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Abstract: Cyber-physical systems (CPS) enable the synergistic integration of virtual models with the physical
environment. CPS are being increasingly recognized because of their ability to improve information management in
construction projects, make project delivery efficient, and enhance facilities management. The use of virtual models in
the construction industry is growing. A quantity surveyor (QS) is responsible for estimating and monitoring
construction costs from project inception to completion. The use of CPS could integrate the physical environment with
the digital information available to QSs. Hence CPS has the potential to streamline the workflow related to key roles of
QSs. Thus, the aim of the study was to evaluate the ability of CPS to facilitate the key roles expected of a QS. The study
used a qualitative approach, consisting of 18 semi-structured interviews. The interview findings were analysed using
manual content analysis. The literature review revealed the need for CPS in the construction industry and identified
the key roles of QSs. The interviewees identified the existing CPS and their supportive applications, technologies and
proposed new systems. The study findings provide insights on the reforms required in the key roles of QSs when using
CPS.
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1. Introduction

Digitalisation has influenced all sectors of the industry (Ratna et al., 2018). Information Technology (IT) is
a key technology used in the modern world, which provides both opportunities and challenges when
improving the quality of life of people and their communities (Osei-Bryson et al., 2014). Abawajy (2012)
stated that organisations are increasingly relying on IT to maintain competitive advantages and improve
their services. The use of IT in the construction industry has become indispensable in areas such as building
design, project planning and scheduling, cost control and budgeting, and computer-aided facility
management (Ikediashi et al., 2016).

Smart construction will be a trend in the future because innovative technologies, such as Building
Information Modelling (BIM), cloud computing, the Internet of Things (I10T), mobile internet, big data and
automation (Zhai et al., 2009). Such advancements of technology followed by the concept of Industry 4.0
will be used increasingly in construction (Chelyshkov, 2019). With these innovations of data capturing,
communication and computation, digital resources can be seamlessly integrated with the physical
engineered components (Maskuriy et al.,, 2019). Cyber Physical Systems (CPS) are dynamic systems that
can effectively integrate cyber and physical components using the modern sensor, computing and network
technologies (Ghazani & Lotf, 2012).

According to RICS (2019), Artificial Intelligence (AI) and the IoT have now become a core
components of construction industry operations. The rapid developments in Information and
Communication Technology (ICT) have encouraged the construction industry to explore the CPS

approach (Akanmu et al., 2014). CPS can be used in construction for progress monitoring, construction
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process controlling, as-built documentation, and sustainable building practices (Akanmu et al., 2014). Thus,
the implementation of CPS will have an impact on the professionals working in the construction industry.

Being a professional, a Quantity Surveyor (QS) working in the construction industry will have to
handle project financing (Perera et al., 2007). The use of computers by QSs has grown steadily since the
introduction of stand-alone computers in the early 1980s for project estimation (Brook, 2008). According
to Chandramohan et al. (2020), the employment model of QSs has been completely redefined because of
the innovations and advanced IT applications introduced to the construction industry. Therefore,
traditional work practices are no longer effective for QSs working in construction (Dada et al.,, 2012).

According to Towey (2012), advancements in the field of ICT had QSs involved in document
communication systems, project management planning, cost management systems, video and
teleconferencing, webcams, conference displays, forums, E-tendering, cloud computing, and BIM. The
transformation of the work practices of QSs has positively influenced the construction industry as it has
increased the productivity, performance, and the quality and integration of construction processes (Hassan
et al.,, 2019). With the introduction of CPS, professionals would be able to create a virtual copy of their
physical environments and make informed decisions using sensor data and digitalized plant models
(Hermann et al., 2016). Wao (2015) stated that the future growth of the quantity surveying profession
would depend on the advancements made in areas such as IT, and sustainable design and construction.
Therefore, the investigation of the impact of innovative technologies, such as CPS introduced recently, on
the role of a QS is imperative. CPS being a recent approach to visualisation of construction process that
evolves with other technologies of industry 4.0 (Maskuriy et al., 2019), there has been several studies on
the adaption of CPS to construction industry. In addition to that, few independent studies have been
conducted on adapting CPS related technologies quantity surveying practices. However, collective use of
CPS on the key roles performed by QSs has not been focused by the existing literature. Therefore, this study
reviews the existing literature to investigate the current level of usage of CPS and CPS-related technologies
in the construction industry while exploring the roles of present-day QSs. Subsequent semi structured
interviews help identify the CPS and CPS-related technologies that help perform key roles QSs and how CPS
could transform these roles of QSs.

