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Abstract—High volume, labour-intensive manufacturing operations pose several challenges for successful
operations. It is an even bigger challenge to move away from manual dependency and shift towards automation of
production processes. There seems to be no general agreement among researchers on what are the critical success
factors (CSFs) on the implementation of advanced automation and robotics processes in the manufacturing
environment. Success factors vary across the manufacturing industry and also organizational units. This paper
attempts to elicit the opinion and perception of academic professionals with links to high volume labour-intensive
manufacturing industry. A systematic literature search was conducted on the topic and semi-structured interviews
were conducted with experts to gather their views on CSFs. Results from the literature search and interviews revealed
that factors related to Organization Strategy, Culture, and Structure; Top management support; Past experience,
staffing, and learning; Project management, planning, and control; Finance, and resource availability; Technology
maturity and vendor support; to be critical for the success of the production process automation project initiatives.
Findings from this study can be used as guidelines to ascertain CSFs for organizations and strategy planning.
Manufacturing organizations can also use this study to evaluate their organizational readiness and enhance the level
of automation further.
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1. INTRODUCTION

Industrial automation has evolved through many phases from automation in single production lines, to full-scale
computer integrated manufacturing systems over the past decades by replacing much of labour-intensive manual
processes and increasing the level of automation in many industries [1]. New digital technologies such as the
Internet of things, cyber-physical systems (CPS), and novel concepts such as the factory of the future, Industry 4.0
and cloud manufacturing (CMfg) have fuelled the hunger for further automation and maintain competitiveness in
the manufacturing sector [2]. Moreover, Industrial robotics, in the past 50 years, have significantly transformed the
manufacturing industries around the world by replacing humans in various repetitive, difficult, or dangerous tasks
and at present collaborative human-robot working environments are becoming increasingly popular due to
enhanced flexibility and efficiency [3]. It is further evident in the literature that these advanced manufacturing
systems which enabled an increased level of automation in the shop floor have paved the way to achieving the goal
of TQCSEFK (i.e. fastest time-to-market, highest quality, lowest cost, best service, greenest environment,
maximum flexibility, and highest knowledge) for modern manufacturing enterprises [4, 5] and therefore, embracing
automation is inevitable at present to survive in this fiercely competitive market.

However, automation is a complex process and according to Strménik and Cernetic [6], it belongs to the class of
most complex, demanding, and challenging human-machine systems. Therefore, careful attention is required to
properly balance the human-machine relationship in all phases of design, implementation, and operation. When it
comes to high volume, labour-intensive manufacturing industries, this is even more challenging. Labour-intensive
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manufacturing plays a major role in many developing countries even at present. For example, China which is
undoubtedly the manufacturing powerhouse in the world is still considered as a country that is at the forefront of
labour-intensive manufacturing [7]. Further, a significant portion of the materials required for many labour-
intensive manufacturing industries in developing countries such as Malaysia, Indonesia, and Sri Lanka are supplied
by China i.e. apparel, footwear, toys, furniture, etc. These countries all together cater the largest portion of the
worldly demand. Hence, automation and robotics play a significant role in assuring the sustainability of these
industries in the future. The adverse effects of lack of automation are very much evident, especially during the
COVID-19 pandemic. Many industries in developing countries were stranded due to their high dependency on
labour, lack of supply, and disrupted supply chains and authors believe the impact from such a chaotic worldly
event could have been minimized if these industries were automated but, unfortunately, it was not the case.

Therefore, this research was conducted to identify critical success factors (CSFs) which enable increased
utilization of automation and robotization in high volume, labour-intensive manufacturing in developing countries.
An extensive literature search was conducted by using research databases such as Scopus, Science Direct, and
Google Scholar to identify relevant past studies relating to CSFs. Analysis of CSFs and the valuable insights from
experienced professionals in numerous manufacturing industries from China, Malaysia, and Sri Lanka were taken
into account when answering the following research questions ‘Which CSFs must be considered to ensure a
successful implementation of automation and robotics?” and “What are the opinion and perception of academic
experts involved with the automation and robotics implementation in manufacturing settings?’

The authors thoroughly believe the findings of this study provide valuable guidance to any high-volume, labour-
intensive manufacturing industry to develop proper strategies and swiftly transform their manual processes into
efficient automated processes.

