1SSN 1980-5411 (On-line version)
Production, 31, €20200120, 2021
DOI: 10.1590/0103-6513.20200120

O
‘DUCTION

Systematic Review

-
»
o
°
<

-
>
o

Australian manufacturing industry: a 20-year scoping
study on barriers, opportunities and trends for its
strategic development

Guilherme Tortorella®™* @, Wen Li?, Jo Staines®, Roberto Vassolo®
“The University of Melbourne, Melbourne, Australia
"Universidade Federal de Santa Catarina, Floriandpolis, SC, Brasil
“Universidad Austral, Buenos Aires, Argentina
*gtortorella@bol.com.br

Abstract

Paper aims: This study aims at identifying the barriers, opportunities and trends for the strategic development of the
Australian manufacturing industry.

Originality: As research on Australian manufacturing is prolific and sparse, our study helps to clarify whether and how
important research findings on Australian manufacturing replicate.

Research method: For that, we conducted a scoping review on literature evidence published in the last twenty years.
We systemically compiled the body of knowledge and proposed research directions in accordance with five global
manufacturing megatrends.

Main findings: We identified eight barriers/challenges and eight opportunities according to manufacturing sectors and
analyzed them based on their emphasis on these global megatrends. Literature emphasis has not been equally distributed
over time, highlighting the need for further research.

Implications for theory and practice: We suggested three main directions for future studies; they were: () digital
transformation of manufacturing; (/) sustainable operations in end-to-end service-integrated manufacturing; and (i)
interrelation between socioeconomic characteristics and strategic critical success factors. Further, the body of knowledge’s
systemic compilation has led to new conceptual and theoretical insights in light of global megatrends.
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1. Introduction

Manufacturing is a relevant component of the Australian economy since it is the seventh-largest employer,
the sixth-largest for output, and has the highest business expenditure on research and development (Al Group,
2019). The manufacturing industry also has strong links throughout the Australian economy through the flow
of skills, knowledge and goods, using materials and services from other industries (e.g. mining and information
and communications technologies) and providing manufactured products such as fertilizer to agriculture, or
structural steel to construction (Australia, 2018). Having a diversity of activities, the leading manufacturing
sectors in Australia are food and beverage, pharmaceuticals, chemical, and non-metallic minerals (Manufacturers’
Monthly, 2019).
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Although the Australian manufacturing industry successfully overcame many challenges over the past years,
its economic representativeness has reduced significantly (Yigitcanlar et al., 2019). For instance, in the 1960s,
the contribution of manufacturing to Australian gross domestic product (GDP) was about 30% (Australia, 2004).
This value has continuously dropped since then, achieving 6% approximately in 2018 (Al Group, 2019). Two
main aspects may explain the reduction of this economic representativeness. The first one is the rapid increase
in the contribution of the service sector, which employs almost 80% of the labor force and comprises more
than 60% of Australian GDP (Australia, 2018). This trend on services has also been observed in other developed
economies, such as USA, UK and Germany (United Nations Conference on Trade and Development, 2017). The
second one is losing some key manufacturing companies in some industries, such as automotive and textile
(Mazzarol, 2014; Centre for International Economics, 2017).

There is an alternative perspective among academics and practitioners that claims the Australian manufacturing
industry is undergoing a significant change as novel digital technologies and new markets emerge (Foley &
McLean, 2016; Commonwealth Scientific and Industrial Research Organisation, 2016). Aspects such as high
wages, geographical remoteness, small and dispersed domestic market, and shifts in consumers’ preferences
are also driving the transition of Australian manufacturing. Manufacturing is not a basic industry that employs
low-skilled and low-paid workers anymore (Manufacturers’ Monthly, 2019). According to the Al Group (2019)
report, Australian manufacturing has faced some fundamental rebalancing concerning its sectors, products,
technologies, and supply chains as a response to long-term local and global structural shifts. This change has
been most prominent in food, beverages and groceries manufacturing, and in their respective supply chains.

Although recent studies report some trends and expectations on Australian manufacturing (e.g. Commonwealth
Scientific and Industrial Research Organisation, 2016; Al Group, 2019), most academic works approach it from
an isolated or narrow perspective lacking a systemic and holistic view of the current barriers and opportunities
for its strategic development (Samson & Gloet, 2018). Such a gap promotes misguided and biased directions that
hinders the successful resumption of the Australian manufacturing industry (Lobo et al., 2012; Jayaram et al.,
2014; Hu et al., 2019). Hence, the misalignment and randomness of research on Australian manufacturing
prevent from precisely identifying implementation trends, opportunities, and challenges, leading to possible
confusion and theoretical spraying of the research topic.

These theoretical and conceptual gaps become even more critical when considering the manufacturing
megatrends and how they affect the Australian context. According to Singh (2012), Esposito & Tse (2018)
and Kalaitzi et al. (2020), megatrends global, sustained and macroeconomic forces of development that
affect businesses, economies, societies, cultures and personal lives, thus influencing our future world and the
encompassed changes. As time passes, global megatrends evolve according to different phenomena (Westkamper,
2014; Abele et al., 2019). The challenge relies on knowing how to read these megatrends so that companies can
strategically anticipate their improvement efforts to gain competitive advantages worldwide (Hajkowicz, 2015;
Biswas, 2018). Hence, identifying barriers, opportunities, and trends for Australian manufacturing’s strategic
development in the face of those megatrends is vital.