2. Literature Review

A literature review was first conducted to explore the existing knowledge on components of CPS and usage
of CPS in the construction industry. There literature sources mainly consisted of journal articles and
conference proceedings in order to gather latest knowledge on the subject area. In addition to CPS,
literature review also focused on identifying key roles of QSs while exploring the current and potential use
of CPS to perform identified roles QSs. Thereby, literature review help establish the potential use of CPS to
the way QS perform their roles.

2.1. OVERVIEW OF CYBER-PHYSICAL SYSTEMS (CPS)

CPS are dynamic systems that can effectively integrate cyber and physical components using modern
sensors, and computing and network technologies (Ghazani et al., 2012). Resources such as machines,
materials, and labour are the physical components of CPS, while data analysis, applications, services, and
decisions are the cyber components of CPS. Computation and communication are used by CPS to introduce
new capabilities to physical structures that interact with physical processes intensively (Tao et al., 2019).
According to Anumba et al. (2010), CPS integrate several physical and virtual components through
automation and robotics.

The devices used in the automation sector have recently become heterogeneous and CPS are
expected to address this heterogeneity in the future (Riedl et al.,, 2013). Leitdo et al. (2016) stated that CPS
in industrial infrastructures have to deal with mechatronics, communication, and information technology
when managing the distributed physical processes and systems of the infrastructure. As Riedl et al. (2013)
discussed, the automation systems open to future demands reflect the opportunities available for CPS. The
last two decades have seen substantial progress in Al and robotics (Jamsa-Jounela, 2007). Momin et al.
(2015) highlighted that CPS will contribute to the value, safety, efficiency, productivity, and performance
of future automation systems used in construction. Therefore, in future, CPS will play a major role in the
construction sector.
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2.2.CPS IN CONSTRUCTION INDUSTRY

Correa (2018) noted that CPS is a far-reaching technology that can solve the recurring problems of the
construction industry. Chelyshkov (2019) agreeing with Correa (2018) found that the applications of CPS
in the architecture, engineering and construction industry relied on the technologies that are already
available and those that are being developed. Use of supportive applications of CPS and technologies in
construction activities, such as monitoring of building efficiencies (Bonchi et al, 2019), integration of
building information models and physical constructions (Akanmu et al.,, 2014), planning and operation of
mobile cranes in construction sites (Chelyshkov, 2019) and construction industry overall (Correa, 2018;
Akanmu et al,, 2014) have been identified by past researchers. According to Kim et al. (2013) and Dewit
(2015), CPS could be useful for the tracking of the progress of different construction activities of large
complex projects. CPS can capture physical data, and thus can improve prefabrication operations while
ensuring that they serve their purpose (Viha et al., 2013). Kim et al. (2013) highlighted that the use of CPS
would improve the safety and defect management in manufacturing. They further highlighted that CPS
technologies can help material tracking. Kim et al. (2013) believed that, the ability of CPS to respond to
physical inputs during process automation would enable the use of robots to perform design, construction,
and demolition activities. Thus, the technology used in CPS is a far-reaching technology that would address
the recurrent problems of the construction industry (Correa, 2018).

2.3.ROLES OF QS

A QS, also known as a construction economist or cost manager, is a member of the team of construction
industry professionals involved in the estimation and monitoring of construction costs, starting from
project feasibility studies to project completion (AIQS, 2020). In the early days, QSs worked only for project
consultants, contractors, or clients (Shafiei et al.,, 2008). Today, they are involved in the insurance, financial,
manufacturing, taxation, and valuation industries as well (Chandramohan et al,, 2020). Table 1below lists
the roles of QSs identified from the literature.

