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The fourth industrial revolution (Industry 4.0) has contributed to technology uptake in
the global economy. It is suggested to make industries effective and efficient. The
technologies in the revolution include internet of things, augmented and virtual
reality, cloud computing, smart sensors, artificial intelligence, automation, robotics
and big data. These have given rise to high rate of generating massive amount of
varied data, which are analysed for process improvement: Simply termed as big data.
Current studies on big data in the construction industry have recommended some
benefits based on inference from other industries. However, the actual benefits is
silent in the discourse amongst construction management practitioners and
researchers. Using a phenomenological research method through a single case study,
this study answers the question, what are the benefits of big data to the construction
industry? The selected case is a tier one construction firm and known to be
technology-led company in the Australian construction industry. Construction
personnel in different portfolios, years of experience and at various level of hierarchy
were interviewed through semi-structured interview to share their experiences on big
data as far as their respective practices were concerned. Data were analysed through
first level coding and self-reflections by researchers. The preliminary findings reveal
the benefits of big data in management of claims, project monitoring and control, and
procurement on projects. By implication, the findings provide real experiences of big
data in the construction process. This study contributes to the discourse on the
promises of big data as an element of the fourth industrial revolution and the future of
the construction industry.
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INTRODUCTION
The fourth industry (Industry 4.0) is technology driven, which is aimed at improving
and transforming business operations across all sectors of the economy (Department
of Industry, 2019). The technologies include internet of things, augmented and virtual
reality, cloud computing, smart sensors, artificial intelligence, automation, robotics
and big data. These have contributed to the high rate of generating massive amount of
varied data, which are analysed for process improvement: Simply termed as big data.
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Benefits of Big Data Application Experienced in the Construction Industry

Adoption of technologies, like big data in the construction industry continue to suffer
a major setback (Low et al., 2019), though Cheng et al., (2020) indicated that failing
to “ride the wave” of Industry 4.0 will affect the survival of businesses. Current
studies on big data in the construction industry have recommended some benefits
(Bilal et al., 2016) and big data capabilities (Atuahene et al., 2018) based on inference
from other industries. However, the actual benefits of big data are silent in the
discourse amongst construction management practitioners and researchers. This
empirical study explores the benefits of big data in the construction industry.

LITERATURE REVIEW
Big Data
A perfect definition of big data has become a major challenge due to different
interpretations. However, the concept of big data has two main components at the
metalevel: The characteristics of data, and the technology (to store and process the
data). There is a consensus on the technology component but dissenting views on the
characteristics of data that defines big data. The definition of Davenport (2014) is
adapted for this study because it provides a holistic description of big data and widely
cited as well, thus:
the collection and interpretation of massive data sets made possible by vast computing
power that monitors a variety of digital streams - such as sensors, marketplace
interactions and social information exchanges - and analyse them using ‘smart’
algorithms.

Component of big data
The two main components can further be decomposed into the three stages of data
management life-cycle. The three stages of the data management life-cycle include
big data sources, big data storage and processing, and big data analytics.
Big data Application

Characteristics of
data
Big data sources
1. Directed
2. Automated
3. Volunteered

Technologies

Big data storage &
processing
1.NoSQL
2.NewSQL
3.Cloud storage

Big data analytics
1. Descriptive analytics
2. Diagnostic analytics
3. Predictive analytics
4. Prescriptive analytics
Statistics
Data mining
Machine learning

Figure 1: Deconstructed big data concept (Kitchin, 2014; Bilal et al., 2016; Strohbach et al.,
2016)

