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Abstract

The present research highlights the main developments in the generations of innovation
management models and systemsovation defined as the process of transforming ideas into
marketable products or services is vitally important to the industry since it can produce value
to the customers and generate revenue for produldeestesearclaim is to develop a novel
generabn innovation framework for future digital economy which defines the lifecycle from
idea generation to commercialization, illustrating the factors affecting such development and
considering the current soegzonomic environment, evolution of business cpsses,

technological advancements and market trends.

A questionnaire is designed and administered to professionals in industry to elicit their
feedback that can be used to validate the framework and to assess its usefulness to
organgations. This gastionnaire is an essential part of the research methodoldwy.
guestions are formulated in a format that allows aw&e comparison highlighting the item's
relative importance. Adequatgiidance on answering questsis provided.The proposed
innovation framework is applied to collect data and to carry out awpsd comparison
between the components of the main criteria andcsitéria. It triggers the innovation

processes required to handle the demauitland to consider thegitalisation push.

7KH PRGHO LV YDOLGDWHG XWLOL]LQJ WKH SUDFWLWLI
namely; the UK, UAE, USA, Germany, Japan, China, and Canada, The Analytical Hierarchy
Process (AHP) isitiliesed combining both quantitative arpialitative methodsT'he impact
of digitalisationpush and of the demaipilill are considered as main criteria, with many-sub
criteria associated with each criteridrhe findings confirmed that the proposed framework is
useful to industry professionals aojanisationshat focus on creating value for the customer
who has become more aware of and demanding regarding lead time delivery services, product
availability, and reliability. The model catsobe applied to test the ideas of experts to obtain

the gpropriateness of the innovation framework for manufacturing, firms, and organisations.
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Chapter 1

Introduction

1.1. Background

Following World War One, several generations of innovation management began to
DSSHDU DQG PRGHOV HPHUJHG WKURXJKRXW WKLV SHULR
FRQVWLWXWHY DQ REVHUYDEO\ GRdEWIEZQWIsserRaG186)R1 EHV\
ORUHRYHU 6FKXP SH3)tuchl¥ tHaQhe ecovdmic development concepts were
directly attributed to strategic stimulus during this era. This indicates that the force of
innovation was beginning to be considered a recursive tool for commercial or industrial
applications and less @ broad indicator of the success of political or privsgetor projects
(Cunningham, 2010; Elliott, 2017)Furthermore, Schumpeter elaborated on this new
perspective by describing how a transformation of an economic structure requires new
LQIOXHQFHY DQG RSSRUWXQLWLHYVY DQG WKH SGHVWUXFWLR

Emergingconcep¥ Rl pFUHDWLYH FDSLWDOLVP DQG WKH GHVW
SUHVVXUH RQ RUJDQLVDWLRQV WR L(@FRhsHaD®E HSjilakdel, U LQQR
1990; Aghion,et al, 2014) Moreover,this trend is considered by many scholars to be
responsible for giving birth to the concept of frearket capitalism, with new products and
industries invented as ad{pyoduct of these competitive conditiofisuis., 2008) However,
WRGD\YV PDUNHW HQYLURQPHQW LV FRPSOH[] XQOLNH WK
incentivesto drive creativity. According to some researchers, this may mean that unmanaged
innovation is no longer sufficient for an organisation to retain a competitive advangage G L
et al, 2013)

Furthermore, as will be explored in the literature review of this study, models of
conscious innovation management throughout the 1960s and 1970s are described using
GLIITHUHQW WHUPV LQFOXGLQJ SDUDGLJP VHTEBah@®FH DQG
other recurrent industry systemsalmost wholly avoided. Moreover, although authors after
WKH V GLG EHJLQ WR XVH WKH ZRUG pPRGHOY ZKHQ G|
process flow or attempted innovation activities, it is unclear whetherefieised to complete
conscious innovation managementaLa O DY V N.éHowever, to whichever extent
organisations since the 1960s have consciously planned innovation management activities, an
RUJDQLVDWLRQTV L QuaiHhéewhektelved Bs/d Xobl For keDu¢inD competition
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and maintaining a competitive advantage. Furtherni®othwell & Wissema (19863trongly
popularised the concept of innovation management and attempted to construct a model of
innovation management that replicated the historical conditions in successful past

organisations.

In addition tothe aforementionestudes other existing literature on the theoretical and
empirical contents of innovation management includes the contemporary management practice
of activity-based costingR. S. Kaplan, 1998}he concepts of innovation as being a series of
collaborative organisation and interactive learning processes, and the idea of exchanging
knowledge between organisations involved in innovation proc€Esiegiist, 2001; Wallace,

2004)

Digital innovation prompts businesses to act rapidly in a short time frame.
processes ofreating key performance indicatds measure digital marketingersonalising
and encouraging innovation in digital marketing are facilitated to adopt digital technologies.
Digital and innovation go hand hand and present a positive focus for digital transformation
and innovation in line witthe current market and user dem@dtah et al, 2021) That leads
to economic growth, defined as a progressive rise in output, including thmaletion of
production factors labour reflecting a quantifiable measunénoé global improvement

referred to as global economic growjieyer& Meyer, 2020)

Companies and industries operating in tofaynarket are experiencing many
challenges, such as the globalisation of the market and technolegiesthe market point of
view, digital technologies permit companies to offer new digital solutions for customers based
on services embedded in products. However, various countries have created local systems to
boost the development and adoption of IndugtO technologies. In Germany, where this
concept wasriginated this program was calle@High-Tech Strategy 2011 in the Uhited
States, it was termethe 3Advanced Manufacturing Partnershipin China, the Made in
China 2025 program was createghdin France, thela Nouvelle France Industriellewas
designed (Xu et al, 2018 Dalenogareet al, 2018 Raset al, 2017. Hence,the global
marketplace needs companies that innovate promptly and flexibly and continue to transform
the market need3.o affectthe competitive environmeriResearch & Developmeobnditions
indicate the need for furthexdaptation of best practicas response to the spike in digital
development in the 2%century. Moreover, ompanies need variables to acquire digital

technologies aligned with competition and innovation by emphasising the development of
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digital manufaturing. Consequently, todaypdustries and companies require a new digital
innovation process fodigital product-service systems to fulfithe user innovation needs,
requiring a digital innovation framework for the adequate digital era.

