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Abstract. The so-called fourth industrial revolution or Industry 4.0 (14.0), with
its potentially disruptive technologies, is changing the way we socialise, live and
work and provides opportunities for organisations to innovate and disrupt. Alt-
hough organisations are acknowledging the emergence of 14.0 and realise the
importance of being ready for its impact, better understanding is required of the
potential of 14.0 and its holistic impact on organisations. In this paper, we con-
ducted a systematic literature review to identify all 14.0-related organisational
aspects, such as an 14.0-relevant strategy, digital business model innovation,
technology investment optimisation, workforce management complexity, digital
eco-systems, technology-centric convergence, virtual model and physical envi-
ronment linkage, value chain digitalisation and product portfolio innovation. Fur-
thermore, we presented these 14.0 organisational aspects identified in a concep-
tual model based on the components of organisational strategic alignment. By
using such a conceptual model, organisations can ensure that both optimisation
and new opportunities enabled by 14.0 are leveraged and that a relevant, strategi-
cally aligned approach to 14.0 may be considered.

Keywords: Industry 4.0, Fourth Industrial Revolution, Strategic Alignment,
Organisational Context, Conceptual Model

1 Introduction

The term Industry 4.0 was formalised in 2011 in Germany at the Hannover Messe
[1-3]. Industry 4.0 or the fourth industrial revolution is marked by a fast change in
technologies that are changing the way we socialise, live and work [4]. Disruptive tech-
nologies emerging from 14.0, such as the internet of things (loT), internet of services
and cyber-physical systems (CPS), present new ways in which organisations can con-
duct business [5]. Organisations require a detailed strategic and technological plan to
optimise the benefits of 14.0 and to become digital organisations [6, 7].

Although the term 14.0 is used in an organisational context, there is no accepted
definition for 14.0 [4, 7-10]. Bér et al [4] classified 14.0 as a rapid change in technology,
whereas Geiller et al. [11] associated 14.0 with certain technological advancements
such as 10T and CPS. Badri et al. [1] and Lezzi et al. [12] take a different view and
propose that 14.0 refers to the unity of the manufacturing industry with so-called smart
technologies such as loT and CPS. Further definitions of 14.0 include “cutting-edge and
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disruptive technologies” [13], “end-to-end digitisation of all physical assets and pro-
cesses” [14] and “sum of all disruptive innovations derived and implemented in a value
chain to address the trends of digitalization” [8]. We need to understand what the unique
14.0 organisational aspects are and consider how these unique aspects affect strategic
alignment in organisations. Therefore, the focus of this paper is on contributing to the
discourse on what 14.0 is from an organisational perspective, by considering the fol-
lowing research question: “What are the unique 14.0 organisational aspects and how
do these unique aspects affect strategic alignment in an organisation?”” We reflect on
this research question by considering an overview of 14.0, by understanding the nature
of 14.0 in an organisational context and by considering the impact of strategic align-
ment.

In this paper we firstly provide an overview of literature in section 2, followed by
the research approach in section 3. In section 4 we present a discussion on the data
analysis and findings, while section 5 details the contribution of the study. Section 6
concludes the paper.

2 Background

Scholars report on four major industrial revolutions. As early as the 18" century, the
first industrial revolution occurred [5]. With the introduction of steam-powered ma-
chines, production was decoupled from the physical limitations of humans. In the 19%
century, the introduction of electricity created faster and more compact machines, lead-
ing to the second industrial revolution. The third industrial revolution was marked by
the development of electronic circuits leading to assembly lines becoming more and
more automated. Automation presented opportunities for optimisation of machines and
processes [5]. The 14.0 is a relatively new concept first mentioned in Germany in 2011
and contrary to the other three industrial revolutions, its impact is not yet fully known
[2, 7, 9]. The focus on connectivity and communication makes 14.0 intrinsically differ-
ent from the other three industrial revolutions [15]. In section 2.1 we give a short intro-
duction on what 14.0 is, followed by section 2.2, where we consider the organisational
context of 14.0, and section 2.3, in which we discuss strategic alignment.