Big data sources: The characteristics of big data relate to the sources of data and
storage as shown in Figure 1. Kitchin (2013) classified the sources of big data into
directed, automated and volunteered. The directed sources are from “digital forms of
surveillance” like the drones and Time Lapse Cameras etc., which are used on
construction project (Han and Golparvar-Fard, 2017). The automated data are
generated from digital devices, machines, sensors and actuators embedded into objects
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like phones, smart wearables, RFIDs. The volunteered data are those available on
social media platforms and crowdsourced data, as used in construction studies
(Kanjanabootra et al., 2019). Whilst the traditionalists (Russom, 2011; Davenport,
2014; Bilal et al., 2016; Han and Golparvar-Fard, 2017) - a term for some researchers
in the context of this study - consider the characteristics of data to be 3Vs, thus large
amount (volume) of heterogeneous (variety) datasets, generated at a faster speed
(velocity), the progressives (Demchenko et al., 2013; Wamba et al., 2015) - used in
the context of this study - accept the traditionalists view of 3Vs but believe the
relevance of valuable information (value), and the authenticity and trustworthiness of
data (veracity) should be included. The characteristics of data depends on data
capturing technologies, the frequency and rate of use, and the security of the data.
Big data storage and processing: This includes data storage either through the cloud
server or traditional storage device, and management of data using Hadoop
Map/Reduce and Spark. Different formats of captured data require appropriate
storage and management technologies. Many forms of state-of-the-art technologies
are available for storing and managing data depending on the types (Strohbach et al.,
2016): NoSQL (Not only Structured Query Language) is a distributed database
designed to handle a wide variety of data and perform well at the same processing
time, should there be an increase in workload (scalability), other than the relational
database management system (RDBMS). NewSQL is a modern form of RDBMS
which combines the benefit of NoSQL’s scalability and the traditional RDBMS’s
strong consistency. Cloud storage has become relevant in modern times due to
amount of data created, replicated and used daily.
Big data analytics: The analytics process and analyse the data by providing insight
that guide management in making decisions, which depends on the level of analytics.
The levels of big data analytics include descriptive, diagnostic, predictive and
prescriptive analytics. These levels provide insight from data on what is happening,
why it happened, what is likely to happen and what should be done respectively.
These analytics are achieved by performing machine learning, Natural Language
Processing (NLP), Business Intelligence or Cloud Computing. Construction
practitioners are not trained as data scientist to perform those analytics, however,
construction practitioners can be trained to developed expertise in the big data
concepts (life cycle), which are integral to the performance of their duties, like data
capture and application of the data.
Benefits of big data experienced in other industries
Russom (2011) revealed the benefits of implementing big data in organizations
through a survey. Though the study did not include construction practitioners, but
some benefits identified from those industries would be beneficial to the construction
industry. These include accurate business insights, automated decisions for real-time
processes, fraud detection, leverage and return on investment for big data, risk
quantification, planning and forecasting and identifying root causes of cost. Table 1
summarizes benefits of big data applications identified from other industries as well.
The benefits are classified into strategic and operational, which are aligned and
inspired by the classification of Raguseo (2018) and Wang et al., (2018). These two
main benefits can be seen from the project and organizational level in the context of
construction, though there is an over-lapping relationship between them. In the
organization level, the operational benefits from the project(s) level accumulate to
enable top management to design plans and make informed decisions (strategic
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benefits) on achieving its goal and mission. These decisions are intended to make the
organization competitive amongst the other industry players. And the competitiveness
of a construction organization is a measure of the number of contracts won and the
number of completed projects within a time period. Construction organizations like
those in other industries are in business to maximize profit and minimize cost. At the
project level, the decisions (strategic benefits) made by top management are put into
practice. At this level achieving the project objectives of time, cost, quality and safety
become the focus. Every bottlenecks are addressed to contribute to the overall
efficiency of the project.
Table 1 Benefits of big data experienced in different industries

RESEARCH METHODOLOGY
The main concepts of the study are based on big data and construction process. The
big data concept was gathered from big data literature, which is still evolving.
Though big data research is positioned in the data-driven science (Kitchin, 2014),
especially when large amount of data is being analysed but the current study considers
the managerial aspect of big data. Phenomenology is employed in the study of
learning within and outside the field of education, like exploring the experiences of
people (Bowden, 2000; Mapp, 2008). Using a phenomenological research method,
this study explored the benefits of big data experienced in the construction process,
which is part of a broader ongoing PhD research.
The empirical research concerns a single case that voluntarily consented to participate
in the study and known to be technology-driven in the Australian construction sector.
The case has the capacity to be a unit of analysis on its own (Eisenhardt and Graebner,
2007), and in order to avoid biases and understanding of the concept (Papadonikolaki
and Wamelink, 2017), data were collected from seven (7) employees at different
hierarchical levels in the organization.
Review of articles in the domain area contributed to the formation of the research
questions, which were validated, and reliability established on three stages. The first
stage went through a review by an expert in Internet of Things to check the content
and construct, which went through one iteration. The second stage was a review
conducted by two construction management faculty members in our university. The
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third stage was done after receiving ethics approval for the study, where four
construction professionals - a Construction Project Manager, a Civil Engineer, and
two faculty members who worked as Mechanical Engineer and a Quantity Surveyor were piloted for the study. The piloting exercise help in restructuring the questions to
make it easier and simpler for construction professionals to understand without
altering the aim of the study.
The questions were about the technologies used, data management and application of
the data in their substantive roles as far as a project is concerned. Some of the
questions include: What technologies, smart devices, apps and software do you use in
your role? Where are the data from these technologies stored? How does the data from
the technologies help you in performing your role and responsibilities? The semistructured interview was administered by the first author through face-to-face, Skype
and telephone. The data for this study is based on preliminary analysis of the
application of big data in the construction process through the structural coding
approach. Structural coding is appropriate for studies with multiple participants,
exploratory study and semi-structured interview (Saldaña, 2016), like the case of this
study.

