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Abstract

The construction industry demands active construction organisations, efficient construction
processes and innovative construction techniques to effectively compete under increasing
globalisation, market competition and technological advancements in the twenty-first century.
The problems of industrialised building system (IBS) associated with construction such as
decreasing quality and productivity, unskilled labour, occupational safety, and inferior working
conditions have opened the possibility of more revolutionary solutions within the industry. One
of the prospective options is in the implementation of innovative technologies in construction
such as automation and robotics, which has the potential to improve the industry regarding
productivity, safety and quality. The Objective of this paper is to identify the critical success
factors to automation and robotics in the Industrialised Building System to overcome the
problems highlighted which can benefit the Malaysian Construction Industry as a whole.
Keywords: Automation, Robotics, Industrialised Building System, Critical Success Factors CSFs

Introduction

The Malaysian Construction Industry Master Plan (CIMP 2006 - 2015) highlights the critical issues
of Industrialized Building System (IBS) is productivity. The problems of productivity in the
Malaysian construction industry is still the major issue in the industry such as productivity,
dependency on foreign workers and high level of construction wastage (Azman & Nawi, 2014).
Despite the potential of IBS, the adoption and uptake on IBS in the Malaysian construction
industry are low. Study conducted by (Kamar et al 2014; Mohd Amin et al., 2017) stated that in
2003 and 2005 that only 15% of the construction projects used IBS in Malaysia, and the survey
also indicated that only approximately 10% of the complete projects used IBS in 2006 as
compared to the forecasted IBS usage of 50% in 2006 and 70% in 2008, as projected in the IBS
roadmap initiatives. In a press statement by the CIDB General Manager of the IBS &
Mechanization Division, Technology Development Sector, Noraini Bahri stated that, as at 31st
December 2015, only about 42% of public projects Malaysia use modern Industrialised Building
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Systems (IBS) technology. Furthermore, when the target of the IBS Roadmap 2011- 2015 is to
have all public projects to obtain an IBS score of 70 or more, the IBS usage in public projects fell
below expectations, with only 24% of public projects valued at above RM10 million have an IBS
score of 70 or more. To date, as at May 2016, Works Minister, Datuk Fadillah Yusof said that
about 69% of government projects used IBS, while the adoption rate by the private sector is still
low around 14% (CIDB, 2018; Dewan Rakyat, 2017).

Rashidi & Ibrahim, (2017) consequently, stated that the construction industry records low
productivity levels in comparison with other sectors in Malaysia. The local and global labour
productivity benchmarks reported in the CITP 2016-2020 reflect the limited modernisation in
Malaysian construction methods and practices, as well as a reliance on a low-skilled workforce.
With the problem of housing becoming increasingly serious as a result of using conventional
construction methods, the Malaysian construction authorities are actively trying to utilise new
technology and promote the adoption of modern practices of construction to meet the planned
targets planned under the 11th Malaysian Plan. Therefore, it is crucial to encourage the uptake
of IBS through industrialised construction work by increasing technology and modern Practices
focusing on Automation and Robotics (Abd Rashid et al., 2018; CIDB, 2015).

The methodology adopted is primarily based on a thorough review of the relevant
literature on CSFs within the scope of automation and robotics in the Industrialised Building
System (IBS). All the data and information gathered directly from libraries, books, articles and
other printed materials searched in the international and national journals, proceeding and
bulletin.

Critical Success Factors CSFs to Automation and Robotics in IBS

Critical success factor was first introduced by Richard Daniel back in 1960. In the study,
he had discussed the problem of inadequate management information for setting objectives,
shaping strategies, making decisions, and measuring results against goals. Daniel asserted that
organisational planning information should focus on "success factors," which he described as
"three to six factors that determine success...important jobs that must be done exceedingly well
for a company to be successful" (Fritz, 2006). Amberg, Fischl, & Wiener (2005) stated that the
CSF approach to identifying and measuring an organisation's performance was developed and
became well established under the work of Rockhart (1979). Rockart & Bullen (1981) define the
CSFs are the limited number of areas in which satisfactory results will ensure successful
competitive performance for the individual, department or organisation. In the context of IBS
particularly automation and robotic, CSFs are the key areas to be identified and for the goals to
be attained. Therefore, this study had identified 28 critical success factors to automation and
robotics in industrialised building system that will be discussed in details in the next section.
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1. Good Working Collaboration