We acknowledge that, although this understanding is particularly relevant for the Australian manufacturing
industry’s strategic development, which is undergoing significant changes (Commonwealth Scientific and Industrial
Research Organisation, 2016), it is also relevant to other national contexts. The Australian socioeconomic context
resembles many other countries, such as Canada, New Zealand, UK and Switzerland (McMillan & Western, 2000;
Australian Bureau of Statistics, 2011; Organisation for Economic Cooperation and Development, 2020). Thus,
the Australian manufacturing context can be used as a proxy for those countries, and findings may apply to
a broader scenario providing the basis for a future theoretical and empirical generalization (Teng et al., 2014;
Popa et al., 2018). Based on these arguments, we formulate two main research questions:

RQ1. What are the main barriers/challenges, opportunities and trends for the strategic development of the Australian
manufacturing industry?

RQ2. How do these barriers/challenges, opportunities and trends fit within the global manufacturing megatrends?

This paper aims at identifying the barriers, opportunities and trends for the strategic development of the
Australian manufacturing industry. For that, we conducted a scoping review, which is a method that systematically,
explicitly and reproducibly identify, evaluate, and synthesize the existing studies produced by researchers, scholars,
and practitioners (Fink, 2005). Scoping studies are particularly suitable when the research landscape vastly and
sparsely differs in terms of concepts and approaches (Okoli & Schabram, 2010; Siddaway et al., 2019). Besides,
it provides a broader understanding of the extent, nature, and quality of evidence concerning the research
topic, highlighting gaps between what is known and what is not (Arksey & 0'Malley, 2005; Cooper, 2015).
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Scoping studies are a relatively new approach to evidence synthesis. Currently there is little guidance regarding
the decision to choose between a systematic review or scoping review approach when synthesizing evidence
(Munn et al., 2018). Nevertheless, the pervasiveness of scoping reviews on topics related to Operations and
Supply Chain Management, Industrial Engineering and Manufacturing is extensive (e.g. Seo-Zindy & Heeks,
2017; Hariharasudan & Kot, 2018; Borges et al., 2019; Rosen & Wischniewski, 2019; Tortorella et al., 2019),
which illustrates the relevance of such a methodological approach to the field.

Because the literature on Australian manufacturing is prolific and multidisciplinary, we focused on evidence
published in the last twenty years, as more recent studies are likely to lead to new insights and are often widely
read (Ridley, 2012; Peters et al., 2018). Besides, our focus on the current megatrend makes it unnecessary to
expand the analysis too far in time. Thus, our study helps to elucidate whether and how relevant research
findings on Australian manufacturing depict, systemically compiling the body of knowledge and proposing
research directions in accordance with global manufacturing megatrends.

2. Global manufacturing megatrends

The role played by the manufacturing industry has been changing over time, although it remains fundamental
to both emerging and developed economies (Biswas, 2018). The manufacturing industry has passed through an
enormous shift resultant from automation, innovation, high flexibility, agility and efficiency. Further, manufacturers
need to be experienced in technology because of the quick technological changes and competitive pressures
(Agarwal et al., 2018). Besides, market volatility, resources shortage and geographical distance have increased
the complexity, uncertainty and interdependence of manufacturing value chains (Tortorella & Fogliatto, 2008;
Silveira et al., 2016). Therefore, manufacturers need to reformulate their value chains’ processes and strategies
in the face of global megatrends (Pagliaro, 2019; Abele et al., 2019).

Global megatrends entail a global structural change in almost all manufacturing sectors that influence
technologies of products and processes, human labor, management, and resources. Different studies diverge
in their observations about megatrends. Lopez-Gomez et al. (2013) reported eight megatrends affecting the
manufacturing sector at the global level. Later, Lopez-Gémez et al. (2017) revised these indications and added
another six megatrends, which are displayed in Table 1.1t is worth noticing that global megatrends might slightly
differ depending on certain aspects (e.g., manufacturing sector). For instance, Stank et al. (2015) discussed
fifteen megatrends that are likely to affect supply chain management until 2025, taking both a practitioner and
an academic perspective. Specifically, in terms of the Fourth Industrial Revolution, the World Economic Forum
(2019) suggested that three technological megatrends are the critical drivers for manufacturing transformation:
connectivity, intelligence, and flexible automation. Manufacturers that embraced these megatrends have observed
a significant positive impact on performance (World Economic Forum, 2019).

The pervasiveness of global megatrends can also vary according to the socioeconomic context in which
manufacturers locate. Particularly for the European manufacturing industry, Westkdmper (2014) suggested eight
megatrends that will influence its strategic development towards the 2030 vision: (1) ageing of population;
(7 individualism and customization; (/) knowledge in information and communication technology (ICT);
(") globalization of manufacturing ecosystem; (v) high level of urbanization; (vi) sustainability of products,
processes and services; (vii) turbulent finance markets; and (vii}) public debt of State. Commonwealth Scientific
and Industrial Research Organisation (2016) developed guidelines for a 20-year development horizon of the
Australian manufacturing industry, in which it identifies five global megatrends:

(i) Made to measure: represents the change from mass production of goods to bespoke solutions caused by advances
in technology and greater consumer expectations;

(i7) Supply chain transformations: denotes the greater collaboration and vertical integration levels promoted by
specialization and technological advancements, respectively;

(i) Sustainable operations: indicates the trend to search for more effective and sustainable processes and operating
models due to resources shortage and highly valued environmental and social credentials;

(iv) Smart and connected: relate to the optimization of operations across the manufacturing value chain and the
shop floor considering advances in data capture and analytics; and

(v) Service expansion: refers to the expansion of manufacturers’ role in the value chain from producing ‘widgets’
to developing closely integrated service-product bundles.
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Table 1. Global manufacturing megatrends according different authors.

