of Gastroenterology andHepatology, Vol. 19 No. 1, pp. 15-35.

Atkin, B. and Bildsten, L. (2017), “A future for facilities management”, Construction Innovation, Vol. 17
No. 2, pp. 116-124.

British Institute of Facilities Management (BIFM) (2019), “Facilities management”, available at: www.
bifm.org.uk/bifm/about/facilities (assessed 30 October 2020).

Chan, A.P.C., Yung, E.H.K., Lam, P.T.I., Tam, C.M. and Cheung, S.O. (2001), “Application of Delphi
method in selection of procurement systems for construction projects”, Construction
Management and Economics, Vol. 19 No. 7, pp. 699-718.

Creswell, J.W. (2009), Research Design: Qualitative, Quantitative, and Mixed Methods Approaches, 3rd
ed., Sage Publications, Thousand Oaks, London.

Critcher, C. and Gladstone, B. (1998), “Utilising the Delphi technique in policy discussion: a case study
of a privatized utility in Britain”, Public Administration, Vol. 76 No. 3, pp. 431-449.

Davis, K.A. and Songer, A.D. (2008), “Resistance to it change in the AEC industry: an individual
assessment tool”, Electronic Journal of Information Technology in Construction, Vol. 13, pp. 56-68.

Els, D.A. and Delarey, R.P. (2006), “Developing a holistic wellness model”, South African Journal of
Human ResourceManagement, Vol. 4 No. 2, pp. 46-56.

Erdo�gmus�, N. and Esen, M. (2011), “An investigation of the effects of technology readiness on
technology acceptance in e-HRM”, Procedia - Social and Behavioral Sciences, Vol. 24, pp. 487-495.

Evans, M. and Farrell, P. (2021), “Barriers to integrating building information modelling and lean
construction practices on construction mega-projects: a delphi study”, Benchmarking: an
International Journal, Vol. 28 No. 2, pp. 652-669, doi: 10.1108/BIJ-04-2020-0169.

Delphi study

269

http://dx.doi.org/10.1108/ECAM-11-2019-0602
http://dx.doi.org/10.1108/CI-02-2020-0026
http://dx.doi.org/10.1108/JFM-04-2022-0037
http://www.bifm.org.uk/bifm/about/facilities
http://www.bifm.org.uk/bifm/about/facilities
http://dx.doi.org/10.1108/BIJ-04-2020-0169


Fitzgerald, J., Gamble, C., Larsen, P., Pierce, K. and Woodcock, J. (2015), “Cyber-physical systems
design: formal foundations, methods and integrated tool chains”, 2015 IEEE/ACM 3rd FME
Workshop on Formal Methods in Software Engineering, pp. 40-46.

Froese, T.M. (2010), “The impact of emerging information technology on project management for
construction”,Automation in Construction, Vol. 19 No. 5, pp. 531-538.

George, D. and Mallery, P. (2000), SPSS for Windows Step by Step: A Simple Guide and Reference, 2nd
ed., Allyn and Bacon publisher, Boston.

Grisham, T. (2008), Cross Cultural Leadership. Doctor of Project Management, School of Property,
Construction and Project Management, RMIT, Melbourne.

Gupta, B., Dasgupta, S. and Gupta, A. (2008), “Adoption of ICT in a government organization in a
developing country: an empirical study”, The Journal of Strategic Information Systems, Vol. 17
No. 2, pp. 140-154.

Hakansson, A., Hartung, R. and Moradian, E. (2015), “Reasoning strategies in smart cyber-physical
systems”, Procedia Computer Science, Vol. 60, pp. 1575-1584.

Hallowell, M.R. and Gambatese, J.A. (2010), “Qualitative research: application of the Delphi method to
CEM research”, Journal of Construction Engineering andManagement, Vol. 136 No. 1, pp. 99-107.

Han, Z., Gao, R.X. and Fan, Z. (2012), “Occupancy and indoor environment quality sensing for smart
buildings”, 2012 IEEE international instrumentation and measurement technology conference
proceedings, IEEE, pp. 882-887, doi: 10.1109/I2MTC.2012.6229557

Hastings, A. and Sethumadhavan, S. (2020), “A new doctrine for hardware security”, Proceedings of the
Fourth ACM Workshop on Attacks and Solutions in Hardware Security–ASHES 2020,
New York, NY, Association for Computing Machinery, pp. 127-136

Holey, E.A., Feeley, J.L., Dixon, J. and Whittaker, V.J. (2007), “An exploration of the use of simple
statistics to measure consensus and stability in Delphi studies”, BMC Medical Research
Methodology, Vol. 7 No. 1, pp. 1-10.