1.2. What is innovation, and why is it an imperative approach for any
organisation

The term 3dnnovation” can often describe an outpubowever, it is also used
simultaneously as a collective noun for an idea, creation, invemésearch and development,
prototyping a new product, technique or servibeseph Schumpet¢t934) positiors each
innovationandtracests progression (through intrapreneurship) fromdtaet as aidea, to its
zenith (its alpa value) as an innovah and tats beta value, as innovations enter the market
that diffuses the original innovatior§ value. Schumpet&r theory of creative destruction is
enduring, and it is relevant to this thesis that Schumpeter is credited with belingt twholar
to theorise orentrepreneurship from the perspective of innovaiieimesbrough, 2007 auber
(1974) stressed the necessitp build innovation competencies that require not only
technological capabilities but also organisational efficiency, which encompasses four

dimensions of practices:

- Leadng and organisation innovation,
- Innovation strategy design,
- Innovation management processes, and

- Innovation networkingQuadroset al, 2017)

Innovation also refers to socially acceptable change, defined as an improvement toward a
socially desirable objectivéan innovation is the adoption of new change to an organisation
and the relevant environmen{Press, 2019)Therebre, it has been emphasised that four
categories of innovations are highly interrelated so that innovation of one type is very likely to

create additional organisation changes:

- Product and Service Innovation,
- Productionprocess Innovation,
- Organisationaktructure Innovation, and

- People Innovation,

Pederseet al, (2018)referredto interactions among internal and external stakeholders to lead

innovation processes.
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Schumpeter described the development as a historical process of structural changes
substantially driven by innovation O H G ] L NNDekkerset al,, 2014) the following are the
primary innovation types and categories

1) Product innovation: the beginning of a new good or a new quality of being good.

2) Processnnovation: the beginning of a new method or way of production, which can be
founded upon scientific discovery, or a new way of managing a commodity
commercially.

3) Opening a new market: entering a market that had not previously been accessed.

4) Use of raw madrials or semproducts: conquering a new supply source of raw
materials or halmanufactured goods.

The main concepts of innovation reported in the literaiweesummarised in Table 1.1
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Tablel1l-1 Review of innovative concepts

Author

Innovation Concepts

Fagerberg, (2003); John
E. Elliott, (2017)

Schumpeterian trilogy concepts (invention, innovation, and diffusion) encompass generagmg idea,
developing it into a marketable product and then modifying it according to its stage in the technological
Thus, the pioneer of this field defined innovation as a process of creative destructiecaliozased offers ant
outdated solutins are replaced by innovative new solutions to the same market dilemma, which |

unexpected byroduct of discovering previously unrealised industry categories for the consumer.

Freeman & Perez (1988)

Although the force of innovation can be deised in its power to change and improve existing organisation:
product categories, past studies have also argued that invention includes a secondary responsibility tc
re-evaluation of new product categories and changes to the operatiodelsnod organisations to impro\

efficiency for the end consumer.

Fussler (1996)

Several studies describe innovation as one of the top five criteria that enables an organisation to cc
modern markets and maintain a competitive advantage, including stesnterand broader competitiv

strategies.

Papinniemi (1999)

The importance of innovation is also described as driven by four element& X WRPHU TV D ¢
business and manufacturing process, product design, process, and technological advancement. Moreo
GHVFULEH WKH IRXUY LQQRYDWLRQ HVVHQWLDOVY DV KDYLQJ

Organisation for

Economic Cooperation

According to SolbesDQ RUJDQLVDWLRQYV SHUIRUPDQFH L Qonp@litwemess
productivity, and national progress. Moreover, this study describes how {mdiyct of innovations in th
SULYDWH VHFWRU FDQ EH pUHF\FOHGT WR WDFNOH JOREDO F
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and Development
(OECD) Solbes (2007)

Hekkert & Negro (2009)

Innovations within the organisation are also described as changes that affecbotpenents of the econon

at the internal and external levels; these include national, sectoral, and regional roles.

Gallouj & Savona (2009)

The innovation capacity in an organisation refers to its ability to generate significant value for the cust

solving resourcéntensive problemand removing costs by compressing traditionally tooesuming activities

Gunday et al.(2011)

Innovation is also described as transforming a conceptualised solution into a marketable product cali
the current market environment. As this can make individual orgamsaresponsible for significar
transformations in productivity and efficiency, this can create contention between organisations, reg

even countries.

Joe Tidd et al.(2016)

The coreconceptions of innovation are also described within the literature as being manifested in fou
Incremental innovation, Modular innovation, Discontinuous innovation, and Architectural innov
Moreover, there are also links between knowledge ei&nas they focus on the following 4Ps of innovati

Product innovation, Process innovation, Position innovation, and Paradigm innovation.

Lopeset al.(2018)

InnovationiV NQRZQ DV D IRUFH RI pVXVWDLQDEOH WUDQVLWLRQY
and value delivery in the workplace. It suggests that innovation not only includes the ability of an orga
to transmitoutwardchange into the markenvironment; by extension, it creates neward efficiencies that

can transform business models into other business models and further gains in the dimensions of sust
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1.3. Digital era and its characteristics

Thedigitalisation eraefers to the increasing use of digital thechnology in all aspects of
society(Frank, Mendes, et al., 2019) is alsoa process of convertingiformation,processes
or projects into a digital formafYuana et al, 2021) This involves the use of digital
technologies to transform traditional anadag physical forms into digital ongXin et al,
2021) making them more efficient arghsier to work with. Some examplesdigitalisation
include converting paper documents into digital files, using digital tools to automate business
processes, or using digital sensors to monitor and control physical syAtunes et al, 2019)
Digitalisationcan also involve the use ofgitial platforms, such as the internet or cléaased

systems to facilitate communication, collaboration, and data ex¢Batigstaret al, 2020)

1.4. Innovation Framework in the Digitalisation Era

The processf influencing factorchanges in innovation is compléavingto deal with
uncertainty. Coopgi2006)observed 3t is war: innovate or dig innovation isalso one of the
essential core competencies required to stay relevant in the current market environment. The
importance of innovation ithe companiegagendas has proportionally increased over the last
decadg(Taferner, 2017)Due to rapid technological developments ahdnges ircustomer
trends, products have an increasingly short life cyetmsequentlyinnovationis necessary
for aproduct orfor therealisation processés become essential regardle$she nature of the
business, thenarket sector athesize they are involved iflLacom& Florence, 2017)

Boehm and Frederick€010) maintainedthat the firms had to adapt tahe new
technological changes artikde product life cycles. These changing environmetdminated
how innovation was identified and delivere@ a result ofecognised and distinguished
different socieeconomic backgrounds over seal decades. They illustratedow the
companies adapted theirgaucts and processes to become leaduhge innovators of their
times based otheseven generations of innovation frameworks from the 1950s till the 2000s
There has been a further adaptation How innovation iscarried out, mainly driven by
developmentin computer systems and enhanced network integration. Due to its distinct
differences from generation models, many have termed this development the new generation

innovation frameworKBarbieri & Alvares, 2016Boehm & Fredericks, 2010)