2.1  Overview of 14.0

The world is experiencing revolutionary advances in science and technology [16].
In a progressively digital world, organisations have invested significantly in technolo-
gies to keep ahead of competitors and potential disruptors [17]. First-order disruption
includes localised change within a market, where a particular technology is disruptive.
Second-order disruption influences many industries and substantially changes societal
norms and institutions, where technologies disrupt social interactions and relationships,
organisational structures, institutions and public policies [18]. The aim of 14.0 is to
realise improved operational efficiency and productivity [19]. This could be achieved
through features such as digitisation, optimisation, production customisation, automa-



tion and adaptation [19, 20]. Furthermore, human-machine interaction enables en-
hanced value-added services, automatic data exchange and communication [20]. These
features are also strongly associated with industrial value-adding processes, knowledge
management, internet technologies and advanced algorithms [20] and applied across
three areas of impact, namely integration of value chains (e.g. 10T, cloud computing,
etc.), digitisation of offerings (e.g. augmented reality, smart sensors, big data analytics),
and digital business models and customer access (e.g. authentication, artificial intelli-
gence, etc.) [21, 22].

2.2 Organisational context of 14.0

In order to realise 14.0 alignment, organisations need to manage multiple internal
and external factors to enhance business value and create a sustainable competitive ad-
vantage [23]. Specific factors include horizontal, vertical and digital integration and
areas of standardisation enabling organisations to connect to one another easily [24].
Organisations will have to manage multiple complexities, namely complex systems, as
it is required to develop and apply new models and methods [25]; comprehensive in-
frastructure consisting of a high-quality information network and internet connectivity;
security and privacy, enforcing data protection [12]; work organisation and design, as
the roles of the employees change [26]; new and relevant legal frameworks [1] and the
effective use of resources [24]. Organisational performance in this new era requires
managing teams of highly specialised technical experts, as well as employees trained
to operate in the new technological revolution, with specific profiles that are currently
non-existent [27, 28]. In the next section we consider strategic alignment in organisa-
tions.

2.3 Strategic alignment in organisations

Organisations employ strategic planning to define direction and to guide decisions
on resource allocation to pursue their strategy [29, 30]. Strategic planning provides a
sense of direction, outlines measurable goals in an organisation and guides day-to-day
decisions [29]. Furthermore, strategic planning is concerned with the definition of
changes that may be informed by changing market conditions, competitor activity and
technology advancement — typically aspects encompassed by 14.0 [29, 31]. For organ-
isations to manage all the multiple internal and external factors described in the previ-
ous section strategically, strategic alignment must be achieved at both enterprise and
departmental level [32], across four domains of strategic choices, namely strategy exe-
cution, technology potential, competitive potential and service level [31]. Strategy ex-
ecution refers to business strategy as a driver of both organisational design choices and
information system infrastructure, while technology potential involves the articulation
of an information technology strategy in support of the selected business strategy [31,
32]. Competitive potential as alignment perspective is concerned with the exploitation
of emerging information technology capabilities that affect key attributes of strategy,
such as distinctive competencies, and it has an impact on business scope, such as new
products and services, and business governance, which includes the development of



new forms of relationships [31, 32]. The service level focuses on establishing a world-
class technology organisation within an organisation and focuses on the effective use
of IS resources, as well as responsiveness to the fast-changing demands of end-users
and customers [31, 32]. Achieving and sustaining strategic alignment in organisations
are influenced by a rapidly changing operating environment enabled by 14.0 aspects
such as workforce skills and change capacity, business process automation, multiplicity
of digital business models, and the variety and expectations of different customer seg-
ments [30, 32]. Therefore, 14.0 aspects must be considered across all four domains of
strategic choices to achieve strategic alignment [29, 31].

3 Research Approach

The objective of this paper is to present the unique 14.0 organisational aspects, in-
cluding the way in which these unique aspects affect strategic alignment in an organi-
sation. In order to achieve the objective, a systematic literature review (SLR) was con-
ducted to identify the components of a guiding conceptual model [33, 34]. The aim of
an SLR is to gather, evaluate and synthesise the existing body of completed and rec-
orded work produced by researchers, scholars and practitioners [34]. An SLR must be
conducted based on a rigorous, stand-alone and systematic methodological approach
[33, 35]. Specifically, we followed the methodological approach suggested by Boland,
Cherry and Dickson [36], consisting of three main stages: planning the review (defining
the research objectives and the review protocol), conducting the review (selecting the
primary studies and extracting the data) and reporting the review (disseminating the
report) [35, 37]. Technical reports, books and specific scientific databases were chosen
for the SLR process. The databases presented in Table 1 provided access to high-quality
peer-review content and were therefore chosen for the SLR. 14.0 is known by many
terms, including 41R and the ‘fourth industrial revolution’. To include all references to
14.0, the search terms were chosen as: ‘4ir and "strategic alignment" and organisation’,
“"fourth industrial revolution" and "strategic alignment" and organisation”” and ‘"14.0"
and "strategic alignment" and organisation’”’. Using all the search terms listed and only
including sources from 2011 onwards, as this was the date when the term 14.0 origi-
nated, a result set of 301 papers was identified, as shown in Table 1.