2. THEORETICAL BACKGROUND/LITERATURE REVIEW

A. Advance automation, robotics, and AMT in manufacturing

Automation is often seen as the go-to solution to achieve cost-efficient high-volume manufacturing and
alleviate humans from repetitive, heavy, or dangerous tasks. However, research has shown that increasing levels
of automation in unforeseen production situations may lead to production disturbances [8]. Therefore, when
implementing robotics and automation solutions in high volume, labour-intensive manufacturing industries, a very
important aspect is to understand the precise level of automation required to maximize the throughput while
taking steps to improve the efficiency of labour-oriented processes [9]. The importance of finding appropriate
levels of automation has been emphasised by many authors [10, 11]. A concept closely related to the
implementation of automation and robotics in manufacturing is Advanced Manufacturing Technologies (AMT)
which is defined as “an automated production system of people, machines, and tools for the planning and control
of the production process, including the procurement of raw materials, parts, and components, and the shipment
and service of finished products” [12]. Studies on AMT adoption is closely linked to that of automation projects in
industry settings [13].

Even though there is a surge in enthusiasm towards smart factories, factories of the future, cloud
manufacturing (CMfg) and Industry 4.0 at present, most of the sophisticated manufacturing systems available
today are not fully autonomous, rather, the production systems are semi-automated and humans still play a vital
role in tackling unforeseen scenarios. Therefore, both advanced manufacturing systems and skilled workers are
equally important to achieve flexible and efficient production [11]. Nevertheless, increased demand in
customization, time-to-market, and product complexities to match consumer requirements, have led to
increasingly complex production systems. Adding to that, ever-increasing wage rates in developing countries and
competition in the market, have compelled manufacturers to increase their level of automation every year.

The transformation of manual processes to fully automated manufacturing processes cannot be done feasibly in
one step. Parasuraman, et al. [10], describe automation as a continuum of levels, from fully manual processes
performed only by human operators, followed by intermediary levels where tasks are performed by both human



and machines (or computers), to the highest level of full automation performed only by machines (or computers).
After analysing different taxonomies presented by many authors for levels of automation (LOA) discussed in the
review paper by Vagia, et al. [14], taxonomy presented by Endsley and Kaber (1999) was identified as a suitable

taxonomy for the purpose of this study, which comprises 10 levels of automation as shown in Table 1.

TABLE 1: LEVELS OF AUTOMATION BY ENDSLEY AND KABER (1999) CITED IN VAGIA, ET AL. [14].

Levels Description Description

Level 1 Manual operation The human performs all tasks

Level 2 Action support The human still holds the main role and the system assists with the performance
of the selected action.

Level 3 Batch processing Human generates and selects the options to be performed, which are later on
turned over to the system to be carried out automatically.

Level 4 Shared control Both the human and the computer generate possible decision options and the
tasks are shared between the human and the system but the human retains full
control over the selection of options.

Level 5 Decision support The computer generates a list of decision options, which the human can select
from. The operator may generate options. Once the human has selected an
option, implementation is done by the computer.

Level 6 | Blended decision making | The computer generates a list of decisions and selects the most appropriate ones
but the task is carried out only after human consent. The human operator can
select other options if required.

Level 7 Rigid system The system presents only a limited set of actions to the operator. The operator
has little discretion on the options.

Level 8 Automated decision The system selects the best option to implement and carries out the tasks based

making upon a list of alternatives it generates.

Level 9 Supervisory control The system generates options, selects the options, and carries out the task. The
human intervenes only if necessary.

Level Fully autonomous The system carries out all actions.
10

B. Critical Success Factors (CSFs)

The beginning of the study on critical success factors (CSFs) can be traced back to 60 years ago with the work
of Daniel in 1961 from the field of management who had discussed “success factors” relating to industry [15].
Rockart who is one of the key pioneers on the subject of CSFs considers CSFs to be the limited number of areas
(factors) in which if they are adequate could ensure successful competitive performance for a company or
organization [16]. In other words,”.....few key areas, things must go right for the business to flourish” [16].
Therefore the understanding of CSFs is an important topic for managers and organizations if they seek to ensure
competitive performance of their unit. However, it is important to stress that CSFs are unique to a particular
situation and are not a standard set of “key indicators” [16]. The study of CSFs may have started from the
perspective of top management level but CSFs have now been studied at different levels and across different
industries or settings. Past studies have indicated an established link between CSFs and organization performance
[17]. Furthermore, CSFs can be either tactical or strategic [18]. In many cases, a combination of both tactical and
strategic CSF is required to ensure overall success [19]. Strategic CSFs are dominant in the initial phase of a project
or implementation while gradually the shift will be towards the use of tactical CSFs during the operational phase.
The study on CSFs has been acknowledged to be effective in improving the effectiveness of project implementation
although there is yet to be an all-encompassing list of factors agreed by all researchers that influence project
success [20, 21]