In the last half of the 20th century, technology and technical progress were primary

drivers for fostering longun growth. The Industrial Revaition 4.0 changedthe human



condition(Lucasetal., 2002) In the illumination of modern theories on endogenous growth,
the internet has accelerated economic growth by simplifying the expansion and adoption of
innovation processeéSalahuddin& Gow, 2016) However, science and innovation are

essential for digital technologies that drive digital transformgtamniawati, 2020)

1.5. Innovation within Demand Pull

Demandpull instruments were dominahtit dramatically changeith the 2 century. It
was evident thagéxpectations regarding the market prospects for any indesitiyo change
in innovative performancedrawing a long-term sustainabty strategy ad image of the
organisation; on thether hangd they integrate complete harmony and alignment vitike
competitive advantages approach. Nevertheless, redemsaharacterisatie substantial role
of Science, Technology, and Innovatio (5 accountingfor a proportion rise in economies
of scale that leaiko speedy competitive advantages and develop(@atekan& Groble,
2020)

The level of competitiveness is one of the discernments in sustainable economic growth
(Saleh et al., 2020 ore competitiveness is the foundation for the competitive advantage of a
sushinable organisation and stable operation. Accordingly, the competitive advantage of an
enterprise is an essential tool in market compet(fi@mget al, 2020) Additionally, according
to Schumpeter (1934)Granstrand & Sjolandef1990) and Dalfovo et al. (2011) the
development of the market is a particular form of organisation of scientific advances that

ensures competitive advantage and technological progré8aomset al, 2012).

Moreover, it will accelerate industry growth and transmutation and promote the deep
integration of global industrial reform in the digital eMaier et al. (2017) statel that the
importance of innovation for enterpessis felt especially by fierce competéivess both locally
and globally and thatnnovation becomes mandatory for all industri€orsequently,
industrial sectorsisingdigital innovation will improve efficiency, operational costs, axtra
business iname. Underthese circumstances, and from the perspective of globalisation, the
digitalisation of innovation plays a critical role in intating developed countries; besidis,
is evident that all efforts are now underway to digitise the emtivaomic system; nevertheless,
digital innovation is at the forefront of efficiency gains: the more competitegriee more
effective the production procesdll be; it could offer better service; thus, gxceed the

costumer§ expectation.
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Furthermore Drucker (2015)reported thatthe only competitive advantage of the
developed countries ithe skilled labour resources. The difference between skilledl an
unskilled worlers is that the skilledwn the means of production: they are the bearers of
knowledge (Abdurakhmanoveet al, 2020) Thus, we need talrastically turn towards
developing thaligital that boosts equipping tlegoducts and services available to customers
and adjusts the competitive atmosph@rerreiraet al, 2015) Companies need to distinguish
their offerings from theidigital counterparts to prosper in this milieu; Hence, the iposadf
innovations is crucial fogenerating competitive advantag@almaqvist& Unevik, 2015)
Every firm has goarticular competitiveadvantage trackhowever, as markets change, the
situationforcescompanies to innovate to preserve present advantagesi@ate new ones.
Although innovations imply a competitive advantage, they are only provisional, specifically in
technologyintensive industries and industries where distinction and innovationaayete
imitate (Morris, et al, 2005) Innovation is beneficial not only for large companies but also for
the survival and growth ofNBEs.

To conclude, the industrial sectors that utilize digitalowation can improve their
efficiency and reduce operational costs together with additional business income. It is
demonstrated that innovation plays a decisive role in the globally coordinated efforts toward
creating a sustainable future. It is esserfbaleconomic development and competitiveness.
Moreover, it is central to the policy of maintaining strong economic sustainable growth in an
era defined by the globalization of competition and the complex global market, as well as
significant economic andednographic challenges. Understanding how to manage innovation
effectively is decisively substantial in a time when innovation is a practically obligatory

survival system and strategy.

1.6. The context for the study
According to Carlborg et al. (2014) the dichotomy between the new product

development framework and the new service development framework for measuring service
innovation gives way to a synthesis perspective that finds service innovation a more
comprehensive multidimensional process. Therefore, service innovation requires a broader
acknowledgement of organisational activit{gzallouj & Savona 2009 Edvardssoret al,

2018) Various innovation frameworks have been developatthoughtheycomprise two main
elements: demand (maf pull and tehnology pushwhose platform igo evaluate services

and product innovatiorLeaving a gap for contextualising it within a Akmowledgeintensive
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organisation of the present digital erfawever finding harmony amonthe characteristics of
different or@nisationgglobal needs in this digital era is challengifighis thesis considers
incorporating previous research&and stakeholderfperspectives to widen the review scope
andto design a new innovative framework that is more relevant and valuablleefduture

digital shape.
1.7. Theoretical and Empirical gap

To best of the authors knowledge, limiteglsearch was found on the digital era
implication on innovation managemenititempts to systematically draw on the perceptions,
theories and empirical evidem@ccumulated over the last decades of innovation studies to
inform this phenomenon debate. The study thus &nfidl in the gap of knowledge in this
specific area of research.attemptsto developan innovativeintegrated framework that can
influence innovation outcomes in an organisaaervice, product, process, &rperating
procedures. Moreovethe studyequips boththe private and public sector organisatiomish
the knowledge required systematiséhe processes glettingadaptedo themacreindicators
of marketplace demand and technology pull in the era of demand digital economy within their
competitive advantaget is essential to viewnnovation as a comprehensive approach to
organisational gaabilities that facilitate firm operationie recognise, seek out, learn, organise,

apply,and commercialise innovative new ideas, processes, products and services.

In the 21st century, future operations in organisations must increasentieiation
capacity due to the increasing volatility ofiarket conditions and the acceleration in
technological development. Unlike organisations in previous decades, this will require the
products and operating models facing this environment to inncyaitly and be adaptive by
design. ©@nsequently, this researcattemps to establish a framework of innovation
management that enables future organisations to operate under these conditioissistath
their competitive advantage within thigidal econany/Industry 4.0. It is expected thiattan
increase competition between its competitors to dominate or even survive in the market; as an

outcome, this thesis will discover criteria to meet organisations needs in the digital era.
1.8. Aim and Objectives of thethesis

1.8.1Aim

In the 2% century, oganisations need to be prepared for the unceasing changes in

market conditions and technologyvaéopment; therefore, enhancitige rate of innovation in
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products, services and pesses becomes vital to survival this competitive dynamic
marketplace. This research aimslasignanovelframework through which innovation can be
managed in an integrated manmeesenting solution for organisations to achieve and sustain

their competitive advantages and méeiit stakeholderfheeds in the digital era.
1.8.20Dbjectives

1. To carry out a comprehensive literature review of the current knowledge esdew
of the existing practiceim orderto identify the gaps irthe curreninnovation models,
including the processesd tools, performance indicators, implementation techniques,
capabilities, and systems used as a roadmap for innovation and supporting environment.