Howard, R., Restrepo, L. and Chang, C. (2017), “Addressing individual perceptions: an application of the
unified theory of acceptance and use of technology to building information modelling”,
International Journal of Project Management, Vol. 35 No. 2, pp. 107-120.

Hoxha, V., Hoxha, D. and Hoxha, J. (2021), “Current situation, challenges and future development
directions of facilities management in Kosovo”, Property Management, Vol. 40 No. 3,
pp. 343-369, doi: 10.1108/PM-05-2021-0034.

Hudson, M. (2004), “Facility management for universities”, Proceedings of the Conference in HongKong
on NewWorld Order in Facility Management, Hong Kong, June.

Ikuabe, M.O., Aigbavboa, C. and Oke, A. (2020c), “Cyber-physical systems: matching up its application in
the construction industry and other selected industries”, Proceedings of the International Conference
on Industrial Engineering and OperationsManagement, Dubai, UAE,March 10-12, pp. 1543-1552.

Ikuabe, M.O., Aghimien, D.O., Aigbavboa, C.O. and Oke, A.E. (2020b), “Exploring the adoption of
digital technology at the different phases of construction projects in South Africa”, Proceedings
of the International Conference on Industrial Engineering and Operations Management, Dubai,
UAE,March, 10-12, pp. 1553-1561.

Ikuabe, M.O., Aghimien, D.O., Aigbavboa, C.O. and Oke, A.E. (2020a), “Inhibiting factors to the
adoption of digital technologies in the South African construction industry”, Proceedings of the
5th Research Conference of the NIQS (RECON5), pp. 455-461.

Ikuabe, M.O., Aigbavboa, C., Anumba, C., Oke, A. and Adekunle, S. (2023), “Business environment as a
determinant in the uptake of cyber-physical systems for facilities management”, Facilities,
Vol. 41 Nos 3/4, pp. 211-228, doi: 10.1108/F-02-2022-0022.

Ikuabe, M., Aigbavboa, C., Anumba, C., Oke, A. and Aghimien, L. (2022), “Confirmatory factor analysis
of performance measurement indicators determining the uptake of CPS for facilities
management”, Buildings, Vol. 12 No. 4, p. 466, doi: 10.3390/buildings12040466.

CI
24,7

270

http://dx.doi.org/10.1109/I2MTC.2012.6229557
http://dx.doi.org/10.1108/PM-05-2021-0034
http://dx.doi.org/10.1108/F-02-2022-0022
http://dx.doi.org/10.3390/buildings12040466


Islam, R., Hassan, T., Sarajul, N. and Mohamed, F. (2019), “Factors influencing facilities management
cost performance in building projects”, Journal of Performance of Construction Facilities, Vol. 33
No. 3, p. 4019036.

Jaafar, M., Abdul Aziz, A.R., Ramayah, T. and Saad, B. (2007), “Integrating information technology in
the construction industry: technology readiness assessment of Malaysian contractors”,
International Journal of Project Management, Vol. 25 No. 2, pp. 115-120.

Jahromi, A.A. and Kundur, D. (2020), “Fundamentals of cyber-physical systems”, in Anumba, C.J. and
Roofigari-Esfahan, N. (Eds), Cyber-Physical Systems in the Built Environment, Springer, pp. 1-13,
doi: 10.1007/978-3-030-41560-0_1.

Jawdeh, H. (2013), “Improving the integration of building design and facilities management”, Unpublished
PhD thesis submitted to the School of the Built Environment, University of Salford, UK.

Kamarazaly, M.A., Mbachu, J.I. and Phipps, R. (2013), “Challenges faced by facilities managers in the
Australian Universities”, Journal of Facilities Management, Vol. 11 No. 2, pp. 136-151.

Kok, H.B., Mobach, M.P. and Omta, O.S. (2011), “The added value of facility management in the
educational environment”, Journal of Facilities Management, Vol. 9 No. 4, pp. 249-265.

Lee, E.A. (2015), “The past, present and future of cyber-physical systems: a focus on models”, Sensors,
Vol. 15 No. 3, pp. 4837-4869.