CSFs can be considered either at the industry level or alternatively be viewed at the organization or company
level [22]. Studies on CSFs have been implemented in a variety of disciplines including information systems,
project management, construction, manufacturing processes, business improvement, and technology
implementation. Specifically, there have been numerous studies on the topic of CSFs relating to the implementation
of automation, robotics, and advanced manufacturing technology AMT (see e.g. [1, 13, 23-26]).

3. METHODOLOGY

In order to extract the in-depth views of experts on CSFs for automation and robotics in high volume labour
dependent manufacturing industries, a qualitative approach was employed. First, a systematic literature search was
carried out by the authors that resulted in the identification of a number of past studies that are highly related to the
CSFs of automation and robotics project implementation in a manufacturing setting. These are highly related
studies on success factors and CSFs (see [1, 13, 23-26]). The findings provided the basis for the formulation of the
guide questions for the semi-structured interview of key professionals of the industry. To refine the questions, a
review discussion on the questions was initiated by the authors which enable some modifications to the initial
guestions. Some items were merged together as they were along the same direction, while repetitive items as well
as irrelevance items to the targeted area of study were deleted. Additionally, the terminology was also checked to
ensure that they matched the norm of the targeted scope of the study. A final list of 12 guide questions was
determined after these rounds of reviews and was used for the semi-structured interview process.

The interviews were purposefully selected, with invitations extended to experts who are active in the industry,
teaching and research on automation and robotics. A total of 15 relevant expert professionals were invited to
participate in the interviews. A covering letter explaining the purpose of the study was sent to each participant and
participation was voluntary and anonymous. The invited participants are key academics with industry knowledge
and exposure in the field of automation and robotics. Apart from actively conducting research in the field of
automation and robotics, these experts also had been involved with industries using automation and robotics either
from past working experience or industrial consultancy assignments.

As all of them accepted the invitation, a total of 15 semi-structured interviews were successfully conducted with
the experts. This enables the study to gather essential personal insights, opinions, and experiences of the experts
regarding critical success factors in the automation and robotics of production lines. These valuable inputs from the
experts were helpful to validate and affirmed the findings of the initial literature search.

The thematic analysis approach was used to analyze the interview outcomes. The thematic analysis approach is
widely used in qualitative research and enables the examining themes or patterns of meaning within the collected
detailed textual data [27]. Further details on the thematic analysis procedure are well presented in [27]. All the
recordings of the interview sessions were transcribed into text format. Next, a member of the research team had to
compare the transcript with the audio recording to ensure the correctness of the transcription process before
proceeding with the analysis stage. All researchers had also read through the transcribed interviews for accuracy
and raised any possible issues. Subsequently, each of the authors independently open coded the interviews to reveal
emerging themes and remarking anything that they believe to be related to the main research questions. The
research team next compared the notes, discussed, and adjusted the individual person coding for consistency. The
datasets were then next examined iteratively, enabling emerging themes to be developed further. Any linkages in
the text and themes were also openly discussed and debated among the researcher until a consensus is reached.

Guide Questions

1. What is/was your involvement in the automation of manufacturing processes?
2. How many vyears of industry/consulting experience do you have with automation or robotics in
manufacturing in total?



3. How do you rate the level of automation in the industry that you are/were involved with? (i.e. labour
intensive, semi-automated, fully autonomous)

4. What impact does advance automation & robotics implementation have on the manufacturing
company/industry strategy, culture, and structure?

5. How much prior experience the industry or company had with automation and robotics prior to the
implementation in the manufacturing processes?

6. Were changes required in the staffing strategy of the industry or company to successfully implement
automation of the manufacturing processes? How important is training for staff to prepare them for
automation & robotics in manufacturing processes?

7. How important is the readiness (or maturity) of the technology to ensure a successful implementation and
operation thereon? (i.e. off-the-shelf solutions vs customized solutions vs tailor-made solutions)

8. How essential is the support from the automation technology supplier (or vendor) to successfully implement
automated solutions in the manufacturing processes?

9. How important is the availability of the top management support to successfully implement advanced
automation solutions in the manufacturing processes?