Lopez-Gomez et al.

(2013)

Westkdamper (2014)

Stank et al. (2015)

Commonwealth
Scientific and
Industrial Research
Organisation (2016)

Lopez-Gomez et al.
(2017)

World Economic
Forum (2019)

-Demographics

-Changing consumer
habits

-Accelerating
production life cycles

-Globalization

-Urbanization

-Sustainability

-Threats to global
stability

-National industrial

-Ageing of population

-Individualism and
customization

-Knowledge in 1CT

-Globalization of
manufacturing
ecosystem

-High level of
urbanization

-Sustainability of
products/processes/
services

-Turbulent finance
markets

-Public debt of State

-Glocal optimization

-Intelligent value co-
creation

-Talent management

-Flexible network
integration

-Transformation

-Relevant value
measurement

-Total value
orientation

-Autonetic technology

-Made to measure

-Service expansion

-Smart and connected

-Supply chain
transformations

-Sustainable
operations

-Continuing ageing
of the workforce in
developed countries

-Growing demand for
customized products
-Changing
manufacturing skills’
needs

-Growing interest
in industrial and
technological
strategies

-Increasing demand
for manufactured
goods in cities
-Increased efforts to
support reshoring to
developed countries

-Connectivity

-Intelligence

-Flexible automation

'DUCTION

policies
-Systemic focus
-Prognostic agility
-Information synthesis
-Vested relationships
-Demand shaping
-Risk prognosis
-Prostainability

Although these global manufacturing megatrends differ from each other, they commonly indicate movements
on customization, connectivity and intelligence, and sustainability. Besides, since our study focuses on the
Australian context, we further analyze the literature according to the five global manufacturing megatrends
proposed by Commonwealth Scientific and Industrial Research Organisation (2016).

3. Research design

Scoping studies have become an increasingly popular method for synthesizing research evidence (Daudt et al.,
2013; Munn et al., 2018), as they map the existing literature in a field of interest in terms of the volume,
nature, and characteristics of the primary research (Arksey & 0’Malley, 2005). This methodological approach
can be useful when the topic has not yet been extensively reviewed or is of a complex or heterogeneous nature
(Mays et al., 2001; Pham et al., 2014), which is the case of Australian manufacturing development. Scoping
studies are generally performed to summarize and disseminate research findings, and identify research gaps in
the existing literature (Arksey & O’Malley, 2005; Levac et al., 2010). As it provides a rigorous and transparent
method for mapping the areas of research (Pham et al., 2014), we understand that a scoping review would be
more suited to our research purpose and would help address the aforementioned research questions.

The research method has five main steps (Arksey & 0’Malley, 2005): (1) identification of research questions;
(77) identification of important works; (/i) selection of works; (i) charting of data; and (V) collating, summarizing
and reporting results. In step (1), we identified essential aspects of the research topic to formulate the research
questions that would guide the search strategies used here (Cooper, 2015). As indicated in the introductory
section, we established two main research questions that motivated our study. To address those questions,
we carried out a structured method that allowed us to raise robust evidence and findings, as detailed in the
subsequent sections.

The step (1) of the scoping review demands identifying important literature, regardless of the methodological
approach (Peterson et al., 2017). We conducted our search throughout March 2020. As the review evolved,
familiarity with the research topic increased, resulting in a two-stage search. This is a standard procedure followed

Production, 31, 20200120, 2021 | DOI: 10.1590/0103-6513.20200120 4/18



........

by similar studies (e.g. Tortorella et al., 2019) that mitigates the issue of the search string being overly specific
or entailing misleading buzzwords.

We initially determined two research dimensions associated with the research questions: Australia and
Manufacturing. We combined a set of keywords (“Australia” AND “manufactur*” AND “industr*”) to retrieve
studies that utilized them in the title, abstract and/or keywords. The application of the AND operator in the
search procedure minimized misleading outcomes. Following Borges et al.’s (2019) recommendations, we used
three databases to search for scientific articles: Scopus, Compendex (Engineering Village), and Web of Science.
Because this first stage sought to validate the initial set of keywords, we did not apply any filtering criteria to
the search. In total, we retrieved 2,187 publications from the three databases, divided as follows: 905 from
Scopus, 255 from Web of Science, and 1,207 from Compendex. In the second stage, we randomly picked five
different articles from each database to compare their keywords with the ones from the research dimensions
initially utilized (Borges et al., 2019). As the research on the studied topic is vast and scattered, taxonomies
may differ and compromise the search. However, the comparison of these 15 manuscripts did not show any
significant differences in the used keywords. Hence, we assumed the initial set was adequately defined, therefore
we did not insert additional keywords.