2. To propose an innovation framework tieathance innovationcopes more rapidlywith
the marketplace arnstecomesntegratel with future digital demand.

3. To investigate the core aspects essential to elabardtegure digital innovation
framework through decisiomakers in seven prestigious countrifsee UK. UAE,
U.S.A., Germany, Japan, China, Canada

4. To validatethe proposed new innovation management framework

5. To provide the necessarynnovation processes in order tenablethe organisation's

dynamicandsustainable innovation system
1.9. Outline of the thesis

The structure of the thesis research offered in this thesis was conductdi/énstages:

X Research Stage Chapter 2evaluates the current state of knowledge embodied in the

existing empirical literature on the relationship between innovation and the digital
future pertinent to theesearch aim. It also details significant models and theoretical

frameworks related to the topic.

X Research Stage Zhe research methodology used in the present study mainly involves

data collection through online surveyadministeredto different professionals
(academics, Jrivategovernment organisations, and decisionakers) over seven
countries. Data analysis merformed using a quantitative statistical approalcmg

with analytical software known as Analytical Hierarchy Process (AHP.), discussed in
Chapter 3
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X Research Stage Building a conceptual Innovation Framework, Data Collection &

Analysis, finding andsummary Chapters 4 to 5

X Research Stage Zhis stage indicates a stepwise approach. InnovRtiocess Model

within the Propose&ramework Chapter 6

x Research Stage 8onclusions, contribution to knowledge, limitations and future ywork
Chapter 7.
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Chapter 2

Literature Review

2.1. Introduction

This chapter presentdhe current innovation models, discusses their strengths and
weaknesses, assess$ks current state of knowledge on the relationship between innovation
and the digital future and details thedhnetical frameworks related to the topider studylt
highlights the different types of innovation gmebvides a historical perspective on innovation

development concepts through the tiepochs
2.2. Schumpeter zFirst steps to conceptualising innovation

The Harvard economist and Austrian Joseph Schumpeter-(B88&5, who fell off the
map only to reemerge in the 1970s during the oil price shocks and stagflation in the West,
presaged the decline of the Keynesian settleme@ H G ] L N. Newly industrialising East
Asian economiesvere exercising his insistence that entrepreneurialism, access to credit, and
trade were the pillars of economic growth. Innovation became a vital watchword fer post
industrial economie$Cunningham, 2010)However, this researcher also describes that the
core impulse of istant gratification is responsible for pressuring frequent new product designs,
options, and solution3.he fundamental impulse that sets the industrial engine in motion comes
from new goods customers, new methods of production or manufacture, new naartiete

new organisational methodologies that capitalism naturallysségictg Schumpeter, 1934)

Furthermore, Schupeter is considered the earliest social economist to highlight the
importance of innovation as a driving force for improved goods and incentives that pressure
resources to be managed more efficie(ilyrz, 2012) Building on this supply and demand
paradigm, this researcher is considered the first to conceptualise innovation systematically.
According to Schumpeter, studying the economy under the lens of managing finite resources
was not enough; instead, econom@velopment had to be viewed as a process of qualitative
change, with innovation actively responding to a multitude oftiesd variablegFagerberg,

2003) The innovations in this work led to the emergencentifely new industries. It is argued

that theyhave furthered the momentum for economic developrf@mmbs, 1987)
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Innovation models are frameworks or approaches that help organizations understand
and manage the process of innovation. Many differgrdvation models have been developed.
While these models can provide a structured approach to innovation, there are also potential
gaps or limitations to consider. Some potential gaps or limitations of innovation models include
Limited scope, Lack of flakility, Insufficient consideration of context, and Lack of focus on

outcomes.

Overall, it is important to be aware of the potential gaps or limitatiotiee@inovation
models anaonsider how to address them to effectively manage the innovation pwottess
the new generation of innovation framework. Digital innovation transformation is the mean
gap in the previous models. Digital innovation is a key driver of change and transformation in
the modern economy and is increasingly becoming a key focumdanizations looking to
stay competitive and meet customers' changing neeittsying anin-depthoverview ofthe

seven generations of innovation models

2.2.1. 1% Generation technology push

Generally, the first generation of innovation models emerged freni®0s to the
mid-1960s and was considered a primargiovation sourceAs a simple model with no
feedback loops, this model was broadly used after the Second World War and was developed
in three stagedl) idealisation of pure scienc®) practical sciece and its connection to solid
science, and) progression and growt{Stefanovska, 2016)Consequently, meeting rapid
industrial expansion and new technology opportunities lead tccdhelusionthat moe
research and developmewesult in operative produc{3aferner, 2017)To sum up it can be
said that the best practice for this form of innovation, termed the tegynoush, shaped itself
into a linear progression from the primary scientific concept to design, engineering,

manufacturing, and finally, commercialisation, as shown in Figure 2.1.

A host of authors have agreed with therteology of thetechnology pushwhichwas
regarded ashe best practice type in the indusf{iiydd et al, 2005 Berkhoutet al, 2006
Hekkert & Negro, 2009Barbieri& Alvares 2016 Taferner, 2017)

Figure2-1. 15t generation technolggoush model, 1950&Mid 1960s(Rothwell, 1994)
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2.2.2. 2" generation demandpull model

The second generati@montinuedfrom the mid1960s to the early 1970as displayed
in Figure 2.2.Most USA companies were highly competitive during that fimed the
employment ratewas static However, productivity grew as products were subsequently
advanced due to market demand éarrrent technologyThe 29 generation is also calldtie
market pull, demangull, or need pull(Rothwell, 1994 Stefanovska, 2@, Taferner, 2017)

Figure 2-2. 2" generatiordemanepull model, Mid 1960stEarly 1970¢Rothwell, 1994)

Furthermore, one of the most popular models of the second generation i§Ahs U
thestagegatemodel 1sed by NASA in the 1960s to generateative innovatveideas to send
aman to the moon. Coopét990)discusses the five relevant stagasshown in Figure 2.3
Quality control forthecheck gate between each work stage and the five gatesessiilgent
quality (Cooper, 1990; Guimaraest al, 2014; Stefanovska, 2016As opposed to the first
generation due tothe reliance on market demand for a source of innovative ideas, this
progression has also been called reverse linear relative to the first gen@Batibieri and
Alvares, 2016) Research and development, the primary activity leadingattevay in the
first generation, became second fiddle and only played a supporting re&isingideas from
market demandThe same set of authors as mentioned previagigel to the terms of the
terminology andthe time frame of the secongenerationinnovation Tidd et al, 2005
Berkhoutet al, 2008 Hekkert & Negro, 2009Barbieri& Alvares, 2016 Taferner, 201y,
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Figure2-3. 2 generation Coope§ stage gatmodelintroduced in 199@Rothwell, 1994)

2.2.3. 3" generation coupling or interactive model

Research and dgelopment identified théormation of the third generation from the
mid-1970s to the mid980s. This era was met by significant industrial crises and high inflation
ratesin the economyRothwell, 1994), R&D were no longer given free rein, and market
demand was reduced; consequently, companies were forced to adapt and rationalise their
activities with a focus on cost reduction. On the other hand, innovation projects were failures,
e.g. projects were hald due to financial constraints, resource availability, and demand
(Guimaréeset al, 2014) Companies also incurred massive losses, which impacted business
asusual operations. Whitthis in mind, companies had to adopt a more cautious approach that
essentially rationalised innovative activities to a certain extent with this in mind.