Authors

Role of QSs A[B|C|D|E|F]|G|H]I
Preliminary estimation
Contract administration
Bills of Quantities (BOQs) preparation
Priced BOQ examination
Cost planning
Cost estimation
Procurement advice
Measurement and quantification
Specification preparation
Contract documentation
Contractual advice
Cost control
Interim valuations and payments
Financial reporting
Final account preparation
Tender examination
Contractual claim settlement
Project management
Value management
Facilities management
Dispute resolution
Life cycle cost analysis
Programming
Insurance valuation
Building surveying
Sustainability advice
Post occupancy evaluation
Investment appraisal
Building information service provision
Research methodologies and technologies
A- (Awoyemi et al., 2014) B- (Ashworth et al.,, 2013) C- (Olanrewaju et al., 2015) D- (Wao, 2015) E- (Dada et
al,, 2012) F- (Oke, 2010) G- (Shafiei et al., 2008) H - (Chandramohan et al., 2020) I- (Cunningham, 2014)

Tablel, Roles of QSs identified from the literature
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Even though QSs have to play many diversified roles, most of the previous researchers have
identified preliminary estimation, measurement and quantification, contract administration, cost planning,
procurement advice, contract documentation, cost control, and interim valuations and payments as the
roles of QSs. Wao (2015) stated that because of the opportunities that would become available for
advancement in areas such as IT, and sustainable design and construction, the future growth of the
profession would depend on the steps taken to address economic recessions. Oladapo (2006) noted that
the use of IT software makes the jobs of QSs easy, improves their decision-making abilities, and helps them
reduce the overall project costs without sacrificing project functionality and quality.

2.4 USE OF CPS BY QUANTITY SURVEYORS

The use of IT software has been proposed to overcome the shortcomings of manual quantification of
construction works (Oladapo, 2007). According to Ashworth et al. (2013), through project financial
management and cost consultancy services to the clients and designers throughout the project construction
process a QS should ensure that construction resources are used for the benefit of the society. Real-time
project information allows informed decisions to be made by project participants, such as project
managers, site engineers and construction workers (Kim et al., 2013). Because BIM has already promoted
the digitalisation of the construction industry, it is important to consider the relevance of Industry 4.0
technologies to construction (Correa, 2018). Furthermore, according to Correa (2018), CPS in construction
would reduce or eliminate manual information gathering and reduce the time taken to produce progress
reports or enable their preparation in real-time. Thus, CPS will enable QSs to focus on aggregated-values
and decision-making tasks. According to Wao (2015), the roles of QSs vary from country to country and in
the United Kingdom and in some African and Asian countries, they can play core roles in construction, such
as arbitration and overall project management. As Kim and Park (2018) stated, BIM, cost estimation and
planning technologies, and risk management and value engineering are being increasingly required in
quantity surveying. By implementing BIM for cost estimation, input information can be improved and the
knowledge and understanding of the estimator can be enhanced to obtain accurate cost estimates (Ismail
etal, 2016).

2.5. PROPOSED USE OF CPS BY QUANTITY SURVEYORS

Although BIM is being widely used in the design and engineering phases of building projects, only few
attempts have been made to combine sensor technology and BIM and make the combination the real-time
or on-line data repository of the building (Vaha et al., 2013). BIM applications include the automation of
operations, management of knowledge, classification of documents, improvement of labour productivity
and visualization of construction management data (Chiu et al., 2013). The entire life of a building can be
divided into several stages: design, production, construction and operation stages and the end of life
(Litzkendorf & Lorenz, 2006). Linares et al. (2019) categorised supportive applications and technologies
of a construction project under main four stages: planning, design, construction, and operation and
maintenance stages. CPS can be used in the construction stage to improve progress monitoring, control the
construction processes, prepare as-built documentation, and implement sustainable building practices
(Akanmu et al., 2014) using the data collected from sensors and translating that data into information for
use in a model. In building and facilities management, BIM uses sensor readings to monitor resource
positions (Dewit, 2015). New sensor technologies and the broad use of BIM will offer new methods for
addressing the requirements and operations of a building throughout its life cycle (Vaha et al.,, 2013). By
accommodating a 4th dimension (4D),’ time’, and a 5t dimension (5D),” cost,” which explicitly relate to the
quantification, modification, and extraction of data embedded within a BIM model, BIM can become the
primary source of information required in quantity surveying (Stanley & Thurnell, 2014). Building
architecture is closely related to the environmental conditions of the building location (Keating et al., 2017).
Using 3D printing techniques, the cost structure of buildings can be altered based on the overall costs of
the raw materials used (Keating et al., 2017).