Table 1. Total number of papers found per database

Total papers found matching key- Total after first inclusion and
Database

words exclusion criteria
ScienceDirect 97 32
SpringerLink 64 22
EBSCOhost 31 16
IEEE Xplore 9 5
Emerald Insight 100 29
Total 301 104

The initial research studies extracted (301) were screened by applying specific
criteria such as non-English studies, anecdotal or opinion-based papers, unobtainable



papers and duplicate studies that formed part of the result set. Inclusion criteria
consisted of peer-reviewed publications and technical reports relevant to the research
question. After the initial search, as well as the application of inclusion and exclusion
criteria, 104 publications were selected (Table 1 last column). We concluded a detailed
screening of abstracts and analysis of the full text of the prospective papers, after which
35 papers were coded and themed. Sixty-nine papers were excluded based on criteria
such as studies not associated with the research question, theses or dissertations and a
keyword mismatch, e.g. where both “industry” and “4” appeared in a paper, but in an
unrelated context.

4 Data Analysis and Findings

The aim of this paper is to consider the unique 14.0 organisational aspects and to
reflect on the impact of these unique aspects on strategic alignment in organisations.
Themes and main themes were identified in the selected studies through a two-step
process: firstly, descriptive codes were used to identify themes [38] and secondly, open
coding was used to identify emerging main themes [39]. Table 2 depicts the emerging
themes and main themes, as well as the reference.

The first emerging theme is external drivers, i.e. drivers external to the organisation
related to the job market and the particular market and industry sector. It is acknowl-
edged that 14.0 may create new jobs and change current jobs to the extent that employ-
ees must either be retrained or upskilled. Job market disruptions may enforce greater
worker independence, require increased workforce cognitive load, necessitate work-
force augmentation and emphasise increased autonomy. Another external factor is
global market and industry sector disruption. Organisations are forced to meet the ever-
changing demand of consumers and must navigate the transformation of the market,
industry and business sectors. Traditional markets and industries are challenged by in-
novations and an increased rate of change in technology. At a strategic level, organisa-
tions need to consider an 14.0-relevant strategy. Such a strategy brings about a potential
competitive advantage gain, additional organisational value creation, organisational
agility enablement and strategic objective optimisation. New technology changes the
rules of the global market and therefore organisations are empowered to create new
business value. As organisations embrace the new strategies and agility, there may be
an organisational structural alignment trade-off where particular internal structures
need to be revised to carry out the 14.0 relevant strategy. The business value theme
highlights opportunities for business improvement, whether it is internally focused (in-
creased effectiveness and efficiency) or related to digital business model innovation
(harnessing 14.0 technologies). Internal effectiveness and efficiency improvement are
fundamentally based on the value capitalisation of knowledge held in the organisation,
while digital business model innovation may inherently be based on technology invest-
ment optimisation. The workforce emerging theme is internally focussed and deals spe-
cifically with the transformative and disruptive nature of 14.0 on the workforce of an
organisation. The impact of this includes not only environmental innovation potential,



productivity improvement, required skills, and education alignment, but also manage-
ment complexity and workforce well-being. Complexity is created as managers must
now manage teams with different skills, in agile and fast-paced environments requiring
socially sustainable work systems, as well as agile environmental change response. As
there is greater emphasis on collaboration and transparency, organisations must con-
sider workplace ergonomics, workforce flexibility and motivation, change appetite and
the impact on governance. Digital technologies enable environments in which work-
force productivity can be improved through automation with a consequent impact on
role and responsibility definition. Furthermore, productivity changes require a different
skill mix, demanding essential problem-solving, critical thinking and design thinking

abilities.