The third generationvas considere@ portfolio (Boehmé& Fredericks, 2010)The
interactive model is another name for the coupled model, which is still essentially a sequential
process, as shown in Figure 2.4. Duentwovative work$ valueto companies, these activities

started to gain directtaintion and commitment from the corporate level.
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Figure2-4. Third generation: Combined or Coupled Model (Early 19#88d 1980s)(Rothwell, 1994)

2.2.4. 4™ generation: Integration and Networking Models

The fourthgeneration models surfaced from #aly 1980s to the 1990s, when USA
manufacturing was subjected to rigorous competition from the Japanese on the global market
(Rothwell, 1994; Barbier& Alvares, 2016)At that time, strategic development dedgue
creationwith other businesses developed ie thSA were significan{Taferner, 2017)This
generation exhibits the two most outstandifgpanese driving organisai® in terms of
innovation, integration andparallelism, driven by Simultaneous/Concurrent Engineering
(SICE) or New Product Simultaneous Engineering (NPSE) and the proficiency with which
Japanese businesses used these procéssgenerate disruptive innovations. Thus, the
Japanese automobile market introduced hgssancars within 30 months compared tte
competitors 4860 months(Boehm& )UHGHULFNYV et al, QIR ;uBaNieri&

Alvares, 206; Taferner, 2017)The new product development process in Nissan is illustrated

in Figure 2.5Various authors have agreed with the general theme of the fourth generation;
however, they have given the model different names: an integrated (Radielell, 1994)
systems model, parallel lines mo@€ldd, 2006) cyclic innovation modglPatrick, 2007)and
integrated manament modeBoehm & Fredericks, 2010)These scholars believe that
supplier integration into the new product development process and the simultaneous nature of
project activities, as opposed to teequential approach in line with previous generations,

became a central elementthe best practices for innovation.
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Figure2-5. Fourth generation: Integrated model (Early 198Barly 1990s)Rothwell, 1994)

2.2.5. 5" generation: Integration and Networking Model

Once the implementation of the fdlrgeneration became commonplace, increased
importance was placed on the comp&ntechnology strategy, time to market, and intelligent
networking. From around the early 90s, companies were becoming smarter wittosinteade
offs. A complete focus onhe speed of product development might have provided more market
share. However, it would have also strained resources and increased development costs and errors

during design or manufacturing.

The fifth-generation model was recognisadhe mid1990s. Theneed for this kind of
model begamwhena trend forreducing selreliancedominated the R&D expenses of many
leading industrial corporations for most of the"2@entury. Therefore, companies had to
networkto find different methods to mobilise their innovative businegSésfanovska, 2016)
According toRothwell (1994) this phase developed from the fourth generation with its more
sophisticated technology to improve production speed and effici&atginakis proposed an
innovation model usim system thinking constructed byree majotinnovatian processefu

Preezet al, 2010; Taferner, 2017as demonstrated in Figure 2.6

- The knowledge creation process
- The new product development process

- 7KH SURGXFW { WmnatkepplacevVV LQ WKH
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Consequently, information systems appeared to be the following main topic and standard in
the workplace, particularly in process automation, acceleration of communications into an
organisatior§ network itself, and external communications fex{®u Preezet al, 2010;
Stefanovska, 2016)The authors agreadgith Rothwell (1994)on calling this the generation

that consisted mainly of systemtegration and networkin(ridd, 2006 Barbieri& Alvares,

2019. Kotsemir& Meissner(2013)opted to call this the evolutionary model, driven by the
notion that it was a natural process of evolution and that the fittest would survive the highly

competitive market environment.

Figure2-6. Fifth generation: Networking Model (Mid 1990<arly 2000) Galanakis, 2006)

2.2.6. 6" generation: The openhetworking innovation model

The sixth generation came into being wtiba third parties and customers became
critical sources for innovative idea€ompanies begaembracingopen innovation and
engagingn enhanced netwking and system integratioather tharformalising relationships
through contracts and agreementseie were open and relaxed communications with external
parties to create a constructive and productive environment filled with knowledge and expertise
(Maieret al, 2012 Todorov& Marinova, 2011)It is evident how technology and the market
have influenced innovation over the decades. As a result, the framework has evolved from a

simplistic sequential Technology Push and Market Pull to a combined model. The activities of
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project progressio@re consistent. Any innovation project begins with an idea, followed by
scoping, research and adepment, realising the concephd commercialisation. The later
generations have ensured that critical elements such as interactivity between different

processes, nitidisciplinary teams, systems and network integration become integral.

The open/networking innovation mogdeireated and introduced by Chesbrough,
underlines idea managememithin the organisations analith other external ones. It is also
based on modighg simulation, virtual reality, datadrawn from databases, artificial
intelligence, and rapid prototyping. This model encourages outside knowledge, such as
providers, rivalry, entrepreneurs or scient{dtecolov & Badulescu, 2012; Stefanovska, 2016)
Moreover, one of the most evident benefits of the open innovation model is the much superior
base of ideas and technologies designed to lead in@enalopment. fle open innovation
models as presented in Figurg.7, include four main stages (research, development,
manufacturing, and marketing) where openness matters, instead of only two (research and
development) in the closed innovatj@sexhibitedin Figure 2.8(Gabison& Pesole, 2014,

UL P (etaN 2014; Barbier& Alvares, 2016; Taferner, 2017

Figure2-7. Sixth generation: Networking or sequential open innovation model 20@hesbrough et al., 2014)
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Figure2-8. Sixth generation: Sequential closed innovation model (20q&€hesbrouglet al., 2014)

2.2.7. 7" generation: The Fugle innovation process model

Du Preez2008 resented théugal innovation model and introduced another view on
the different elements required for innovation. The fugle model synthesises various process
innovation nodels in the literature. The model aimstablebusinesses to identify, evaluate,
develop, implement and explaoibvelproducts and services maesourcefullyandefficiently
(Du Preezt al, 2010; u Preez, 2008 Most innovation process models focus miyaon the
funnel part of the innovation process (i.e., identifying and filtering new ideas and concepts).
Moreover, they primarily address product innovation instead of service companies with fewer
tangible product¢§Krause& Schutte, 2015)

The A.T. Kearng House of Innovation pointed otltat the fugle model incorporates
strategy, people and culture, information and knowledge,oaganisational structures and
processes into the innovation modklause& Schutte, 2015)Similady, Pedrinho(2019)
reiteratedthat the innovation process is guided and supported at the top by the same elements
and strategies, human resources and culture, organisational structure and processes, and
information and knowledge. Additionally, this model can be externally influencethéy

innovation network ad open innovation concept.