2.6. USE OF CPS TO TRANSFORM THE KEY ROLES OF QUANTITY SURVEYORS

Kim and Park (2018) observed that integration of cost dimension with 5D BIM allows such information to
be shared among stakeholders improving efficiency of many duties performed by QSs during the pre-
contract stage. Similarly, authors further emphasised the potential to configure the same model to be “live
linked” to actual progress with use of other simulation tolls which could facilitate many post contract
activities performed by QSs. Similarly, with the recent developments in ICT, CPS are being used in multiple
instances in construction industry (Lazarova-Molnar et al., 2016). Few studies (Akanmu et al., 2014;
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Anumba et al.,, 2010; Chelyshkov, 2019; Correa, 2018; Lazarova-Molnar et al., 2016) have been conducted
on the use of CPS in the construction industry. Availability of multiple CPS applications and the complexity
of their development process have narrowed down most research studies to individual CPS applications,
focused on addressing the challenges offered by CPS (Lazarova-Molnar et al., 2016). Further, studies
conducted on CPS in relation to QSs are often concentrated on individual CPS applications. According to
AIQS (2020), QSs often have to make decisions involving large sums of money based on the information
generated by them. During this process QSs are required to perform different roles which involve analysis
of information generated from multiple resources. A quantity-surveying firm interested in accuracy has to
use ICT (Agyekum et al,, 2015).

3. Method Of Study

This study explored the use of CPS to facilitate the core roles expected of QSs. As Saunders et al. (2009) and
Hammarberg et al,, (2016) explained, the qualitative research approach allows a researcher to assess
opinions, behaviours, and relationships associated with the subject of the research study. The approach
would enable the exploration of the key roles performed by QSs and supporting technologies of CPS used
by QSs based on experience of experts. Moreover, a qualitative approach improves self-understanding and
the understanding of the human conditions, particularly those related to human experience and behaviours
(Mafuwane, 2011). Therefore, using a qualitative approach, the use of CPS to facilitate the key roles of QSs
can be ascertained.

Kajornboon (2005) explained that, data collection method of a research study has to be selected
based on the research goals and versatility of available methods. The literature revealed that, the traditional
role of QS had diversified over the recent years. Hence, the study initially focused on identifying the key
roles performed by QSs. CPS being a relatively new concept to the construction industry which combines
information retrieved from several exiting and developing CPS applications, research subsequently focused
on identifying existing and potential use of CPS applications facilitate and transform key roles of QSs.
Responses to above aspects would depend on the respondent’s knowledge and exposure to different
applications of CPS. Therefore, semi- structured interviews were selected for data collection as it provides
abasic framework, which allows the researcher to discuss and revisit the responses received with flexibility
MacDonald and Headlam (2011).

CPS being a concept which evolves with the advancement in ICT, prospective respondents had to
be from a quantity surveying background who are conversant with new technologies in the construction
industry. With purposive sampling, a heterogeneous sample of 18 interviewees belonging to different age
groups having experience in both industry and academia, were identified for the semi structured
interviews. The respondents’ views, opinions, and perspectives on the subject of the study were obtained
while allowing situational questions based on the professional opinions expressed. Interviews were
primarily focused on identifying key roles of QSs among the 30 diversified roles identified from the
literature. Subsequently, applicably and use of identified CPS and supportive CPS applications perform key
roles of QSs were explored. Each interview, which lasted for 60-75 min, was conducted either as an online
or face-to-face interview. A brief description of each interviewee is provided in Table 2.