In step (i), two of the authors concurrently selected the studies. To include them, they both should agree
to select them (Cooper, 2015). Several methodological procedures outline how to structure and report this
step. We followed the guidelines from the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA), since it is widely useable across various research fields and fosters the establishment of a rationale and
planned methods for the review (Siddaway et al., 2019). PRISMA comprises four stages: identification, screening,
eligibility, and inclusion (Moher et al., 2009). From the 2,187 publications initially retrieved, we examined only
articles in English published in peer-reviewed journals, which results in 1,179 articles. Although the utilization of
grey literature is sometimes recommended depending on the research topic (Siddaway et al., 2019), we did not
include it due to a lack of comparable search strings. Then, we removed duplicate publications, which reduced
to 593 articles with their titles checked concerning alignment with the research dimensions. Next, we focused
on evidence published in the last twenty years (i.e. after 2000), reducing the list to 277. Since we aimed at
comparing the barriers, opportunities and trends in Australian manufacturing with current global megatrends,
recent studies would provide more appropriate indications, while older studies could lead to outdated and,
consequently, misleading findings. This justifies the utilization of articles published in the last twenty years.

These 277 works had their keywords and abstracts verified for alignment with the research topic (i.e., we
checked whether these keywords/abstracts explicitly mentioned Australian manufacturing development), resulting
in 125 articles and ending the screening stage. Next, these 125 articles went through the eligibility stage in
which their full texts were analyzed for alignment with the research topic (i.e., we verified if these articles
really focused Australian manufacturing industry), and 102 publications remained. We then assessed articles in
terms of their relevance (e.g. generalizability, report and intervention quality, and authors’ conflict of interest)
and methodological rigor (e.g. study design’s appropriateness and adequate sample size for achieving research
objectives, respondents’ selection methods, response rate, and measurement of variables) (Okoli & Schabram,
2010). Whenever authors did not reach a consensus on a particular article, the third author was invited to
review the article and a decision was made by majority vote. 18 publications were withdrawn based on these
criteria. We examined the references of the remaining 84 articles to check for relevant works frequently cited
but not yet added in our review. The quantitative analysis of references did not result in the inclusion of any
study, and the literature portfolio used in the study comprised these 84 studies (Abbott, 2019; Alaouze, 2003;
Athukorala et al., 2017; Baird et al., 2011; Barnes, 2017; Beaumont, 2005; Beer, 2018; Black et al., 2015;
Boaden & Sims, 2000; Boer et al., 2005; Bonn, 2000; Caldera et al., 2018; Cantu et al., 2015; Clibborn, 2012;
Cooney; 2002; Correia et al., 2020; Craik, 2015; Cripps et al., 2009; Dargusch & Ward, 2010; Feng et al.,
2008; Fraser et al., 2013; Given, 2017; Gregory & Sohal, 2002; Grodach & Martin, 2020; Gu & Yan, 2017;
Hampson, 2012; Hasan et al., 2011; Hu et al., 2019; Jackson et al., 2018; Jayaram et al., 2014; Joiner et al.,
2009; Jones, 2005; Kara & Kayis, 2007; Karim et al., 2008; Kayis & Kara, 2005; Kiridena et al., 2009; Le &
Valadkhani, 2014; Leahy et al., 2010; Liu & McMurray, 2004; Lo & Power, 2010; Lobo et al., 2009, 2012, 2018;
Logue et al., 2015; Low et al., 2007; Marks, 2009; Mo, 2009; MoosaviRad et al., 2014; Nelson et al., 2007;
0’Connor et al., 2015; Olive, 2008; Oliver & Walpole, 2017; Penesis et al., 2017; Perera et al., 2019; Prajogo,
2006, 2007; Prajogo et al., 2012; Qureshi & Evans, 2015; Reid, 2001; Schliephake et al., 2009; Sharma, 2003,
2004; Sheather, 2002; Singh & Power, 2014; Smith, 2007; Smith et al., 2010, 2015; Sohal & Terziovski, 2000;
Sohal, 2001; Sohal & Terziovski, 2000; Sohal et al., 2001, 2002; Soosay et al., 2016; Stewart, 2016; Teng et al.,
2014; Teo et al., 2011; Truett & Truett, 2017, 2018; Tung et al., 2011; Turnbull et al., 2016; Van der Eng,
2017; Watts et al., 2014; Weller & O’Neill, 2014; Wright et al., 2011).
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In step (), we charted and synthesized key data from the literature portfolio so that we could establish the
grounds to interpret and consolidate findings (Levac et al., 2010). A descriptive-analytical method was conducted
(Arksey & 0’Malley, 2005), enabling a broader view of literature portfolio. Due to our study’s objective, we
organized publications in a spreadsheet based on authors, years of publication, journals, manufacturing sectors,
barriers/challenges, opportunities, and trends. 1t is worth mentioning that barriers/challenges were considered
exogenous obstacles to manufacturing organizations that prevent their strategic development; and opportunities
were deemed endogenous circumstances that manufacturers could address to foster their strategic development.