The model is placed in a generic innovation process that mixes the convergent
innovation frontend (ldentification& Evaluation) with the divergent deployment and
exploitation of the identified opportusi (Innovation Bugle)as revealed in Figure 2.9.
Nevertheless, the innovation process operates internally; however, all functions are connected

to the external environme(Du Preezget al, 2010)
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The authors distinctly distinguised stages of the process modeldescribed below:

f The idea generation and identification stag&everal sources identify ew
opportunities and filter to select the most practical ideas.

f ConceptThe ideas are transformed into workable concepts with certain features during
the concept definition stage.

f Refinanent The concepts should be further analysed, tested and protdtysaady
their feasibility level.

f Portfolio & DeploymentThe ideas are prioritised, and the resources are allocated and
assigned responsibilisein the portfolio stagethe deployment stage comprises the
design, implementation, and testing of the innimeatsolutions as identified,

conceptualised, and decided upon in the previous steps.

f Elaboration This phase is named the refining and formalisation stage, and it comprises
monitoring, measuring, evaluating and refining the solution uftihittions acceptably

according to specifications.

f Exploitation: This step does not appear in all solutionst jothose that pass through
the filter gates, which should be further exploited. This stage exploits the solution

through new business models and demands to generate more value.

Figure2-9. Seventh generatioithe fugle (funnebugle) innovation process mod€&lu Preez2008.
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The previous seven generatiarmild meet the demands of businesses and society at the time
when they were developed and applied. HoweVestet is a high demand for innovation in
many aeas, including technology, business, and soclatyovation has proved to hatally
importantinnovation in the digital erait attempts to fill in the gap in knowleddey a
combination of push and pull factors. For example, the development of newltegiba may

create a stimulus for organizations to adopt these technologies to stay competitive. In contrast,
the benefits of increased efficiency and cost savingsprayoteadoption.Shifting to Digital

transformations the main gap in the previous sewgenerations.
Moreover, Digital transformation has a significant impact on innovation in various ways:

X Increased efficiency and speed of innovation: Digital technologies such as cloud
computing, artificial intelligence, and automation enable organizatio process and
analyze data quickly, enabling them to identify new opportunities and innovations more
efficiently.

x Improved collaboration and knowledge sharing: Digital tools and platforms facilitate
collaboration and knowledge sharing among teams, rtiepats, and even
organizations. This can lead to faster, more effective innovation as teams can pool their
resources and knowledge to develop new ideas.

x Creation of new markets and business models: Digital transformation has enabled the
creation of new bsiness models and markets, such -asramerce, fintech, and the
sharing economy.

X Access to new sources of data: The proliferation of digital devices and the internet has
made it possible to collect vast amounts of data from a wide range of sourcestd his da
can be analyzed and used to drive innovation in various industries, from healthcare to

retail.

2.3. The journey of generations of innovation models

Seven different innovation models have been published over the last 70 years (1950
2019). Table A provides a brief overview of each model in terms of process characteristics
and the elements of each mod@&obelius, 2004; du Pre#&, 2008; Acklin, 2010; Kraus&
Schutte, 2015; Taferner, 2017; Pedrinho, 2019)
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Table2-1 The Journey of Seven Generations of innovation models

Generation Process Characters

Elements of seven models

1st

Black-hole
demand 1950s
Mid-1960s

R&D is consideredLQ LWV pLYRU\ WRZH
technology considereén overhead cost. This results
having little interaction with scientific practices and a fo
on scientific breakthroughs.

A model of innovation driven by science

It is a simple linear model whereby tl
organisation is driven by technological motiv
and a drive to solve functional dilemm
irrespective of current consumer demand.

2nd

Market shares
battle (the Mid
1960s- Early
1970s)

The emphasis is placed on marketing and data as the <
of new ideas for R&Dandinsights into business operatior
This approach is driven by market demands and foc
heavily on business strategy to achieve this market fit.
views the needs and perceptions of the customer as the d
factor for both operational and marketing decisions.

Model of innovation dwen by the market.

This simple linear model is driven by indicatc
related to consumer preferences and infe
features based on present customer demand.

3rd

Rationalisation
efforts (The
Early 1970s
Mid 1980s)

Feedback loops are presebétween Product R&D an
Marketing R&D. This approach avoids the individual proj
perspective and reveals links between business and cor}
strategies. Additionally, the motives of riskward and
similar incentives are the driving force behind allestments.

The model is named Technology Push and Ma
Pull.

It is a hybrid model that encompasses
objective insights from science when engineel
a solution to potentially unknown inefficienc
within the customer experiencgbut then alsc
calibrates this insight to decisions on featu
design by following present customer demand

4th

Time-based
struggle (The
Early 1980s
Early 1990s)

R&D is viewed as an integrative activity. This approi
incorporates the Push and Pull modébtegrates the
organisation, and emphasises external associations.

This category focuses on learning from the consumer anc
backwards engineering such insights into product design,

The integrated model (a combination of line
models)

It includes suppliers and primary users as pal
the process.
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favouring a fully productocused strategy. Activities al
conduced similarly across multiple team functions.

5th

System
integration (The
mid-1990s-
Early 2000

In this category, R&D isonsidered a network. This approa
emphasises expanding knowledge, developing extt
associations, adopting systems integration, and makin
extensive effort to create networks that focus on collabor:
in a system that acknowledges competitors anplpliers.
Additionally, this strategy focuses on controlling the ti
providedfor product development, where speed is consid:
essential; the R is separated from the D.

The network model involves a continuo
accumulation of knowledge but simultanequ
continuous integration of external and inter
participants of the process, involves intense us
information technology, and innovation is trea
as a constant process.

6th

Coupling
process (2000
2008)

This category considers external anternal ideas and I&E
paths to markeh tandem and as a combined entity to adve
technological development.

The external knowledge focus

Under this model, a certain level of cooperat
between organisations is expected and o
encouraged for thenutual benefit of all partie
involved.

7th

Open innovation
FunneliBugle
(2010s)

A standard process combinasianovative convergefannel
and divergent innovative bugle process&he result is th
Fugle process, designed by Du Preez & Louw (2008)¢hv
serves as a reference architecture for innovation.