RESULTS
Case description
The case is a tier one construction firm, operational in almost every state in Australia
and involved in the construction of buildings in every sector of the Australian
economy: Residential, defence, health, industrial etc. Table 2 describes the details of
the respondents for the study.
Table 2: Description of interviewees for the study

The HU is in charge of the operations within the geographical unit. HU ensures that
all projects within the unit’s jurisdiction are delivered to the expectation of the client
and the firm, as well as ensuring that people, resources and equipment are properly
allocated to all projects. The PA, CA1 and CA2 perform contract administration roles
for the unit on projects assigned to them. Relationship management, procurement of
subcontractors and suppliers, vetting and approval of subcontractors claims form part
of the administrators’ roles. The PE is in-charge of design management on projects.
The SEs are primarily responsible for all forms of data capture on site and its
associated technologies, contractor - subcontractor relationship, as well as safety and
quality checks. The captured data by the SEs are managed and processed on the
firm’s platform, which becomes the go-to fact check spot for CAs, HU and senior
level staff in the firm’s regional, state and national headquarters. The interviews
revealed a closely-knit relationship amongst the professionals in solving the puzzle of
data management in the construction process.
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Case analysis
Three main benefits of applying big data in the roles of these construction
professionals are discussed here: Management of claims, project monitoring and
control, and procurement.
Management of claims
Management of claims emerged from the interview data. A demand for payment or
compensation within a contractual framework is called claim (Project Management
Institute, 2017). Contractors and subcontractors receive their payments after claiming
for work done. Conflict is an inevitable issue associated with working with different
stakeholders especially on construction projects. Whittling-down conflicts in the
issuance of subcontractor’s claim require material of evidential value, to respond to
the claims, the CA1 stated:
I use time lapse camera and drone footage data to assess or respond to subcontractors
payment claim in the first step. So if a subcontractor say 90% of the work done and the
footage also say 40% has been done, there is no thing argument about it when it is a
visuals (CA1)