Lee, H., Lee, Y. and Kwon, D. (2005), “The intention to use computerized reservation systems: the
moderating effects of organisational support and supplier incentive”, Journal of Business
Research, Vol. 58 No. 11, pp. 1552-1561.

Lin, C. (2007), “Factors affecting innovation in logistics technologies for logistics service providers in China”,
Journal of TechnologyManagement in China, Vol. 2 No. 1, pp. 22-37, doi: 10.1108/17468770710723604.

McKenna, H. (1994), “The Delphi technique: a worthwhile research approach for nursing?”, Journal of
Advanced Nursing, Vol. 19 No. 6, pp. 1221-1225.

Mahamadu, A., Mahdjoubi, L., Booth, C., Manu, P. and Manu, E. (2019), “Building Information
Modelling (BIM) capability and delivery success on construction projects”, Construction
Innovation, Vol. 19 No. 2, pp. 170-192, doi: 10.1108/CI-03-2018-0016.

Merschbrock, C. and Nordahl-Rolfsen, C. (2016), “BIM technology among reinforcement workers – the case
of Oslo Airport’s terminal 2”, Journal of Information Technology in Construction, Vol. 21, pp. 1-12.

Nidhi, M. and Ali, S. (2020), “The challenges and benefits of facility management”, International Journal
of All Research Education and Scientific Methods, Vol. 8 No. 9, pp. 1-6.

Njuangang, S., Liyanage, C. and Akintoye, A. (2018), “The history of healthcare facilities management
services: a UK perspective in infection control”, Facilities, Vol. 36 Nos 7/8, pp. 369-385, doi:
10.1108/F-07-2016-0078.

Odumeru, J.A. (2013), “Going cashless: adoption of mobile banking in Nigeria”, Nigerian Chapter of
Arabian Journal of Business andManagement Review, Vol. 1 No. 2, pp. 9-17.

Oliveira, T., Thomas, M. and Espadanal, M. (2014), “Assessing the determinants of cloud computing
adoption: an analysis of the manufacturing and services sectors”, Information andManagement,
Vol. 51 No. 5, pp. 497-510.

Palem, G. (2013), “Condition-based maintenance using sensor arrays and telematics”, International Journal
ofMobile Communications and Telematics, Vol. 3 No. 3, pp. 19-28, doi: 10.48550/arXiv.1309.1921.

Pallant, J. (2005), SPSS Survival Manual: A Step by Step Guide to Data Analysis Using SPSS for
Windows (Version 12), 2nd ed., Allen and Unwin, Crows Nest NSW2065.

Parasuraman, A. and Colby, C. (2014), “An updated and streamlined technology readiness index: TRI
2.0”, Journal of Service Research, Vol. 18 No. 1, pp. 1-6.

Parn, E. and Edwards, D. (2019), “Cyber threats confronting the digital built environment: common
data environment vulnerabilities and block chain deterrence”, Engineering, Construction and
Architectural Management, Vol. 26 No. 2, pp. 245-266, doi: 10.1108/ECAM-03-2018-0101.

Delphi study

271

http://dx.doi.org/10.1007/978-3-030-41560-0_1
http://dx.doi.org/10.1108/17468770710723604
http://dx.doi.org/10.1108/CI-03-2018-0016
http://dx.doi.org/10.1108/F-07-2016-0078
http://dx.doi.org/10.48550/arXiv.1309.1921
http://dx.doi.org/10.1108/ECAM-03-2018-0101


Potter, R. (2020), “CFOs can improve the value of cybersecurity investments: here’s how”, Forbes,
available at: www.forbes.com/sites/forbesbusinessdevelopmentcouncil/2020/11/04/cfos-can-
prove-the-value-of-cybersecurity-investments-heres-how/?sh¼24551b701927 (assessed 02
October 2022).

Rayens, M.K. and Hahn, E.J. (2000), “Building consensus using the policy Delphi method”, Policy Politics
Nursing Practice, Vol. 1 No. 4, pp. 308-315.

Rowe, G. and Wright, G. (1999), “The Delphi technique as a forecasting tool: issues and analysis”,
International Journal of Forecasting, Vol. 15 No. 4, pp. 353-375.

Serdyukov, P. (2017), “Innovation in education: what works, what doesn’t, and what to do about it?”,
Journal of Research in Innovative Teaching and Learning, Vol. 10 No. 1, pp. 4-33.