A good working collaboration with all parties from the design, manufactured and
construction/installation will ensure the success of automation and robotics (Ismail, Yusuwan, &
Baharuddin, 2012). It will solve the problem related to complex interfacing between systems and
ensure efficient process sequence in design, manufacturing and construction/installation (Kamar
et al., 2014). A study conducted by (Meynagh et al., 2014; Yunus et al., 2017) confirmed the good
working collaboration is crucial to ensure the success of automation and robotics.

2. Effective Communication Channel

Communication channels refer to the way the information flows within the organisation and with
other organisations. In construction, effective communication channel between all parties in the
initial works of IBS process is essential to ensure the success of IBS project implementation (Ismail
et al.,, 2012). The automation and robotics will enable effective prefabrication, delivery and
supply of components to be undertaken according to the project schedule (Cu$-Babi¢ et al., 2014;
Kamar et al., 2014; Nawi et al., 2016; Yusof et al., 2015)

3. Coordination of design, Manufacture, Transportation and Installation

Automation and robotics increase coordination of planning throughout the project lifecycle in
terms of design, manufacturing, transportation and installation which generally regards as
difficult by the contractors due to the nature of the construction industry, which, is fragmented,
diverse and involve many parties (Cu$-Babic et al., 2014; Nawi et al., 2016; Tajul et al., 2017).

4. Involvement during design stage for all team members

The involvement of all team members during the design stage will improve project performance
through a reduction of wastage in schedule, cost and adversarial relationship issue (Nawi et al.,
2010) reduce the likelihood of creating designs that cannot be efficiently built, thereby reducing
design rework, improving project schedule, and establishing construction cost saving (Nawi et al.,
2014). This involvement only is successful through the use of automation and robotics
(Andersson & Lessing, 2017).

5. Experienced workforce and Technical capable

Availability of experienced professionals & skilled workforce/staff is a critical success factor in
automation and robotics (Silva et al., 2016). Automation and robotics in IBS require an
experienced workforce capable of high-level planning, organising and controlling functions to
production, coordination and distribution of components. Jabar et al. (2013) stated that the
workforce should be competent and experienced in managing the automation and robotics
construction activities (Kamar, 2011; Yusof et al., 2015).
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6. Information and communication technology (ICT)

The Information and Communication Technology (ICT) is a vital and reliable support tool towards
automation and robotics to improve the design, tendering, planning, monitoring, distribution,
logistics and cost comparison process by establishing integration, accurate data and effective
dealing with project documents (kamar et al., 2009; Yusof et al., 2015).

7. Risk management Strategy

Hassim & Jaafar, (2009) stated that the risk has been defined as the probability of occurrence of
some uncertain, unpredictable and even undesirable event(s) that would change the prospects
for the profitability on a given investment. The success of automation and robotics investment
depends very much on the efficient and effective management of the risks involved. Developed
countries have extensive experience in managing risks because of lessons from their success and
failure of automation and robotics in the construction industry. The potential loss from risks is
the primary factor that hinders automation and robotics in IBS application by decision makers
who lack experience in this field (Luo et al., 2015)

8. Extensive planning and scheduling

Extensive planning and scheduling of activities in advance is critical which will lead to better
project performance, coordination, better scope control and ensure smooth project sequence
(Kamar et al., 2014; Yusof et al., 2015).

9. Management of supply chain

High demands on the management of supply chain and logistics activities. It needs to be
coordinated in a manner that allows constructors to gain the full control of the process with the
intention to improve efficiencies and competitiveness (Meynagh et al., 2014; Yusof et al., 2015).