The goal of the Fugle process is to as
companies to recognise, assess, advance, ¢
and takeadvantage of new goods and service:
a more resourceful and operationanner
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2.4. Authors fjdentification of innovation models

Asit is predicteddifferent views on the innovation models provide further explanations
of generation models, so there is no consensus among academics regarding the number of
generations and their namd3esypite these distinctions, onean recognise that a specific
gradation and particular titles are repeatedly explained by Rot{il/@&#) As a consequence,
this has become a compulsory reference within this area.

The authors below identified the generations of innovation modEtble 2.2
summraises thdifferenecs between all the models aeffiecs howtheconcepts of economics
certainly have evolved and how scientific thought on the economy and drivers such gs suppl
and demand have develop@tbtsemir& Meissner, 2013, DUSL VND ulL Pétlaly
2014; Avasilcai, 2015; Barbie& Alvares, 2016; Bouwer, 2017)

Table2-2 Innovation models evolution in historical prespective

. . . Auth f
Generation Innovation model Period uthors o' Essence of the model
fundamental idea

1 Technology Push 1950s tlate 1960s Usher (1955) Linear process

Late 19602 first  Myers and Marquis

2 Demand Pull half of 1970s (19692, b) R&D on customer wishes
Couplina model Mowery and Interaction of different
ping Second half of Rosenberg (1979) functions
3 1970<? end of
Interatcive model 1980s Rothwell and Interaction with research
Zegveld (1995) institutions and market.
End of 19808 Kline and Rosenberc Simultaneous process witl
4 Integrated model early (1986) * IHHGEDFN ORR
1990s linked PRGHO 1
. System integration and
5 Networkingmodel 1990s Rothwell (1992) networks (SIN)
Open/networkin Innovation collaboration
6 . P . g 2000s Chesbrough (2007) andmultiple exploitation
innovation model
paths
Focus on the individual an
7 Open innovdbn 2010s framework conditions

under which to become
innovative
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2.5. Discussion

In this chapter, the researcher has discussedrthovation models pinpointinigpeir
strong points and shortcomingsd illustrating thegapsin knowledge and the differences
between the current state and the previous literature review of the seven generations of
innovation models. The seven innovation mosladse designed dlhe beginning of technology
developmentTechnology progresses rapidly these days. The madat®t meet theecent
development in the era aligital economyAs stated earlier, the aim dhis research is to
develop a modernomprehensivéramework of future transition thanablesrganisations to
maintain a competitive advantage. Innovative and future emerging techolagybe viewed
asgenerators of dynamic changes in all areas. Atsst businessegpreciatehe significance
of innovationin products, services, and processes. Thus, alegelopingeconomywith new
perspectivezould realize success the future.The proposed frameworgonsists ofseven
most vital initiatives for a positive futuidevelopment of anrganisatiorwithin Industry 4.0
which include Autonomous Robots, Cybasecurity, the Internet of Things (IoT), Augmented
Reality, AdditiveManufacturing, Big Data Analytics (BDA) and The Ctbu

On the other hand, in recent years, debates on sustainability perspectives have found
their way into business models; companies with innovative business models are more likely to
address sustainability. Thus, a new generation of innovation framewaukd sheolude the
latest perspectigeandthe sustainable developmerdals in order to discover a positive and

effective meanso meet global customer satisfaction.

2.6. Conclusion

To summaries there seems to ba general trendor the previous generations of
innovation frameworksThe first few generatiorfecused a growthinnovation using science
and technology to increase productivity and market demand. However, the later generations
(the 1980s) focused more on national systenmswantion driven by intense competition and
the prospect of launching products or services on the market. Those core elements of the first
few generations were discarded altogether. There was more rationale behind their uses in the

socioeconomic environmd of the later generations.

Similarly, thecurrent atmosphere is undergoiaghange, which could kdermed the
transformative change. lfocuses on responsible innovation, i.e., promoting sustainable

products and processes that negate climate changegraater customer involvement.
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Nevertheless, it is vital to noteahsuchframework couldhot replace the previous innovation
framework$ core elements, ratherpitilds on it to rationalise its applications. In addition, this
research focuses on transfative changes and their impact on current economic trends and
competitive advantages, thus proposing an innovative framework for these factors. The
literature review provid®some perspectives and deved@thorough understanding of the
evolution of inn@ation frameworks. The new framework proposed some of the core elements
of previous generations that are still relevant. The following chapter describes the innovation

framework in the digital era.

This studyhas shedight on the previous innovation mddewhich could be applied to
different forms ad sizes of companies; howevevery organisation needs to locate and sort
out what leads to their innovations and tdke necessargyction immediately From the
literature review, one can conclutteat geneating ideas is essential, alongside planning the
implementation of these ideas. Therefore, several main components should be considered for
any organisation, including new market needs, future demand, investigation of new tools of

innovation in the era dhe digital economy, and substantial development.
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Chapter 3

Research Methodology & Proposed Inovation Framework

3.1. Introduction

This chapter describes the research methodology followed in this study and explains the
methods used to achieve the research aim ddojelctives defined earlier iChapter 1.
Moreover, it provides an overview tie potential research methods and methodologies and
describes the strategy applied to conduct the research. Furthermorehdt aagguedhat the
selection ofplans andprocedires has a more significant impact on research outcomes;
thereforechoosing suitable research methods to undertake the research is essential

3.2. Research method

The literature research has proceeded according to the hiecdnasearch evidence.
The existng literature on this issue consists mainly of expert opinions, congress presentations
and proof in the hierarch of methodical quality of evidence. Empirically researching,
developing and testinginovatve models applies to a specific innovation framewalevant
from an exploratory perspective in the digital era. There is a considerable difference between
research methods and research methodologies; Research methodology is a systematic way to
conduct a practical research study and gather valuable irtionmta support the research.
According toDavy and Valecillos(2009) it is the systematicgatheringand analyis of

observations to generate nokebwledge that caanlightenactionsand decisions

While methods can be defined essearch toal that assistn gathering data and
informationto explain research concerrdaunderset al (2009)underlinal using the term
PHWKRGVY SUHFLVHO\ WKH GLIITHUHQFH LV WKDW WKH WH
research should be undertakéwcording to Polit andBeck (2008) the primary objective of
theresearch is to develop, expand and elaborate asofgnowledgeresearchd a systematic
inquiry that utilizesvell-organizednethods t®olve problems anahswer questions. However,

Lee& Lings (2008)DUJXH WKDW WKH GHILQLWLRQ RI UHVHDUFK PD
perspective. They furthexplan thatresearch is about generating knowledge concetomg

one vievs the world

To sum up, esearch methods are primarily about collectargl analysing data;

methodologies illustrate thkmitations, strengths, and weaknessBssearchers have also
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described research methods as logic when defining the research problem, the formulation of
the hypothesis, the data collection technique, anddternalysis(Creswell, 2016)