Concerning its relation to big data, the data are generated from directed and automated
streams of big data sources on construction projects. Though the construction
professionals are not experts in technical component of big data but are aware of the
data management processes in the project setup. Availability of the time lapse camera
data on site can reduce the time for physical inspection on site because validation of
claims can be done remotely by any member of the contract administration team
without necessarily being on site. As admitted by CA1 “I just watch the footage to
make sure when I walked around the site what I think I have seen is what I have
seen”. The reliance on these data might not override the presence of the contract
administrator on site as indicated by CA: “I do walk around the site and compare
percentages completed and what we can claim…we get to see what’s happening, we
get a demo file…” But the data could override the presence of the contract
administrator on site, when the site engineers are directed to capture some portion of
the work done onsite. The drone(s) and the time lapse cameras could then be adjusted
to focus on the completed work, which is claimed by the main contractor or
subcontractors.
Project monitoring and control
The construction process is benefiting from big data through project monitoring and
control. The purpose of having project monitoring and control mechanisms is to
achieve efficiency, as admitted by the HU in relations to the benefits of generating
data on construction project “…try and identify issues before they become issues. I
think the primarily drive is efficiencies and main is efficiency”. Buttressing the point
of efficiency, the HU acknowledged that “…we capture data around defects and nonconformance… and again is the case of analysing the data and deciding whether or not
if there is any deficiencies, so any red flags in terms of what the data is telling us”.
Defects affect the progress of the project, thus the ability to identify defects at the
earlier stages of the project help to reduce the cost of rework at later stages of the
project, as well as having a behind-schedule project. The PE admitted that “we go
generally around the day to take photos of all reinforcement in the day…and
sometimes it comes like we have a few incidence where a bit of the post tension is
burst and we go back to the photos and see what was installed in the slab and pick up
on if there is a bar missing that is why it got burst”. These mechanisms enable the
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contractor to have an eagle-eye on the project and rectify every defect within the
process, thus, delivering and handing-over a quality project becomes the hallmark of
the contractor. SE1/2 use the smart devices assigned to them like the IPads to capture
defects and safety incidence and assign them to the responsible subcontractor(s) and
the responsible team member from the contractor’s side to rectify and/or address them
immediately. This was admitted by SE2: “On site we use BIM360 fields and we
synch all that onto out server for our BIM360 field and populate data onto our intranet
system, where management, CAs and others that can see the data, tell us whatever
they need... It just gives them an easy and quick way to any issues or how well or
poor we are doing on a project. The contractor also achieves efficiency on the project
by comparing the data on subcontractor attendance and the duration worked as against
the budgeted labour performance. The sign-in and sign-out data are recorded through
the “Whos On Location” app, which is synchronised with the contractor’s intranet
system by providing statistics on daily attendance and hours worked. These statistics
enable staff both on-site and off-site who have access to the intranet system to have a
near to real-time updates on the progress of the project. This was accounted by SE1:
“…the intranet system is an overview and graph on certain stuff, let’s say how many
subcontractors were on site as compared to how many were predicted on site at this
point in time and things like that”. The statistics offer the main contractor the
opportunity to query subcontractors absenting themselves from sites. Attendance are
recorded to check for absenteeism on-site and a mechanism for ensuring that every
individual have evacuated from site should there be an accident on site, as well as
juxtaposing the actual cost of labour as against the budgeted cost of labour.
Reassignment of resources becomes the strategy, if the earned value analysis suggests
the project is underperforming, in-terms of working behind schedule or spending over
budget.
Procurement
Procurement is a function of bidding for the right project based on organizational
resources and selecting the right subcontractors. Those are the two main application
of big data identified in the context of procurement in the study. Data from old
projects offer an insight and guidance to CAs and HU in selecting and awarding
contracts to subcontractors. In real life, no individual will be happy to forge and work
with “messy subcontractors” upon knowing their capabilities and attitude towards
work. This was admitted that “… the next time we want to select a subcontractor we
have worked with before, it pulls up to say that subcontractor has done 10 - 15 jobs
with us before, these are the values and the time they did it so that we are able to
figure what the subcontractor can handle” (CA1). No builder is in the position to
associate itself with abysmal and poor output of work, because their ability to survive
depend on what they have been able to achieve from previous projects. And a tier one
company would not risk its reputation by awarding a demanding job to an underperforming subcontractor. Accumulation of data serve as organizational memory in
situations where some staff might have left the organization. The availability of such
data provides an insight in inviting the capable subcontractors in tendering for a
project and selecting the best.
In addition to subcontractor’s procurement is the contractor’s aim to bid for new
projects. An organization that refuses to learn from its previous project performance
will fail to grow and not survive in a dynamic and turbulent industry. Stored data on
earlier projects do influence bidding for new projects, as admitted by the HU “We pull
all our data to understand what job will cost us and going forward and how long it will
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take us… a good example is on waste, we will capture data on the amount of waste
that we produce on a particular project maybe it is an aged care project, and we can
use that data to make an assessment of what the cost is going to be in the next aged
care job we gonna do and that’s probably the benefit …”. Under-pricing for a project
affects the contractor’s ability to win or lose a tender due to the selection criteria of
tender, making it imperative to rely on the massive amount of available data.
Tendering for projects is very competitive and the contracting firm’s ability to gain
valuable insights from existing data strengthens its competitive advantage edge over
others.
In summary, big data contributes to achieving efficiency in the construction process
through management of claims, project monitoring and control, and procurement. In
the broader sense of the classification in Table 1, management of claims, and project
monitoring and control are operational benefits, whilst procurement is strategic
benefits. Meanwhile, these big data benefits can be deconstructed further based from
the above discussion:
1. Management of claims:
a. Reduces conflict amongst project stakeholders.
b. Reduces time spent on contract administrators’ inspection on site.
2. Project monitoring and control:
a. Enables “near to real time” communications and updates between site
and head office.
b. Contributes to quick response to issues on site.
c. Contributes to the identification of defects and its causes.
d. Contributes to achieving project objectives: Time, cost, quality and
safety
3. Procurement:
a. Contributes in the selection and award of contract to responsible and
capable subcontractors.
b. Contributes to submitting competitive bid for projects.

CONCLUSION
Big data application in the construction industry is inevitable in the current
dispensation of the fourth industry. Sophisticated technologies will continue to evolve
and the construction industry should strategize and ride on the wave of big data since
the industry’s rate of technology adoption is slow. This empirical study identified
three benefits of big data in the construction process thus, claim management, project
monitoring and control, and procurement. By implication, the findings provide real
life experiences of big data in the construction process. This study contribute to the
discourse on the promises of big data as an element of the fourth industrial revolution
and the future of the construction industry.
From the forgoing, there is the need for practitioners to rethink and employ best
practices and develop data management competencies as far as the industry is
concerned. Aside the benefits identified from the study, it would be highly
recommended to conduct further research on the barriers and capabilities of big data
application in the construction industry. Such research will provide a comprehensive
view and understanding of big data to both construction management practitioners and
researchers.
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