In the final step (v}, we collated, summarized and reported results in accordance with five global manufacturing
megatrends (Commonwealth Scientific and Industrial Research Organisation, 2016): (/) made to measure, (/1)
supply chain transformations, (/i) sustainable operations, (i) smart and connected, and (V) service expansion.
To enhance the consistency of the narrative report of the investigated literature, we performed two additional
analyses (Levac et al., 2010). In the first one, we carried out a descriptive numerical summary and thematic analysis
to collate and summarize results. The summary brought information on key characteristics of the literature (e.g.
publication years, authors, journals, manufacturing sectors, etc.), partially supporting the answers to RQ1 and
RQ2. The thematic analysis qualitatively examined articles’ contents, raising conceptual and theoretical insights
on the research topic, and complementing the answer to RQ1. Further, it helped to report and categorize the
emphasis of both barriers/challenges and opportunities according to global megatrends, providing arguments
to answer RQ2. The examination of such emphases was performed based on the frequency analysis of articles
from the literature portfolio that approached those barriers/challenges in light of each megatrend. In the second
one, we discussed in a broader context practical and theoretical contributions of our findings, increasing the
scoping review’s legitimacy (Arksey & 0’Malley, 2005). Such discussion also allowed us to identify research gaps
and propositions of directions for further works.

4, Results

Figure 1 shows the descriptive numerical summary of the literature portfolio. Research on the Australian
manufacturing industry has slightly increased over the past twenty years, evidenced by the positive slope of the
trend of the number of publications per year. 1t is worth mentioning that the number of publications in 2020
might be affected by the period of sifting of the databases (i.e. March 2020), which suggests that more articles
would be found had this search was performed later in the year. Further, the literature portfolio presented a
total of 159 authors, from which 22 contributed with two or more articles and the remaining 137 participated in
only one publication. The scattered distribution of researchers typically characterizes the incipience of a research
topic. A similar distribution was found with respect to journals in which most studies have been published. 54
journals presented only one article, while 11 journals published two or more studies on the topic. The aim and
scope of these 11 journals vary between two main streams. The first stream of journals publishes studies on
innovation management, design of products, optimization of manufacturing processes and logistics systems,
formulation of strategies and policies on manufacturing, and new technologies integration (e.g. International
Journal of Operations and Production Management and International Journal of Production Research). The

No. ofpublcaions

, N
Othors m—
No. of publications

E

g

5 5

S

b=}

4 L I S e T o ES

<

3.4 3 S

| | | | Z

2 2

5'98

Manufacturing sector

Year of publication Author

No. of publications

3 4 3 3 3 2 2 2z 2 2 2

| -_— — — — — — — —_— — —
Int.J Int. J. Int.J. 1. Cleaner I Applied Australian Economic Industrial Int. J. Quality Technovation Others
Operations and ~ Production ~ Technology ~ Production ~Manufacturing ~ Economics  Economic  Analysisand Management and Reliability
Production ~ Research  Management Technology History Review  Policy andData  Management

Management Management Systems
Journal

Figure 1. Quantitative analysis of the literature portfolio. Note: Publications from 2020 are not entirely considered since the
search in the databases was conducted in March 2020.
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second one mainly focuses on the application of economic, social and business analyses to specific problems
in both public and private sectors (e.g. Applied Economics and Economic Analysis and Policy). In general, the
dichotomization of publications between both streams points that this topic has been approached either from
an operations and supply chain management perspective or from a social and economic standpoint, lacking an
integrated and systemic approach related to the key aspects of the Australian manufacturing industry. With respect
to manufacturing sectors, most studies did not address any particular sector and approached the manufacturing
industry in a general sense. Among the studies that focused on a specific sector, the automotive industry has
surprisingly stood out. Although the last automobiles manufactured in Australia rolled off the assembly line
in the end of 2017, publications on this manufacturing sector continued to occur (e.g. Beer, 2018; Truett &
Truett, 2018) and to raise attention from academicians. In total, eleven manufacturing sectors were explicitly
discussed in the literature portfolio, reasonably representing the Australian manufacturing industry spectrum.

Tables 2 and 3 consolidate the thematic analysis of barriers/challenges and opportunities, respectively, for the
strategic development of the Australian manufacturing industry. We divided the literature based on the emphasis
on each manufacturing sector and indicated the citation frequency accordingly. Based on the literature portfolio,
eight barriers/challenges were prominently cited from which the small size of the Australian market (b,) seemed
to be the most cited one (29 citations), negatively affecting the development of industries such as automotive,
textile, clothing and footwear, metal-mechanics and electronics. According to Truett & Truett (2017, 2018), the
small size of the Australian market limits the capital expenditure efforts to increase manufacturers’ capacity. To a
certain extent, this fact also diminishes the attractiveness of Australia as a manufacturing hub, especially in the
production of low value-added goods (Stewart, 2016; Turnbull et al., 2016). The second barrier that stood out
the most was the manufacturing industry dominated by subsidiaries of multinationals (b]], which refers to the
fact that very few manufacturers have ownership in Australia. This barrier implies that most of the knowledge
remains abroad, not contributing to the local development of specialized technical teams (Baird et al., 2011;
Van der Eng, 2017; Pancholi et al., 2019). Further, as the headquarter of these multinationals are mostly outside
Australia, decisions about the future of these manufacturers are unlikely to consider socioeconomic implications
to local communities and businesses (Le & Valadkhani, 2014; Craik, 2015).