Table 2. 14.0 aspect themes and sub-themes extracted

Main Theme Theme References
External driv-  Job market disruption [5, 22, 40-44]
ers Market and industry disruption [1, 4,13, 14, 26, 42-47]
14.0 relevant Competitive advantage gain [4, 6]
strategy Organisational agility enablement [5, 7,22, 26, 45]
Organisational structural alignment trade-offs [26, 45, 46]
Organisational value creation [26, 45]
Strategic objective optimisation [6, 7,12, 14, 42, 46]
Business Business opportunity improvement [4,7,12, 45, 48]
value Digital business model innovation [4,5,7,8,11, 13, 22, 26, 42, 46, 47]
Increased entrepreneurial activity [43, 47, 49]
Knowledge management value capitalisation [10, 25, 42]
Technology investment optimisation [40, 45]
Workforce Work environment innovation [1, 13, 25, 41, 45]
Workforce education alignment [1, 13, 22, 25, 44, 46]
Workforce management complexity [1,5,7,13,22, 25,41, 42, 44, 46]
Workforce productivity improvement [12, 25, 41]
Workforce skills qualification [1, 5, 25, 40-44, 46]
Workforce well-being improvement [5, 41]
Technology Digital eco-systems [3,7,8,12,13,22, 25, 46, 48, 50-52]
Information technology security consideration [42]
Technology-centric convergence [5, 12, 15, 25, 26, 42]
Virtual model and physical environment link-  [1, 7, 22, 25, 41, 50]
age
Customer Customer experience differentiation [4, 26, 46]
value Customer-organisation interaction improve- [4]
ment
Process Process optimisation [3, 4, 7-9, 22, 25, 40, 42, 44-46, 53-
55]
Value chain digitalisation [1, 4, 45, 48]
Data Big data management [3,9, 13, 22, 25, 42, 51, 53]
Data-driven decision-making [1,8,10, 12, 25, 42, 53]
Product and process big data generation [11,12]
Organisa- Human-centric design transformation [7, 8,25, 40, 41, 53]
tional change  Organisational culture change expectations [44]
Tension impact of emerging versus legacy in-  [7, 26]
frastructures
Product Product customisation [3, 45, 50]

Product portfolio innovation

[3-11, 13, 40, 42, 43, 46, 48, 50, 53]




From a technology perspective, digital eco-systems are enabled where strategy,
channels, people and technology are connected within an organisation or across multi-
ple organisations in the eco-system, emphasising security implementation concerns. As
the digital technologies inform change, transformation may be based on technology-
centric convergence, especially in instances where there is a blurring between virtual
and physical worlds (digital twins) or where the digital world is translated to the phys-
ical one (3D printing). Customer value, the manner in which it is defined and how or-
ganisations view it, is centred on customer experience and the interaction between the
organisation and the customer. Exceptional customer experience not only creates satis-
fied customers, but also leads to a competitive advantage gain. As more organisations
adapt to 14.0, differentiating factors between organisations are dependent on customer
experience, as improved customer satisfaction attracts more customers and retains ex-
isting ones. 14.0 presents opportunities for organisations not only to optimize their pro-
cesses, but also to digitise their entire value chain. Changes such as manufacturing pro-
cess automation and digitisation can boost manufacturing efficiency. Technologies of
14.0 can enable innovation and adoption of business processes, as well as automation
of work processes. Digitisation of products, processes and systems allows organisations
to gain better insight into their business operations, leading to accuracy and precision
improvements, preventive step monitoring and automation of information technology
innovations. Integration with the processes of other organisations becomes possible,
creating improved cross-function and eco-system collaborations. Better processes lead
to the evolution of business analytics and implications for lean practices.

Large volumes of data are one of the key characteristics of 14.0. Big data manage-
ment enabling data-driven decision-making, as well as product- and process-related big
data generation, requires organisations to build capabilities to process vast amounts of
data. Not only must big datasets be collected by an organisation, but these datasets also
need to be converted, harnessed and interpreted in near-real time in order to generate
relevant insights. Furthermore, process- and product-related data analysis informs pro-
cess automation opportunities, enabling advantages such as service level improvement,
inventory reduction and shorter time to market. Technologies such as CPS and loT can
be used to monitor production lines and product quality. However, organisations must
be aware of the impact on computational power that data-driven decision-making re-
quires, as well as the governance, security and management of such collected data. Or-
ganisational change has an impact on several levels; firstly, the organisation must mi-
grate from legacy technology to future technology with consequent impacts on pro-
cesses, products, data and the workforce. New technologies create new avenues for
organisations to pursue new and better products through product customisation and
product portfolio innovation. Organisations must cater not only for the needs of the
individual customer, but also encourage customer collaboration as well as creating op-
portunities for quality, customised products. Such flexible product portfolios offer a
competitive edge, while product design, planning and production are becoming more
customised as well. Product lines experience short production lifecycle changes often
enabled by robotisation. However, this will require organisation of wide-ranging



changes in manufacturing operations and technology, providing opportunities for prod-
uct and device miniaturisation, production of products via advanced ICT and product-
tracking possibilities.

5 An 14.0 Conceptual Model

Using the themes derived during the thematic analysis (Table 2) and the strategic
alignment domains (section 2.3), the 14.0 aspects derived were arranged in a conceptual
model from an organisational perspective depicted in Figure 1.