10.How important is the availability of required financial resources for the implementation of advanced
automation and robotics in the manufacturing processes?

11.How important are project planning, management, and control when deploying automation and robotics
processes in the manufacturing environment?

12.Are there any other comments that you would like to make regarding the successful advance automation
and robotics' implementation in manufacturing processes?

4. RESULTS AND DISCUSSIONS

The selection of interview participants was contacted through the personal networks of authors in the
respective countries. The potential experts were known to the authors to be active in the areas of automation and
robotics relating to manufacturing, and there were questions in the interview sessions that relate to this profile. All
of the experts who were approached had accepted the invitation to participate. A review of the questions on
experience and involvement further confirms the initial choice of the selected interview participant by the authors
as they are all experienced persons with high familiarity on the topic.

All of the experts had been involved with automation and robotics environment of Level 2-9 based on the
taxonomy presented by Endsley and Kaber (1999) Vagia, et al. [14]. In other words, the automation was used
together with manual labor in the industry or companies that the experts were involved with.

The analysis of the inputs from the experts reveals several interesting aspects of the implementation of
automation and robotics in manufacturing processes in labour-intensive industry. All of the experts’ inputs were
first reviewed for applicability and later group into different themes. The study indicates that there are six key
themes of critical success factors that are vital towards the implementation of automation and robotics projects or
initiatives in high volume labour-intensive manufacturing industries.

A. Organization Strategy, Culture, and Structure

Most experts that contributed to this study agreed that change to the organization is inevitable with the
introduction of automation and robotics in manufacturing processes. How the organization and its staff react
towards the change has a key impact on the success of the implementation effort. The company may need to
implement changes to the organization structure to harness the maximum benefits from the implementation of
advanced automation technologies [22, 28, 29]. On the other hand, the compatibility of the technology with
current organization design is a key success factor for automation project implementation [30]. The large degree
of change affecting the organization from the implementation project would likely drive up staff fear and
resistance. Past research has indicated that organizations looking to implementing automation and robotics
successfully may need to redesign their organizational structure and organizational processes [31].



Additionally, the existing structure of the organization may affect the implementation of advanced
manufacturing technology automation [32]. The staff's expectation of the technology and the staff's fear of the
technology displacing them in the new structure must be adequately addressed. Moving towards the right
organizational structure would help a company be more successful in implementing automation and robotics in
manufacturing settings [33, 34]. However, full staff involvement, understanding, and support will also be critical
for success.

For long-establish organizations, existing or legacy company structure may not always be suitable for the
implementation of automated and robotics-based manufacturing settings. Boyer et al. had noted how reshaping the
company structure may potentially enable a smoother implementation of advanced automation for production
[35]. Implementing new advanced manufacturing technologies while failing to review and reorganize the
company structure leads to fewer benefits from the implementation [31]. The introduction of advanced automation
technologies in manufacturing could be successful if the existing organization structure could accommodate the
required changes. An existing company manufacturing strategy and initiatives can also be complementary to that
of advanced manufacturing technology and automation and initiatives such as those envisioned in Industry 4.0
[36], but proper review and consideration is essential.

The experts have also commented on the potential shift of company culture in terms of productivity and
efficiency. If the implementation of automation of manufacturing is seen as a manufacturing best practice, its
success would be highly dependent on the organization culture driving the implementation [37]. The impact of
organizational culture on the implementation of advanced manufacturing technology is evident [38]. Companies
with a more flexible organization culture adaptive to changes will be more successful in the implementation of
automation and robotics [25]. A number of the interviewees also indicated that if automation and robotics
implementation is part of the organization's vision and strategy, implementation success would be much higher.
This is in line with past research which acknowledges that the company strategy influences the successful
implementation of automation and robotics in manufacturing [39-41]. It is expected that organization strategy or
more precisely, the manufacturing strategy will have a direct influence on the success of automation and robotics
implementation in production.

B. Top management Support

Literature had indicated that top management support (TMS) and attitude towards advance manufacturing
technology automation plays a key role in ensuring the success of its implementation [42-46] and the findings of
this study reinforce that notion. All of the contributors to this study had stressed the importance of TMS in ensuring
the successful implementation of automation and robotics in a manufacturing environment. Furthermore, TMS is
considered to be the most important critical success factor for project or initiative success and is not just one of
many factors. [47].