With regards to opportunities for the strategic development of Australian manufacturing, the adoption
of continuous improvement practices (03] was the most cited one (28 citations), with particular relevance to
food, textile, clothing and footwear, metal-mechanics, furnishing and automotive (even though this last one
has no longer manufacturers located in Australia). Literature reported some consistent initiatives related to the
adoption of practices from improvement approaches such as total quality management (Fraser et al., 2013), lean
manufacturing (Mo, 2009), supply chain management (Schliephake et al., 2009), among others. Despite this
evidence, researchers (e.g. Prajogo et al., 2012; Lobo et al., 2018) claim that, in general, Australian manufacturers
still present a low maturity level and need to reinforce the adoption of these practices so that they fully benefit
from them. The second opportunity with the highest number of citations was to foster the development of local
partnerships (o,). This opportunity has a close connection with both aforementioned barriers. The development of
local suppliers and partners that can satisfactorily meet requirements on quality, cost, delivery, etc., contributes
to a stronger domestic value chain (Perera et al., 2019; Abbott, 2019), mitigating the effects from the size of
the Australian market and the dominance of multinationals.

Finally, we analyzed the emphasis of these barriers/challenges and opportunities for the strategic development
of Australian manufacturing according to the five global manufacturing megatrends. Figure 2 displays the
trends on literature emphasis throughout the last twenty years. For barriers/challenges, researchers have
focused on them from the perspective of the megatrend supply chain transformations; i.e. barriers/challenges
were most frequently discussed from the supply chain transformations standpoint. The concurrent trends on
vertical integration, enabled by advanced 1CT, and supply chain collaboration, promoted by greater market
specialization, have led manufacturers to focus on specific niches in which the same firm can design, prototype
and produce a product in a close relationship with the end consumer (Commonwealth Scientific and Industrial
Research Organisation, 2016). In this sense, it is reasonable to expect that some barriers/challenges such as
b, and b, were extensively discussed, emphasizing the difficulties that they may generate to this supply chain
transformation. Further, existing import/export taxation (b,) also plays a key role in this transformation, since
it might impair the collaboration with suppliers/customers that are not located in Australia (Weller & O’Neill,
2014; Logue et al., 2015).

1t is worth mentioning that the emphasis of barriers/challenges according to global megatrends does not
appear to have an equal distribution throughout time. While made to measure, supply chain transformations
and service expansion seem to be consistently emphasized over the last twenty years; smart and connected
and sustainable operations are more recently referred to. The associations between barriers/challenges for the
strategic development of Australian manufacturing and megatrends smart and connected and sustainable
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operations were first evidenced in 2005 and 2007, respectively. However, they seem to have evolved differently
over the past few years. Although the first one has had a steady and modest emphasis in the literature, the
second seems to be gaining more importance in the discussion of barriers/challenges. For instance, sustainable
operations accounted for half of the literature emphasis in 2019, evidencing the increasingly research attention
(e.g. Hu et al., 2019). Thus, due to the relatively little evidence and modest emphasis over the past years, one
might assume that there is still much to understand the barriers/challenges related to smart and connected.

In terms of Australian manufacturing opportunities, trends in literature emphasis are slightly less contrasting.
Overall, supply chain transformations was the most emphasized global megatrend with respect to opportunities,
followed by made to measure and service expansion. Interestingly, opportunities from the perspective of smart and
connected seem to be discussed since early 2000s (e.g. Sohal, 2000). However, with the beginning of the Fourth
Industrial Revolution (World Economic Forum, 2019) one would expect that the emphasis on this megatrend
could significantly increase over the past years, which was not observed in our literature portfolio. In fact, the
association between opportunities and this megatrend was relatively steady in these twenty years, surprisingly
suggesting that researchers did not pay much attention to this megatrend within the Australian manufacturing
context. In opposition, opportunities, such as o -more emphasis on leadership development (Qureshi & Evans,
2015; O’Connor et al., 2015) and o,-foster systematic knowledge-sharing practices (Jackson et al., 2018;
Correia et al., 2020), have been increasingly discussed from the perspective of sustainable operations. Analogously
to barriers/challenges, the discussion of opportunities from sustainable operations standpoint was more recently
observed but lately received much emphasis within the Australian manufacturing context.

Overall, Table 4 summarizes the main barriers and opportunities in Australian manufacturing industry and
categorizes them according to each global megatrend.

Table 4. Main opportunities and barriers categorized according to global megatrends.

Commonwealth

Lopez-Gomez et al. Scientific and Lopez-Gomez et al. World Economic

Westkamper (2014) Stank et al. (2015)

(2013) Industrial Research (2017) Forum (2019)
Organisation (2016)
-Demographics -Ageing of population -Glocal optimization =~ -Made to measure -Continuing ageing -Connectivity
of the workforce in
developed countries
-Changing consumer  -Individualism and -Intelligent value -Service expansion -Growing demand for  -Intelligence

habits

-Accelerating
production life cycles

-Globalization

-Urbanization

-Sustainability

-Threats to global
stability

-National industrial
policies

customization

-Knowledge in 1CT

-Globalization of
manufacturing
ecosystem

-High level of
urbanization

-Sustainability of
products/processes/
services

-Turbulent finance
markets

-Public debt of State

co-creation

-Talent management

-Flexible network
integration

-Transformation

-Relevant value
measurement

-Total value
orientation

-Autonetic technology

-Systemic focus

-Prognostic agility

-Information synthesis

-Vested relationships
-Demand shaping
-Risk prognosis

-Prostainability

-Smart and connected

-Supply chain
transformations

-Sustainable
operations

customized products

-Changing
manufacturing skills’
needs

-Growing interest
in industrial and
technological
strategies

-Increasing demand
for manufactured
goods in cities

-Increased efforts to
support reshoring to
developed countries

-Flexible automation
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5. Research directions

Based on the descriptive numerical summary and thematic analysis of the literature portfolio, we identified
three main research directions for better understanding the strategic development of Australian manufacturing
industry. These directions are subsequently presented and discussed.