No Designation Or'grayrﬂﬁz!:tfion Country Ex(};eet;re;ce Area of Expertise
1.01 | PhD researcher Educational England 3 Digital Twins/ New technologies
1.02 | Contractor QS Contractor United Arab 4 New software/ New technologies
Emirates
(UAE)
1.03 | Senior lecturer Educational New Zealand 23 New technologies
1.04 | Contractor QS Contractor UAE 6 New technologies
1.05 | Contractor QS Contractor UAE 5 New technologies
1.06 | Cost manager Employer UAE 4 New technologies
1.07 | PhD researcher Educational Australia 4 Blockchains/ Carbon Emission
1.08 | PhD researcher Consultancy Australia 5 BIM
1.09 | Consultant QS Consultancy Sri Lanka 5 New technologies
.10 | Director Consultancy Sri Lanka 13 New technologies/ Tendering
.11 | Director Contractor Sri Lanka 26 New technologies
.12 | Contract Consultancy Sri Lanka 9 Contract specialist/ New technologies
specialist
[.13 | Senior Lecturer Educational Sri Lanka 20 BIM/ New technologies

41



FARU PROCEEDINGS 2021

.14 | Procurement Contractor Sri Lanka 6 Procurement/BIM
Engineer
1.15 | PhD Researcher Educational Sri Lanka 3 New technologies
1.16 | PhD Researcher Educational Hong Kong 6 New technologies
1.17 | Project manager Consultancy USA 18 New software/ New technologies
1.18 | PhD Researcher Educational England 6 New technologies

Table 2, Details of the interviewees

Given the semi structured interviews adapted for the collection of data from a heterogeneous sample,
the responses consisted information based on different practices and exposure to CPS. Hence, the method
adapted for the analysis of data had to be flexible and accommodate the diverse information in order to
produce meaningful findings. The manual content analysis enhances the user’s focus on the data set and
reduces the diversion of the user’s attention from the contextual meaning of the data to the process (Cope,
2014). Thus, content analysis using manual coding was adopted for the data analysis. Based on different
opinions of the respondents’, identified roles were classified with manual coding. The assigned code was
later used to identify the applicability of the CPS.

4. Findings

The primary data of the study were collected from semi-structured interviews. Manual content analysis of
the findings revealed the use of CPS applications key roles of the QSs.

4.1. IDENTIFICATION OF THE KEY ROLES OF QUANTITY SURVEYORS

The literature review identified 30 roles of QSs (Table 2). The interviewees were asked to identify the key
roles of a QS from among those listed in Table 2. The interviewees 1.10,1.11,1.13, and .17 who had the most
experience in the industry maintained that several new roles have been assigned to QSs in recent years
with the introduction of new technologies and concepts. However, respondents further clarified that apart
from few instances, many new roles have been associated with traditional roles of QS. The majority of the
interviewees highlighted that the responsibilities attached to most of the roles were similar. Therefore,
interviewees ignored the diversified roles and identified as key roles only 9 of the 30 roles identified from
the literature. The identified key roles are preliminary estimation, measurement and quantification,
contract administration, cost planning, procurement advice, contract documentation, tender evaluation,
cost control and interim valuations and payments. The interviewee 1.04 argued that roles such as project
management should be included in the list. However, the other interviewees were of the view that
diversified roles could not be considered key roles. Further, 1.11 argued that many roles based on
contractual decision making could be classified under contract administration. Similarly, preliminary
estimation could include new roles such as life cycle cost analysis, and investment appraisal. The identified
key roles are listed in Table 3.