10. Top-down commitment

Yusof et al. (2015) stated that the implementation of automation and robotics in IBS also depends
on ‘top-down' commitment and corporate motivation. In return, this will ensure the right
motivation and commitment from the whole team. Kamar et al. (2012) stated that Vision and
commitment from the board management is the most critical factor determined the success of
automation and robotics in IBS, followed by early decision to use automation and robotics in IBS

11. Economic of scale

Bock et al., (2014) stated that the economies of scale bring benefits to productivity and help
reduce production costs. The economies of scale through the widening of the operating market
and repetitive use of the technologies will enable higher investments in acquiring the
technologies (Mahbub, 2008). (Buckett, 2013) To achieve economies of scale, the industry had
to target higher-value housing, going mid - to upmarket. This marketing strategy played on the
higher quality controls, strengths, consistency of product and ability to ‘customise’ the housing
with a multitude of options to personalise the product.
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12. Partnering

Partnering with suppliers, manufacturers, contractors and subcontractors from the early stages
was essential to ensure the efficient and timely delivery of components and services. Strategic
partnering has suited both large and small firms allowing numerous opportunities to improve
their conduct of business such as wider diffusion of products without costly physical presence in
the markets, risk and reward sharing, resource pooling, reduction in the coordination and
transaction cost, ability to concentrate on core competency and rapid response to market needs.
This factor is also essential to those industry players who are not familiar with the automation
and robotics to merge with experienced companies through a partnering approach (Kamar &
Hamid, 2011; Lou et al., 2012)

13. Standardisation

Automation and robotics required standardisation as stated by Buckett (2013) without
standardisation of sizes; there is a limited ability for automation and robotics to lower costs.
Conversely, without significant cost benefits, there is little gain from using standardisation
designs. CITP 2016-2020 urge the adoption of various construction technologies that promote
standardisation can lower upfront procurement costs while higher quality construction will
reduce expenditure directed towards re-work, maintenance, renovations and repairs. At the
same time, a more resource-efficient approach to construction will drive further savings. UK-RAS
Network, (2016) also stated the key drivers for the success of automation and robotics came from
the standardisation of manufacturing processes that improved the quality of consumer products.
Xue et al., (2017) on the other hand suggested that standardisation design promoted mass
production and that economies of scale can reduce the cost of products. This is because
standardisation can improve the proficiency and productivity of the workers, and reduce the
labour cost.

14. Building Information Modelling (BIM)

BIM, 3D modelling software, can resolve many technical difficulties in the precast construction
processes. For instance, with the adoption of BIM in the prefabricated concrete industry,
engineering cost is reduced, the cost of rework due to errors are tremendously reduced. Besides,
it was stated that further improvement of manufacturing technology is a reliable solution to
tackle the weakness and threats of IBS adoption (Soon Ern et al., 2017). The integration of design,
manufacturing, and construction processes, and transparency of information about material
resources across these processes would bring significant benefits for all stakeholders within the
supply-chain (Cu$-Babic et al., 2014).
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15. Virtual Reality (VR)

With the rapid development of technologies, the virtual reality application also considers as
success factors to automation and robotics. As stated by Dallasega, Rauch, & Linder, (2018)
Virtual Reality or Mixed Reality can increase customers’ understanding of the final product early
in the design phase to avoid wasteful changes during project execution. Bock (2006) also added
that virtual reality application makes sure that customers do not become confused by the huge
amount of choice, they can use virtual reality to walk through their dream home and can change
anything they do not like before they sign the contract. If they approve of the simulation of the
house and agree with the price and the financing terms, the CAD/CAM system starts to
manufacture the components and room cells, which leaves hardly any waste. Virtual reality also
enables product managers and designers to see new ideas either through advanced computer-
aided design or ‘Virtual Reality’ (Alinaitwe et al., 2006).

16. Improved Speed to the market

Tasks are performed more quickly compared to manual methods. They provide consistent and
predictable productivity that reduces management oversight. The 24-hour production cycle is a
good advantage of robotics helping with production cost reduction and better sustainability
(Ogbemheet al., 2017).