All of these experts agreed that without TMS, implementation of automation and robotics in manufacturing
would likely fail. Some had commented that top management of the organization must have a good understanding
of automation and robotics implementation and must be able to link its importance to the organization strategy as
well. Top management provides leadership either directly or through delegation of authority to ensure the
implementation of automation or robotics project could progress smoothly and received the required cooperation
from the whole organization. TMS could help boost employee morale and provide influence or leverage to the
change implementation [48, 49] brought upon by the introduction of automation. The availability of support would
lead to wider participation and support from all stakeholders in the company or organization to ensure the success
of the implementation.

Top management should not only be considered as the provider of financial resources but also as the authority
to be able to influence the organization, gather further support, provide strategic direction and further directives
needed for the implementation of transformative automation and robotics project in manufacturing. Top
management commitment in supporting automation and robotics implementation in manufacturing provides



leadership and direction for the whole organization staff to support the implementation effort. Organizational
members or staff resistance is a top reason for change implementation projects failure [50]. Apart from changes in
the organization structure and culture from the implementation of advanced automation in manufacturing,
management must seek to build up mutual trust and cooperation in the organization to ensure success [51].

C. Past Experience, Staffing, and Learning

The introduction of automation and robotics creates a significant change to an organization, likely changing the
working environment for many of the staff there. The level of change from automation implementation will depend
on the company's prior experience (and its staff) with automation and robotics. Prior or past experiences with the
usage of automated processes and robotics will enable an easier learning curve for the organization in the
implementation of more advanced solutions. The experts consulted agreed with the idea that a gradual change in
the introduction of automated solutions will be a better approach to ensure success. Changes in an organization,
including that of its manufacturing process and strategy, should be a gradual shift and takes into account the level
of organizational learning that occurs [52]. Prior experience with simpler forms of technology may help the
implementing organization to gather relevant knowledge and experience which will gradually enable it to move on
to more complex generations of automation solutions [53]. Some of the existing manual tasks and responsibilities
will be displaced and replaced by automation processes. The implementation of automation and robotics in
manufacturing would require more skilled workers who should be entrusted to manage and operate the associated
equipment or resources [54].

Staff with new skills and knowledge are needed by the implementing organization where the following
approaches may be taken to address this. The organization could upskill its existing workers to the level needed for
the operations of automation solution and also change the organization staffing strategy where staffs with a higher
education and skill level are recruited into the organization. The likelihood as agreed by the experts that
participated in this study is that the combination of both higher educated staff and manual labour staff will still be
required for the organization as the journey to full automation of manufacturing is a long and iterative process.
Even in a fully automated process, there could still be a need for manual labour intervention in some supporting
and auxiliary roles.

Organizations will also need to invest in training and continuous development of their workforce to harness the
maximum benefit of the automation of production. Education and training is an important asset for manufacturing
organization and has been proven to enhance the performance over firms in complex manufacturing environment
[55, 56] which is evident with the introduction of automation and robotics-based manufacturing process. Moreover,
staff training and education for new technology implementation are positively associated with productivity
performance [57]. Without the proper support and training for the workers, introducing new manufacturing
technology will be a challenging affair [58]. Past research has indicated that training is an important aspect of the
introduction of advanced manufacturing technology [59, 60].

D. Project management, planning, and control

The experts interviewed also shared the importance of having proper planning and project management in place
for the implementation of automation and robotics in manufacturing. It has been noted that proper planning is an
important requirement for the success of advance manufacturing technology implementation [61]. Implementing a
more advanced level of automation and robotics in a manufacturing environment will likely need to be carried out
as a series of projects with proper planning and control in order to ensure success. For larger organizations and
companies, this is well-rooted in the company structure and culture; however, it may be a big challenge for smaller
organizations due to the initiative's scale and complexities.

Selecting the right people and forming the right project team was also mentioned as a key part of a successful
initiative. The presence of a project “champion” could also help boost the performance of the project
implementation [13, 62]. The experts sharing their experiences had indicated that project teams with members from
different disciplines and stakeholders in the organization could smoothen the implementation project. However,



this again requires a strong “champion” for the team and TMS to be truly effective. Some organizations would have
been accustomed to the scale and complexities involved with the implementation project, while the smaller
organization would consider the implementation project to be very challenging. The project management, planning,
and control setup in a larger organization are more established than that of SMEs [63]. Proper project management,
planning, and control enable the delivery of the expected outcomes and within the required budget and time.
Experts also agreed that the success of the implementation of automation in manufacturing is not guaranteed by the
availability of resources allocated to it, but by the proper management and control of the available resources.