The conceptual model is built across the four domains of strategic choices, namely
strategic execution, technology potential, competitive potential and service level (sec-
tion 2.3). The strategy execution domain employs business strategy as a driver of both
organisational design choices and information systems infrastructure. Under strategic
execution, organisations must focus on external factors, 14.0-relevant strategy and busi-
ness value. Organisations need to be aware of any 14.0-induced external factors that
can affect the organisation. Factors such as job market disruptions or market and indus-
try disruption may present great opportunities for growth. As organisations change to
14.0-ready organisations, they need to be guided by an 14.0-relevant strategy. This strat-
egy ensures future sustainability of an organisation in a global market potentially dis-
rupted by 14.0. New processes, technology and markets have redefined business value
in an 14.0-driven society. Organisations must reconsider business value, whether the
focus is outward towards the customer or based on internal optimisation and automa-
tion, and adjust strategies accordingly.

Strategic alignment domains

Service Level Competitive potential Technology potential Strategy execution

Data

« Big data management
« Data driven decision-making

* Product and process big data
generation

Process

« Process optimisation
« Value chain digitalisation

|

* Customer experience * Process customisation
differentiation * Product portfolio innovation et on

. VCuSmm,EFO,@"iSﬂDOn » Technology centric convergence
interaction improvement « Virtual model and physical

t 1

Technology

* Digital eco-systems.
« Information technology security

Product

Customer value

environment linkage




Figure 1. Strategic organisational perspective of 14.0 aspects (adapted from [31])

The technology potential domain refers to the information technology strategy that
supports the selected business strategy by considering the technologies of 14.0 and data.
The disruptive nature and technologies of 14.0 force organisations to move towards new
technologies to ensure future sustainability and competitiveness. Big data and data-
driven decision-making create new opportunities for organisations to collect, analyse
and use data. Data have a direct impact on customer value, in terms of information
collected and analysed, and inform products and processes. The competitive potential
domain as alignment perspective emphasises the use of emerging information technol-
ogy capabilities that influence the business scope, such as new products and services.
The product market is constantly innovating and implementing customisation for the
individual. Organisations must adapt to this demand with innovations in products and
processes, as well as consideration of the individual’s need. Process organisations are
continually optimised and digitised. This allows organisations to get products and ser-
vices to market faster; however, organisations need to adopt better processes to stay
competitive.

Lastly, the service level domain attends to establishing a world-class technology or-
ganisation within an organisation and focuses not only on the effective use of IS re-
sources, but also on responsiveness to the fast-changing demands of end-users and cus-
tomers. The technology and changes that come with 14.0 force the workforce to adapt
in terms of productivity, skills and well-being. With new technologies and business
models emerging, the focus of customer value is also shifting. 14.0 demands greater
focus on customer interaction and experience. With the disruptive nature of 14.0 having
a global impact, organisations must change to stay competitive or to re-invent them-
selves. Organisations must also be able to manage the tension impact of emerging ver-
sus legacy infrastructures.

These four strategic alignment domains also present interrelationships (denoted by
arrows), as the business strategy informs the technology aspect, focusing on implement-
ing the chosen business strategy and recognising the need to address both external and
internal domains [31]. The chosen business strategy and technology opportunity also
affect decisions such as product-market offering and choices pertaining to the organi-
sational structure and workforce, as well as the specific rationale for the design and
redesign of critical business processes [31].

6 Conclusion

14.0 and the advancement of digital technologies are changing the way we socialise,
live and work. 14.0 also provides organisations with opportunities to firstly optimise
and enhance internal operations and secondly, innovate and optimise business models.
It is important that organisations understand the realities of 14.0, in order to exploit its
business value in an organisational context, while maintaining strategic alignment. In
this study, the unique 14.0 organisational aspects were identified through an SLR related
to digital business model innovation, technology investment optimisation, workforce
management complexity, digital eco-systems, technology-centric convergence, virtual
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model and physical environment linkage, value chain digitalisation and product
portfolio innovation. In order to apply these 14.0 organisational aspects, we propose a
conceptual model guiding organisations on how these unique aspects affect strategic
alignment in an organisation. By applying the proposed conceptual model of 14.0, a
strong vision, support- and development plan and path to 14.0 can be created. By
understanding such a view of 14.0, organisations can ensure that interrelationships are
managed and that a relevant, fit-for-purpose approach to 14.0 may be considered in a
strategically aligned manner.

As the study proposes a conceptual model, further research may be conducted to test
the proposed strategic alignment model in an organisational context and real-world
scenario.
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