17. Scaling and adapting to changing demand/Flexibility

Robots perform more tasks due to software and perception technology that has expanded its
capabilities. Programming robots have become more accessible than in the past so that
programmers can source and trained in-house. A robot can be automated numerous tasks in a
single setup — easing transition time, training and space requirements (Ogbemhe et al., 2017)

18. Delivering consistent Demand

Robotic movements are consistent, focused and with high precision. It avoids productivity loss
and re-work that tends to happen late in a shift or work week due to fatigue. The quality scales
up without the challenges of finding skilled workers to maintain it (Ogbemhe et al., 2017).

19. Return on investment through cost reduction and added value

The capital expense can quickly be recovered due to the increased product and profit sales that
emanate from the robot’s high productivity. Training and maintenance cost for robotic systems
are lower than that of staffs. The life cycle of a robot can last beyond its break-even threshold.
The high-quality production and predictability associated with the use of industrial robot lead to
increase margin (Ogbemhe et al., 2017; Prasath Kumar et al., 2016).
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20. Availability of Plant and Equipment/Machineries/Technology

Idoro, (2012) consider equipment availability as one of the factors that affect productivity.
Alinaitwe et al. (2009) opine that the main reason that productivity growth has been poor is the
level of technological change in the industry. To ensure the success of automation and robotics
in IBS the plant, equipment, machinery and technology is available locally or internationally.

21. Demand and Market Factors

Son et al., (2010) stated that the use of automation and robotics technology spurs market growth
through the provision of new or improved products and services as well as reductions in the cost
of production. Market acceptance can be gained if automation and robotics enable giving the
customers the feeling that they can implement individual housing needs without extra charges
or at reasonable costs and without delays (Vaha et al., 2013). There is an evident by looking the
market share, where industrialisation of the construction industry has indicated a high potential
of progress to the industry in the developed countries (Abd Hamid et al., 2017).

22. Government Initiatives

Some direct and indirect economic benefits can be gained from the utilisation of automation and
robotics to assist, collaborate, or replace human labour. Immediate economic benefits primarily
involve savings in labour cost, resource cost, and cost waste management, while indirect
economic benefits refer to saving in time, rework reduction, improved building quality, and
possible government incentives for applying innovation (Pan et al., 2018a). Incentive from the
government for example Automation Capital Allowance (ACA), Reinvestment loan (RA), Domestic
Investment Strategic Fund (DISF) under MIDA should be considered by the organisation to
enhance the automation and robotics in IBS (MIDA, 2016).

23. Method of Procurement

Method of procurement also considers one of success factor of automation and robotic in IBS.
Nawi et al., (2016) suggested that the available procurement method that promotes automation
and robotics in IBS will be Design and Build (DB), Integrated Project Delivery, Lean Manufacturing,
Partnering, Concurrent Engineering (CE), Supply Chain Management.

24. Mass Customisation

Bock & Linner (2010) stated that Customizations' heart is information and communication
technology used for forming continuous IT structures on which those information flows created.
The customisation genuinely based on the evolution and interconnection of all computer-based
technologies. According to Din et al., (2012) With this regards, we need to move from mass
production of components to mass customisation of buildings where the building design can be
tailor-made to specific customer needs. Bock (2006) added that Mass customisation, not mass
production, offers customers increased choice and design flexibility. While mass producers stand
behind products and services at prices low enough, that nearly everyone can afford them, mass
customizers advocate producing goods services with enough variety and customisation so that
everyone finds what they want.
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25. Mass Production

Industrialisation taking into account mass production will lead to reduced costs when the
guantities of work are beyond the minimum economic order quantities. The investment in
automation and robotics equipment and facilities associated with an industrialisation process can
be justified economically only with a large production volume. Such volume allows a distribution
of the fixed investment charge over a large number of product units without unduly inflating their
ultimate cost (Alinaitwe et al., 2006; Warszawski, 2005).