Shen, L., Edirisinghe, R. and Yang, M.G. (2016), “An investigation of BIM readiness of owners and
facility managers in Singapore: institutional case study”, Proceedings of the CIB World Building
Congress, Volume IV: Understanding Impacts and Functioning of Different Solutions, Tampere,
30May-3 June.

Somiah, M.K., Aigbavboa, C.O. and Thwala, W.D. (2020), “Success strategies for competitive advantage
in the Ghanaian construction industry: a Delphi study”, in Aigbavboa, C. and Thwala, W. (Eds),
The Construction Industry in the Fourth Industrial Revolution. CIDB 2019, Springer.

Talukder, M. and Quazi, A. (2011), “The impact of social influence on individuals’ adoption of
innovation”, Journal of Organizational Computing and Electronic Commerce, Vol. 21 No. 2,
pp. 111-135.

Tengan, C. and Aigbavboa, C. (2018), “Validating factors influencing monitoring and evaluation in the
Ghanaian construction industry: a Delphi study approach”, International Journal of Construction
Management, Vol. 10 No. 2, pp. 1-12.

Terreno, S., Akanmu, A., Anumba, C. and Olayiwola, J. (2020), “Cyber-physical social systems for
facilities management”, in Anumba, C.J., Roofiari-Esfahan, N. (Eds), Cyber-Physical Systems in
the Built Environment, Springer, pp. 297-308, doi: 10.1007/978-3-030-41560-0_16.

Tomlinson, A., Parkin, S. and Shaikh, S. (2022), “Drivers and barriers for secure hardware adoption
across ecosystem stakeholders”, Journal of Cybersecurity, Vol. 8 No. 1, p. tyac009, doi: 10.1093/
cybsec/tyac009.

Walter, M. (2006), “Return on interoperability: the new ROI”, Cad User, Vol. 19 No. 3, p. 14.
Watson, S. (2018), “Cyber-security: what will it take for construction to act?”, available at: www.

constructionnews.co.uk/tech/cyber-security-what-will-it-take-for-construction-to-act-22-01-2018/
(accessed 03 June 2022).

Williams, P.L. and Webb, C. (1994), “The Delphi technique: a methodological discussion”, Journal of
Advanced Nursing, Vol. 19 No. 1, pp. 180-186.

Wu, Q., Ding, G., Xu, Y., Feng, S., Du, Z., Wang, J. and Long, K. (2014), “Cognitive internet of things: a
new paradigm beyond connection”, IEEE Internet of Things Journal, Vol. 1 No. 2, pp. 129-143.

Yousuf, M.I. (2007), “The Delphi technique”, Essays in Education, Vol. 20, pp. 80-89.
Yuan, X., Anumba, C.J. and Parfitt, M.K. (2016), “Cyber-physical systems for temporary structure

monitoring”,Automation in Construction, Vol. 66, pp. 1-14.

Corresponding author
Matthew Ikuabe can be contacted at: ikuabematthew@gmail.com

For instructions on how to order reprints of this article, please visit our website:
www.emeraldgrouppublishing.com/licensing/reprints.htm
Or contact us for further details: permissions@emeraldinsight.com

CI
24,7

272

http://www.forbes.com/sites/forbesbusinessdevelopmentcouncil/2020/11/04/cfos-can-prove-the-value-of-cybersecurity-investments-heres-how/?sh=24551b701927
http://www.forbes.com/sites/forbesbusinessdevelopmentcouncil/2020/11/04/cfos-can-prove-the-value-of-cybersecurity-investments-heres-how/?sh=24551b701927
http://dx.doi.org/10.1007/978-3-030-41560-0_16
http://dx.doi.org/10.1093/cybsec/tyac009
http://dx.doi.org/10.1093/cybsec/tyac009
https://www.constructionnews.co.uk/tech/cyber-security-what-will-it-take-for-construction-to-act-22-01-2018/
https://www.constructionnews.co.uk/tech/cyber-security-what-will-it-take-for-construction-to-act-22-01-2018/
mailto:ikuabematthew@gmail.com

	Cyber-physical systems for facilities management: a Delphi study on the propelling measures
	Introduction
	Drivers of the uptake of cyber–physical systems for facilities management
	Research methodology
	Selection of Delphi experts
	Delphi iterations
	Achieving consensus
	Determining reliability and validity of the Delphi process

	Findings
	Delphi round one result
	Delphi round two result

	Discussion of findings
	Conclusion and recommendations
	References