E. Finance and resources availability

The response from the experts covered by this study indicates that financial matters are a key determinant in
the outcomes of automation and robotics implementation. All of the experts had the opinion that automation will
require sufficient funding and the cost will not be a nominal sum for most of the organizations involved. It has
been demonstrated that cash flow strength has a profound effect on the decision to upgrade manufacturing
technologies [64]. Larger organizations will fare better as they have a better ability to plan and to source for the
required funds to implement automation and robotics initiatives. However, no matter the size of the company,
planning in advance for the initiative and the budget required is key. In advanced technology manufacturing
investment, proper planning and financial analysis could ensure the success of the initiative [65].

Most of the respondents had touched on the financial side of resources needed for successful implementation;
however, the physical and non-financial resources such as available space, expertise, experience, management
know-how, planning, and human resources are also essential. These and more are covered by the other themes
identified in this study. Conventional financial techniques may not be adequate to effectively analyze the viability
and benefits of advanced manufacturing automation projects [66]. Additionally, it was noted from the interview
sessions that proper provision of financial resources should focus not only on acquiring the physical hardware and
equipment but also for the proper operation and maintenance as well. Some companies implemented automation
and robaotics as a series of small projects, while others prefer a transformative large scale project. In the latter case,
seeking the right and sufficient financial resources is even more essential. The involvement of the finance
department or personnel in justification activities will have a positive impact on overall advanced manufacturing
automation project implementation performance [67].

Some experts had also suggested the use of cost-benefit analyses, return on investment, and other accounting
tools in organizations or industries to help plan for automation project implementation. Prior to the
implementation of the automation project, this information could serve as an important tool to obtain buy-in and
support from top management for the project implementation. After implementation, the performance of the
automation implementation can still be systematically tracked and reported for management consideration. There
are many past studies which had focused on specific tangible measures of advance manufacturing technology
including automation implementation benefits from a financial performance perspective [38]. These serve as a
good reference for future project consideration.

F. Technology maturity and vendors support

With the advancement of new technologies, modern-day manufacturing automation is focused on the possibility
of end-to-end horizontal integration of processes utilizing digital technologies such as cyber-physical systems,
machine-to-machine communication, internet of things, cloud computing, and wireless sensor networks to attain a
higher level of automation, flexibility, and efficiency in production floor or even across multiple distributed
manufacturing plants. According to an expert, considering the latest developments in smart digital technologies,
Industries are willing to participate in implementing low readiness technologies, provided there is a strong potential
for financial return. CPS and CMfg are considered key enablers of the fourth industrial revolution (Industry 4.0)
[68]. However, according to Leitdo, et al. [69], there are many challenges faced during the application of industrial
automation using new complex technologies such as CPS at present (Table 2), and similarly, CMfg is a new



manufacturing paradigm which has not reached maturity [70]. Therefore, increased maturity of technology plays an
important role in the successful utilization of digital manufacturing automation.

TABLE 2: KEY CHALLENGES IN INDUSTRIAL CPS, ADAPTED FROM LEITAO, ET AL. [69].

Area Key Challenges Maturity

CPS Capabilities Real-time control of CPS systems 4-7 years
Real-time CPS SoS (System of Systems) 3-5 years
Optimization in CPS and their application 4-7 years
On-CPS advanced analytics 3-5 years
Modularization and servification of CPS 3-5 years
Energy-efficient CPS 3-5 years

CPS Management Lifecycle management of CPS 5-8 years
Management of (very) large scale CPS and CPS-SoS 5-8 years
Security and trust management for heterogeneous CPS 5-8 years

CPS Engineering Safe programming and validation of CPS SoS 5-10+ years
Resilient risk-mitigating CPS 5-10+ years
Methods and tools for CPS lifecycle support 3-7 years
New operating systems and programming languages for CPS and CPS- | 3-6 years
SoS 3-6 years
Simulation of CPS and CPS-SoS

CPS Infrastructures Interoperable CPS services 2-5 years
Migration solutions to emerging CPS infrastructures 3-6 years
Integration of heterogeneous/mobile hardware and software technologies | 2—4 years
in CPS 3-5 years
Provision of ubiquitous CPS services 3-6 years
Economic impact of CPS Infrastructure