26. Education and Training

Skilled labour which is supported by quality training at all level is essential to ensure the
successful implementation of the automation and robotics in IBS. It requires great education and
training effort of trades especially for those involved in manufacturing, handling, positioning and
erecting the finished components or product (Din et al., 2012; Yusof et al., 2015).

27. Continuous Improvement and Learning

Successful implementation depends on the organisation ability to expedite the learning curve
from one project to another. Therefore, continuous improvement and learning can develop
company understanding on the processes and the principle behind it as the knowledge will
multiply as experience mount up (Cooke-Davies, 2002; Yusof et al., 2015).

28. Sustainability

According to M. Pan et al., (2018a) the crucial role of the building sector in mitigating climate
change and realising sustainable development goals has been highlighted in global agendas (Paris
Agreement, 2015; United Nations, 2015). Nevertheless, sustainable development and innovation
in the building industry have always been considered being problematic in many aspects (Pan
and Ning, 2014). Performance gaps, and poor operational and management procedures hinder
the achievement of sustainability and require advanced technologies as a countermeasure. In
this regard, automation and robotics is considered as a feasible solution to profoundly improve
sustainability performance in multiple ways, such as construction waste reduction, natural
resources savings, workplace safety improvements, and high-quality living environment (Bock
and Linner, 2012; Castro-Lacouture, 2009; Cousineau and Miura, 1998)

The list of critical success factors CSFs to automation and robotics in industrialised building
system is presented in table 1.
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Table 1. Critical Success Factors CSFs to Automation and Robotics in IBS

Author/Year
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6 X X X X X
7 X X X
8 X X X
9 X X X X X X
10 X X X X X X
11 X X X X
12 X X X X X X X
13 X X X X
14 X

1. Good Working Collaboration, 2. Effective Communication Channel, 3. Coordination of design, Manufacture, Transportation and
Installation, 4. Involvement during design stage for all team members, 5. Experienced workforce and Technical capable, 6. Information
and communication technology (ICT), 7. Risk management Strategy, 8. Extensive planning and scheduling, 9. Management of supply
chain, 10. Top down commitment, 11. Economic of scale, 12. Partnering, 13. Standardisation, 14. Building Information Modelling.
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15
16
17
18
19
20
21

22
23
24
25

26
27
28

15. Virtual Reality (VR), 16. Improved Speed to the market, 17. Scaling and adapting to changing demand/Flexibility, 18. Delivering
consistent Demand, 19. Return on investment through cost reduction and added value, 20. Availability of Plant and

Equipment/Machineries, 21. Demand and market Factors, 22. Government Initiatives, 23. Method of Procurement, 24. Mass
Customization, 25. Mass Production, 26. Education and Training, 27. Continuous Improvement and learning, 28. Sustainability.
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Conclusion

Automation and robotics indeed will improve the construction industry and promoting uptakes of
the Industrialised Building System (IBS). From the study 28 of success factors have been identified
which are 1. Good Working Collaboration, 2. Effective Communication Channel, 3. Coordination of
design, Manufacture, Transportation and Installation, 4. Involvement during design stage for all team
members, 5. Experienced workforce and Technical capable, 6. Information and communication
technology (ICT), 7. Risk management Strategy, 8. Extensive planning and scheduling, 9. Management
of supply chain, 10. Top down commitment, 11. Economic of scale, 12. Partnering, 13.
Standardisation, 14. Building Information Modelling, 15. Virtual Reality (VR), 16. Improved Speed to
the market, 17. Scalling and adapting to changing demand/Flexibility, 18. Delivering consistent
Demand, 19. Return on investment through cost reduction and added value, 20. Availability of Plant
and Equipment/Machineries, 21. Demand and market Factors, 22. Government Initiatives, 23.
Method of Procurement, 24. Mass Customization, 25. Mass Production, 26. Education and Training,
27. Continoues Improvement and learning, 28. Sustainability. This critical success factors (CSFs) is
essential to towards the implementation of automation and robotics in IBS.
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