Code | Role Code | Role
R1 Preliminary estimation R6 Tender and contract documentation
R2 Measurement and quantification R7 Cost planning
R3 Contract administration R8 Cost control
R4 Preparation of BOQs R9 Procurement advice
R5 Interim valuations and payments

Table 3, Key roles expected of a QS

4.2. CURRENT USE OF CPS AND ITS SUPPORTIVE APPLICATIONS BY QUANTITY SURVEYORS

A list of 22 CPS applications and technologies were identified from the literature. However, from the 22
applications, the interviewees removed Internet, Email, 5G, Portable Devices, and Video and Audio
Communication from the list because they were considered common applications. In addition to that,
Internet of Things (IoT) also was removed because it was considered a collective term used for all internet-
based services. Further, 3D printing, GIS, Photogrammetry, Exoskeletons, Robotics and Autonomous
Vehicles also were removed as they were not directly related to the key roles of QSs. Hence, out of the 22
applications interviewees removed 12 applications. The interviewees suggested five additional
applications used with CPS which are, Estimating (ES) Software, Taking Off (TO) software, Project Planning

42



FARU PROCEEDINGS 2021

(PP) Software, Contract Administration (CA) Software and 3D Model TO. Subsequently, 15 CPS and CPS
related applications that facilitate key roles of QSs were identified. Similarly, interviewees highlighted those
certain applications have already been implemented in the industry while other applications were still
under development and testing phase. Therefore, 15 applications were classified into two categories
namely, existing applications and proposed applications. The left side of Figure 1 illustrates how existing
CPS and CPS-related applications are used to support the key roles of a QS.

Figure 1 below depicts the use of existing and proposed CPS on the key roles of a QS. The left side
portion of figure 1 use of existing technologies while right side explains the use of proposed applications.
Based on the responses most of the existing CPS applications facilitate the estimation, quantification,
preparation of BOQs and interim valuation roles performed by QSs. .03 and 1.11 identified above roles as
core functions expected from a QS which are critical for cost management of construction projects. While
agreeing with that statement, majority of respondents also highlighted above roles as most time-consuming
and error-prone activities performed by the QSs. Compared to number of CPS applications that supported
estimation and quantifications, relatively limited number of applications supported cost planning and cost
controlling. 1.13 and L.17 highlighted that ability of an application to automatically update changes
significantly contributes to the cost planning aspects. Procurement advice and tender documentation were
other key roles which had been well facilitated by existing CPS. 1.10, .13 and 1.14 stated that traditional
procurement procedures that relied on hard copies had been digitalized with the recent development in
ICT. 1.12 and 1.14 highlighted that many organizations had adapted E-Tendering methods. Contract
administration aspect of QSs had also been satisfactorily addressed by CPS Applications. The majority of
the interviewees observed that BIM implementation has laid the foundation for digital contract
management. According to them, the existing software supports the handling of contractual data in a
Common Data Environment (CDE). .02, .05 and 1.12 stated that several construction companies who have
already implemented contract administration using CPS are now hesitant to expand it because of security
threats.
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D Identified from the literature

Suggested by interviewees
Estimating (ES) Software, Taking Off (TO) software, Project Planning (PP) Software, Contract Administration
(CA) Software and 3D Model TO

Removed after interviews
Common application - Internet, Email, 5G, Portable Devices, and Video and Audio Communication
Not directly related to QS’s role - 3D printing, GIS, Photogrammetry, Exoskeletons, Robotics and Autonomous Vehicles

Figurel, Supportive applications and technologies of CPS related to the key roles of a QS

BIM based software were highlighted as a versatile application that supported all key role of QSs. .08
and [.13 pointed out that compared to another existing CPS applications BIM was well established concept
in the construction industry. Hence wide variety of applications have been developed to facilitate almost
all functions performed in construction projects. Modelling based applications such as CAD, ES, TO and 3D
Model TO were found to support roles such as estimation, quantification, preparation of BOQs and interim
valuation. All interviewees agreed that these existing applications efficient and accurate delivery of
activities related to above roles. Both Contract Planning and Project Planning applications facilitate
procurement advising while focusing on contract administration and cost planning respectively.

4.3. PROPOSED USE OF CPS AND THEIR SUPPORTIVE APPLICATIONS BY QUANTITY SURVEYORS

As already mentioned, the right side of Figure 1 illustrates how the proposed CPS technologies would
facilitate the key roles of a QS.