5.1. Digital transformation of manufacturing

As manufacturers worldwide start to join the Fourth Industrial Revolution (also referred to as Industry 4.0)
by integrating disruptive 1CT into products, processes and services, business models and performance standards
are supposed to be significantly affected (World Economic Forum, 2019). Much evidence has been generated on
Industry 4.0 and the benefits envisioned from its adoption to various manufacturing sectors (Lopes & Barbosa,
2014; Pagliosa et al., 2019) and socioeconomic contexts (Rossini et al., 2019). However, when considering
the Australian manufacturing context, which is similar to the Canadian, New Zealander, Swiss and Spanish,
literature is still scarce and little emphasis has been placed on the subject. This could be observed by the trends
on barriers/challenges and opportunities in relation to the megatrend smart and connected (see Figure 2).

The convergence of technologies such as wireless sensors, collaborative robots, additive manufacturing,
embedded systems and interconnectivity is allowing the integration of real-time information throughout
manufacturing and supply chain operations (Commonwealth Scientific and Industrial Research Organisation, 2016).
This digital transformation is leading to interconnected smart factories that constantly measure and calibrate
themselves to maximize efficiency. Additionally, the digitization of manufacturing has further implications on
employees and the cognitive systems used to adapt and learn from past experiences. However, most studies
have been conducted in high value-added manufacturing contexts (e.g. automotive and aerospace), and it is
not entirely clear how manufacturers of low value-added goods (e.g. furnishing and ceramics) can also benefit
from digital transformation.

As the Australian manufacturing industry is reasonably composed of both high and low value-added
manufacturers, future studies could verify the differences that such contexts would entail in their digital
transformation. Moreover, research could be performed to check how the digitization of Australian manufacturing
would encourage the establishment of knowledge-intensive industries, which is highly associated with the
technological advances from Industry 4.0 and a key opportunity identified in our scoping study. This particular
opportunity would also be valid for manufacturing contexts such as the Swiss and South Korean. 1t is also
worth noticing that researchers could address the sociocultural changes generated by Australian manufacturing
digitization, comparing them with other socioeconomic contexts (e.g. Nascimento et al., 2019) and raising
original findings to manufacturers of different technological intensities and tier levels.

Transition of literature emphasis on Australian manufacturing barriers/challenges according to global megatrends Overall lterature emphasis on Australian manufacturing
barriers/challenges according to global megatrends

6
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

OMadetomeasure W Supply chain OSustai perati BSmart and connected B Service expansion

Transition of literature emphasis on Australian manufacturing opportunities according to global megatrends Overall ]iterah.xr.e eulphas'§ on Australian manufacturing
opportunities according to global megatrends

15%
0% * J
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

OMadetomeasure  WSupply chain transformations O Sustainable operations ~ BSmart and connected B Service expansion

Figure 2. Literature emphasis on Australian manufacturing barriers/challenges and opportunities according to global megatrends
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5.2. Sustainable operations in end-to-end service-integrated manufacturing

With the population growth, there is a significant increase in the demand for manufactured goods, leading
to rapid industrialization. To support such an increase, resources (e.g. energy, water, minerals) will have a greater
need, despite the limited supply in the natural world (Silva et al., 2016; Caldera et al., 2018). This fact arouses
concern with specific practices and management approaches that allow manufacturers to become socially,
environmentally and financially sustainable (Soosay et al., 2016; Jones & Zubielqui, 2017). Over the last decade,
researchers have put an increasingly attention on this perspective, as observed in Figure 2. However, those studies
have focused on manufacturers as a single echelon of the supply chain, neglecting other concurrent trends such
as vertical integration and servitization of the Australian manufacturing industry (Commonwealth Scientific and
Industrial Research Organisation, 2016).

As the scope of manufacturers becomes broader, their assignments begin with research and development,
pass through manufacturing and assembly, and end with advertising, marketing and after-market services
(Al Group, 2019), characterizing an end-to-end manufacturing. Additionally, as highlighted by Given (2017)
and Athukorala et al. (2017), manufacturers need to move from a product-centered organizational model to a
customer-oriented business, in which competitiveness will be sought based on a subtle balance between lower
cost products and higher quality services enhancing market orientation. Thus, the combination between vertical
integration and servitization results in a greater challenge for the development of sustainable operations, whose
focus needs to be expanded way beyond the usual factory boundaries.

Future studies could approach such issue, merging concepts of sustainability and circular economy
(Lietal., 2016; Hu et al., 2019) with servitization (United Nations Conference on Trade and Development, 2017)
and supply chain management (Dargusch & Ward, 2010; Lo & Power, 2010) within Australian manufacturing
context. Similarly, in countries where urbanization plays a vital role (e.g. Canada, New Zealand, and Switzerland),
manufacturing operations lose areas and are prone to mix with large cities. In this scenario, the relevance of
sustainable operations in end-to-end service-integrated manufacturing substantially increases. Furthermore, as
the number of consumers who do not wish the financial and environmental burden related to product ownership
increases (Commonwealth Scientific and Industrial Research Organisation, 2016), Australian manufacturers must
reconceptualize their products and services into a collaborative consumption adapting themselves to a sustainable
sharing economy (Matzler et al., 2015). Therefore, there are many opportunities for researchers to explore this
direction through complementary approaches such as empirical and analytical studies.