CPS Ecosystems Autonomic and self CPS 7-10+ years
Emergent behaviour of CPS 7-10+ years
CPS with humans in the loop 2-5 years
Collaborative CPS 5-8 years

CPS Information | Artificial intelligence in CPS 7-10+ years

Systems Cross-domain large-scale information integration to CPS infrastructures 6-9 years
Transformation of CPS data and information analytics to actionable | 4-8 years
knowledge 6-10+ years
Knowledge-driven decision making/management

This was agreed by many of the experts in this study as they believe that priority should be given to mature
technologies as high volume manufacturing companies cannot afford to have failures. It was also emphasized that
failed automation due to lack of readiness might even lead to a total production stop situation that negatively
impacts the profitability of the company. Therefore, understanding the readiness of innovative manufacturing
technologies is crucial for industrial decision-making [71]. However, on some occasions, mature technologies
might not be able to meet industry requirements. This was highlighted by an expert saying new products that are
manufactured often need new technologies, and therefore, staff members from the organization will be working
closely with equipment technology vendors in most cases years in advance to develop the right technology that
meets the production needs. Nevertheless, many experts agreed that off-the-shelf solutions or customized solutions
with mature technology would benefit the organization since they can be operationalized in a short period of time
compared to tailor-made or in-house developed solutions using new technologies. It is also important to note here
that not only the maturity of technology but also the organizations' technological readiness play an important role in
successfully adopting modern technologies [70, 72].

The successful deployment of complex systems will not be possible without the support from vendors. Vendor
support was highlighted as one of the key success factors in implementing ERP systems in many literature[73] and
many experts agreed on this. The reason was highlighted by an expert in this manner “we need support from the



supplier mainly because these automation technologies are relatively new for many industries and we need support
to grasp the knowledge and to get machine operationalized as soon as possible. Machines usually come with
detailed documentation like manuals but still without proper commissioning support, since we don’t have enough
experience in automation, it can become very challenging”. Therefore, it is evident in literature and verified by the
experts that technology readiness (or maturity) and vendor support is a critical success factor for successfully
implementing robotics and automation in high volume labour-intensive manufacturing industries at present and in
the future.

G. Summary

The experts who participated in this study provided an insightful account and opinion of the CSFs related to the
implementation of advanced automation and robotics in a manufacturing environment. CSFs identified using an
extensive literature search in this study agreed with the key inputs given by experts during the interviews. The CSFs
were grouped in the following themes, Organization Strategy, Culture, and Structure; Top management support;
Past experience, staffing, and learning; Project management, planning and control, Finance, and resource
availability; Technology maturity and vendor support. Notably, all of the experts had felt strongly on Top
management support as the most influential factor in their view but were also quick to add that ultimate success in
implementation would still not be possible if the rest of the other factors were neglected. It is evident from the
analysis that CSFs are interrelated, and discussion in the proposed themes could enable a better understanding of
what would make production process automation project initiatives successful. Additionally, as the world moves
towards high-performance manufacturing in the era of Industry 4.0, it is essential to note that automation and
robotics technological factors alone will not be sufficient to ensure efficiency and competitiveness. Understanding
the interplay of a host of factors will be essential.

5. CONCLUSION

This study had explored the CSFs of implementing automation and robotics in a high volume labour-intensive
manufacturing environment. Using a mix of literature search and interviews with key experts related to the topic
of study, this study had presented six key themes of CSFs relevant to the successful implementation of automation
and robotics in a high volume labour-intensive manufacturing environment. The experts that participated in the
interviews had all agreed with the initial findings from the literature search on what contributes to successful
implementation outcomes. Although the experts agree that all of the areas brought up are critical to success, some
factors are considered by them to be more important than others. The top success factor emphasized by them is top
management support, which is in agreement with the literature on CSFs. It was also shown that the
implementation of automation and robotics in a manufacturing environment is a complex task, and success cannot
be guaranteed by a single factor or two. Instead, multiple factors need to be considered, and often, the factors are
interrelated, as shown by the six CSFs themes presented in this study. Findings from this study will be helpful for
academics and industrial practitioners when discussing CSFs and the planning of manufacturing organization
strategies relating to automation and robotics. There is a recent resurgence of interest on the use of automation and
robotics, as discussed in the many literature relating to Industry 4.0, Cloud Manufacturing, Industrial Internet of
things, and much more. Further research on the CSFs of automation and robotics implementation will definitely be
required in an ever-changing digital manufacturing era.
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