Interim valuations and payments activities of QSs were found to be supported by a majority of
proposed CPS applications. 1.01, 1.13, 1.15, 1.16, .17, and 1.18 believed that the implementation of these
systems would automate site monitoring, enabling QSs to update the project progress and cost plans to suit
the situation. Similarly, measurement and quantification was another key role focused by majority of
proposed CPS applications. 1.04, 1.08 and 1.17 highlighted that compared to existing CPS which support
quantification with regard to the design, almost all of the proposed CPS focused measuring real time
construction progress by capturing site progress. 1.07 and 1.14 highlighted the potential of using drones to
collect information on site progress without visiting the site. According to 1.05, sensors and RFID can be
integrated with material delivery and production processes to track their progress. The role of estimation
which was already supported by existing CPS was found to be supported by several proposed CPS as well.
The interviewee 1.01 mentioned that Augmented Reality (AR) and Virtual Reality (VR) could be used to
create models containing sufficient details to help QSs prepare estimates. According to 1.01, these models
assist visualisation of projects while improving the accuracy of estimates.

Use of Al could support most key roles performed by QSs. 1.01, 1.07 and 1.09 believed that Al
together with machine learning could assist QSs make better decisions with regard to cost planning, cost
control, interim valuations. Majority of the interviewees agreed that, with CPS, quantification and BOQ
preparation would be automated. However, 1.11 and 1.13 who had more experience argued that human
input would still be required to take decisions on intricate matters. 1.07 suggested that blockchain, being
incorruptible, would prevent security risks associated with contract administration. Thus, the use of this
technology would produce definitive contracts, stored electronically in one single location with the history
of its versions clearly recorded and accessible only to the relevant parties. Respondents further explained
that, such features would assist QSs to ensure the confidentiality of contractual data, especially during pre
and post contract stages.

5. Discussion
The discussion of the findings of a study with those knowledgeable on the subject of the study is important

even though the existing knowledge has not yet not been developed up to the expected level. The section
below compares existing knowledge with study findings.

5.1. USE OF EXISTING CPS TO TRANSFORM THE KEY ROLES OF QUANTITY SURVEYORS
This study primarily focused on the use of CPS to facilitate key roles of QSs whereas, previous studies

conducted by Akanmu et al. (2013), Correa (2018) focused on the integration of CPS with the construction
industry. Findings of the study revealed that, apart from 3D printing, GIS, Photogrammetry, Exoskeletons,
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Robotics and Autonomous Vehicles which are highly related to other engineering disciplines, majority of
existing CPS could facilitate key roles of QSs. In addition to that, ES, TO and 3D Model TO software had
specifically focused on key roles of QSs such as estimation, quantification, preparation of BOQs and interim
valuation. Interviewees believed that these existing CPS have focused on reducing the time spent on
repetitive tasks. This acknowledges the observations of Linares et al. (2019) on automation of simple and
repetitive activities as a significant advantage of CPS. Similarly, the ability of existing CPS to reduce errors
associated with performing the above roles was highlighted through the study reaffirming findings of
Oladapo (2007) that overcoming human blunders associated with manual processes, been a major concern
during the development of CPS.

Conferring to Correa (2018), respondents also highlighted that, existing CPS substantially contribute
to the digitalization of procurement arrangement, tender documentation and contract administration by
enabling efficient information gathering while optimizing the compilation of contractual documents in a
collaborative environment. However, findings revealed that only a few existing CPS applications could
facilitate cost planning and cost control aspects of QS. Respondents acknowledged the existence of CPS
applications that allow cost planning and cost controlling as mentioned by Akanmu et al. (2014). However,
Inability of most existing CPS applications to update cost information in real time was identified as a barrier
to facilitate cost planning and controlling. Nonetheless, BIM based applications were identified as versatile
CPS applications which could facilitate all key roles of QSs agreeing with Correa, (2018) on the contribution
of BIM concept to digitalize most aspects of construction industry.