5.3. Interrelation between socioeconomic characteristics and strategic critical success factors

A key issue for the strategic development of organizations relies on their capability of maintaining resources,
processes and services up to date with changing contextual dynamics, also denoted as dynamic capabilities (Helfat
& Winter, 2011). Dynamic capabilities concern a company’s capacity to perceive new opportunities in its context
and use them to motivate adaptation, integration, and reconfiguration of such resources, processes and services
ensuring its long-term success (Salvato & Vassolo, 2018). Due to our study’s purpose, contextual dynamics may
be understood as economic and social characteristics and trends of Australia, while an organization’s resources,
processes and activities might be labelled as critical success factors of manufacturers.

Dynamic capabilities might be seen from multilevel perspectives: organizational and individual level. The
former entails higher-level view of organizational routines or decision-making rules (Schilke, 2014). The latter
interprets dynamic capabilities as activities that support decision-making processes grounded on the skills of
one or a few senior managers (Helfat & Peteraf, 2015). Understanding this multilevel nature of organizational
adaptation processes is at the root of successful change (Salvato & Vassolo, 2018). An analogous interpretation
can be made from the analysis of our scoping review. As evidenced in the literature portfolio, research on
Australian manufacturing has been conducted from one of the two perspectives; either researchers approach
the subject from an economic level exclusively relating their findings with economic aspects, or they narrow
their studies on endogenous strategic factors that may be critical for companies’ success.

The existence of such dichotomous approaches focusing just on one level of analysis entails both theoretical
and practical gaps, undermining the establishment of a systemic and holistic understanding of the critical
success factors for manufacturers’ strategic development. In this sense, we suggest that future research could
address this view by examining the interrelation between socioeconomic characteristics of Australia and the
strategic critical success factors, determining the levels and orientation of this association across different
manufacturing sectors. This research opportunity is also applicable to similar economies, such as New Zealand
and the UK. Moreover, this multilevel analysis might be expanded to the understanding of the relationship of
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particular organizational routines and broader environmental changes. While addressing multilevel analysis
generates non-trivial empirical challenges, they also offer unique opportunities for understanding how the
manufacturing sector in socioeconomic contexts that resemble the Australian can overcome barriers and take
advantage of global opportunities.

6. Conclusions

This paper aims to identify the barriers/challenges, opportunities and trends for the strategic development
of the Australian manufacturing industry according to five global megatrends. A 20-year scoping study was
conducted so that the body of knowledge could be systemically compiled, and a research agenda proposed.
Eight barriers/challenges and eight opportunities were consolidated according to manufacturing sectors and
analyzed based on their emphasis on five global megatrends.

In terms of theoretical implications, our study evidenced that the emphasis of previous research has not been
equally distributed over time, highlighting the need for further studies. More specifically, we suggested three main
directions for future studies; they were: (/) digital transformation of manufacturing; (/7) sustainable operations
in end-to-end service-integrated manufacturing; and (7/7) interrelation between socioeconomic characteristics
and strategic critical success factors. The body of knowledge on the Australian manufacturing industry has
been randomly developed and often disconnected from the upcoming global megatrends. Our research has
compiled this body of knowledge so that the trends, opportunities, and barriers for Australian manufacturing’s
strategic development could be compared with the global megatrends. To the best of our knowledge, there is
no previous study that provides similar theoretical outcomes.

Regarding practical contributions, identifying opportunities, barriers, and trends of Australian manufacturing
allows organizations to verify potential issues that undermine their competitiveness in the current global scenario,
prioritizing managerial efforts that can anticipate and curb those issues. Moreover, the investigation on the
proposed research directions can provide manufacturers timely arguments to support their growth in face of
the socioeconomic and political changes implied by the global megatrends. Therefore, our study enlightens
new paths for Australia’s manufacturing industry and other countries with similar characteristics (e.g., Canada,
New Zealand, and Switzerland) to compete worldwide.

Some limitations of this research are worth mentioning. The first one is related to the search procedure.
Because databases were accessed in March 2020, articles published after this month were not considered. This
drawback influenced both quantitative and qualitative analysis of this year. Further, we accounted for only
three databases. Although they are widely deemed from the academic perspective, additional databases and grey
literature could present relevant articles that were not included in our literature portfolio. A second limitation
concerns the global megatrends utilized to frame our thematic analysis. As evidenced in Table 1, there is no
clear consensus on the actual global manufacturing megatrends, and those are constantly being reassessed. Our
findings are somewhat restricted by the global megatrends identified by Commonwealth Scientific and Industrial
Research Organisation (2016). Therefore, the utilization of additional megatrends might raise complementary
insights that were not identified in our study. Finally, Australian researchers and institutes have contributed to
a growing body of manufacturing knowledge that is rather global-oriented than a localized solution. A further
extension of work within this particular context would draw a more complete picture of research activities in
Australia and other similar manufacturing scenarios, such as Canadian and New Zealander.
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