5.2. USE OF PROPOSED CPS TO TRANSFORM THE KEY ROLES OF QUANTITY SURVEYORS

According to the study findings, the proposed technologies of CPS would streamline the key role of QSs by
enabling real time data capturing as mentioned by Kim et al. (2013). Endorsing the literature review
findings, the interviewees highlighted that QSs should use real time project information to make informed
decisions. Sensors, drones, and Al would significantly contribute to real time data capturing required for
the quantification and interim valuation. The findings of the study tally with the findings of Vaha et al
(2013), which revealed that new sensor technology and the broad use of BIM. Such applications would help
capture real time data required for cost controlling and interim reports. The study findings agree with
Lazarova-Molnar et al. (2016) on the advantages of having AR and VR for the immersive visualisation of a
project. The technologies would enable QSs to provide accurate estimations and have access to additional
data. The findings further highlighted the opportunities available to combine real time data with AR and
VR s to help the QSs with the preparation of interim valuations and controlling costs. Hence, the findings
coincide with Akanmu et al. (2013) on potential uses of CPS applications for progress monitoring,
construction process controlling, as-built documentation, and sustainable building practices.

In addition to that, findings also highlighted the potential use of Al for assisting decision making related
to tendering and cost controlling. Contracts are the backbone of construction projects. The interviewees
while agreeing with Correa (2018) on the ability of BIM to handle contract management emphasized the
ability of blockchain technology to ensure the validity and security of contractual data. This feature would
assist QSs to ensure the confidentiality of contractual data, especially during pre and post contract stages.
The findings of the study also confirm the findings of Anumba et al. (2010), which revealed that CPS could
establish new procurement approaches in the construction industry. The interviewees highlighted that by
using Blockchains and BIM, lean procurement approaches could be made by eliminating the multitude of
intermediaries currently involved in construction projects using conventional approaches, the new
approaches will enable cost savings that will allow a client to exercise strict control of the project and make
project cost, time, and scope clear.

6. Conclusions and Recommendations

CPS are defined in the literature as dynamic systems that can integrate cyber and physical components
using modern computing and network technologies. Data captured from the physical components using
sensors and other modern technologies will be transferred to a digital environment. Within which the data
can be modelled, analysed and processed to produce information that will be used in return to improve
physical components. As other industrial sectors adopted CPS, , the construction industry too would have
to adopt new technological inventions gradually. Therefore, this study aims to explore how these different
CPS applications would facilitate roles performed by QSs.
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Proceeding a thorough literature review, a semi-structured interviews with 18 professionals
conducted to identify key roles performed by QSs and use of CPS application perform identified roles. The
interview findings narrowed down the number of key roles that the QSs are expected to play to nine:
preliminary estimation, tender and contract documentation, measurement and quantification, cost
planning, contract administration, cost control, preparation of BOQs, procurement advice and interim
valuations and payments. Subsequently, the applicability of CPS and their supporting technologies to help
the QSs in their key roles were explored. The finding revealed 7 exiting CPS applications and 8 proposed
CPS applications that would contribute QSs to perform their key roles. Majority of existing CPS applications
support estimation, quantification, preparation of BOQs and interim valuation, related tasks by minimising
human blunders and time consumed. Further, BIM based software stood out among the existing CPS
applications that could support all identified key roles of QSs. When considering the proposed CPS
applications, they focus on efficiently capturing data from physical components whereas existing CPS
focused on processing provide data. Additionally, technologies such as AR, VR and Al could significantly
contribute to the visualisation of captured data. Al together with other technologies such as machine
learning could assist QSs in decision-making process as well. The use of blockchain and BIM could help
implement new procurement approaches.

This study primarily identified the key roles of QSs and how existing and proposed CPS applications
could contribute to the quantity surveying practices related to the identified roles. As identified from the
study use of both existing and proposed CPS could elevate the functionality of QSs as key professionals in
the construction industry. By knowing the capabilities of existing applications, QSs could select the suitable
CPS application based on the tasks they wish to perform. Further studies can be conducted on identifying
strategies to bridge existing CPS applications with other roles that were not supported initially. Similarly,
identification of the barriers that hinder the implementation of proposed CPS and developing strategies
mitigate such barriers would enable CPS to serve QSs perform more efficiently.
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