3.3. Research Design

This study implemented the theoretical frameworkainlongitudinal case study
comprising two stages. The first stage study featured real cases covering innovation situations
in seven prestigious countries. The second stage in 2018 featured an evaluation of the
conceptual digital innovation framework condegn developing two main criteria

digitalisationpush and demanrgull

3.3.1. Country selection criteria

The innovation and technology trai$tU ILHOGYV DUH RIM/RIQ AR Y\LSINWU H
areas of competency in the industry. To buildrarovative framework, the researchrereds
WR DQDO\WVH WKH FRXQWU\TV LQQRYDWLRQ FDVH HVSHFLD(
to delve into previoug prosperous innovative oatries globally related to services, processes,
and production stakeholder satisfaction. On the other hand, innovation effectiveness in the
context of a nation can be measured by various metrics related to technology transformation

and economic developmien

Global Innovation Index(GlII) hasbeen choseas aguide to finding out the aim of the
case study; GlI highlights that governments are putting innovation at the centre of their growth
strategies. In that light, measuring innovation and providing aaigostatistical benchmark
that capturesational innovation ecosystems is at the core oi¥oeld intellectual property

indicators (WIPO) Global Innovation Index team and mandate.

The GII describes the innovation ecosystem performance of 132 economicacksd
the most recent global innovations trends. Gll indicated that the geography of innovation is
FKDQJLQJ XQHYHQO\ '"HVSLWXSVRGHYLGOR Y\DWMLLAR® H FIDWW- K R
innovation peformance in the world regionsvhich regions prform best in innovation.
Northern America and Europe continue to lead, followed by SBatt Asia, East Asia, and
Oceania (SEAQ)More specificdly, Northern Africa and Western Asia, Latin America and the

CaribbeanandCentral and Southern Asia s@aharan Africa, respectively.

The GII presents various criteria, making it more difficult for tbgearcheto select

based on what camake an appropriate countryase Thus, the needs to considea time
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carefully chosen from (201%2021),andthen pickrandomcriteria from both mairsub criteria
recorded ifHempen, 2002as presentenh Figures (3.1to 3.6)

Figure3-1. Global leaders imnovation 201§WIPO, 2018)

Figure3-2. Global leaders in innovation 20{%/IPO, 2019)
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Figure3-3. Global leaders in innovation 202/1PO, 2020)

Figure3-4. Global leaders in innovation 202%IPO, 2021)
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Figure3-5. Movement in the Gll top 10 from 2014 to 2048IPO, 2019)

Figure3-6. Movement in the Gll top 15 from 2017 to 20@¥IPO, 2021)

3.3.2. Sample Size

Estimating sample size is critical in conducting industrial management. Consequently,
the sample size must be planned carefully to ensure that the research time, personnel effort and
costs are not wasted. Furthermore, the appropriate sample size depethds specified
statistical hypotheses and study design parameters, including the minimal meaningful
detectable difference (effect size), estimated measurement variability, desired statistical power

and significance level. Moreover, such a sampling arraegens part of an ongoing
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comprehensive studgd. Creswell et al 2006) However, selecting the sampling method
depends on the nature of the research study, including theoretical and practical issues
(Taherdoost, @18). Sampling techniques can be classified into two categ@figare3.7).

f Probability or random sampling

f Non-probability or noarandom sampling

Figure3-7. Classification of Sampling Siz@aherdoost, 2018)

The nonprobability sampling technique is one of the most -effgctive sampling
methods. Researchers choose this method because it is regularly related to case study research
design, focusing on fewer samples and examininglifeaphenomengTaherdoost, 2018)
Additionally, the norprobability model requires some knowledge of the cases, and the
population from which the points aselected, as shown in FiguB8 (Uprichard, 2013)
Perceptibly, the only viable choice for sampling the survey waspnmipability sampling, on
the understanding that population generalisation has its limitations because of the unknown
guantity of the population@G WKH VWXG\{V H[SORUDWR{ghob@ilisy XUH (Y
sampling, a purposive sampling technique was used to enhance representativeness, with advice

from academic experts in the manufacturing fi@dunderset al, 2009)

Figure 3-8. Nonrprobability Sampl€Uprichard, 2013)
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Interestingly, the digital era has spread worldwide. Little research has been carried out on the
innovation management of actual spheres; thus, to fill this gap, one needs to explore the
research questions, requirements, and numerous views to test thatimmdramework
criteria. The author believes that the management employees selected belong to a trustable
target population who can provide reliable survey questionnaires. In tofajug6tionnaires

as shown in Table 3Mere completed and returned it a given time frame, a percentage
considered relatively high above the medi@aundes, et al, 2009)

Table3-1 Number of Sample Size
Country UAE China UK Germany USA Japan Canada Total
Responseaumbers 60 50 50 50 50 54 50 34

Nevertheless, selecting different countries was not easy once again; therefore, the
author attempted to decide based on accessible communication and quick response to the
second stage of theurvey. Consequently, the researctiemonstrates that the appriggpion

of the above criteria by Gl is subordination to the future global vision.

3.3.3. Quistioner

,Q PDUNHW UHVHDUFK WKH WHUP 3 TXHVWLRQQDLUH" Ut
completion by survey participants and survey instruments to be admacidby interview,
either faceto- I DFH R U W. B@db@reR&), HI979) andlones.et al, (2013) described
guestionnaires as handy survey tools that alldarge population to be assessed with relative
ease. Dspite a widespread perception that surveys are easy to conduct, a survey needs
extensive planning, time, and effort. Thus, a structured questionsatreated to gather
appropriate data feerformthe intended investigation and achieve the research diomgever
researchers clarified that each method for collecting data has advantages and disadvantages
that should be evaluated before deciding which methods are most suitable for a particular
research topi¢Nardi, 2018)

A questionnairas developed and administeredctintains questions and other items
designed to solicit information appropriate for analysis. Exploratory survey resiarch
conductedduring the early stages of researakbia phenomenon. The objective is to gain

preliminary insight on a topic antb provide the basis for a moie-depth survey. The
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guantitativeanalysis comprises two distinct yet, methodologicallerebnnected research
approachesexperimental and suryeesearct{Coughlanet al, 2009)

An online monkey surveys designed for the study. A critical advantage of online
gualitative surveys is openness and elasticity to declaim a wide range of research questions of
interest to management stakeholders. The authors emphasised that online qualitative surveys

facilitate easy access to a sizeable geographically dispersed popyBtaamet al, 2021)

The online surveys were conducted in seven countries from June 2019 to November
2020. It targeted decisiemakers in various ganisation types: federal, private, academic, and
government. Respondents were contacted throughik LinkedIn, social media platforms,
and official websites for senior firms. Thus, the total number of collected surveys captured
many future demand catexy indicators. From a deep perspective, several comprehensive

surveysweredistributedon various features &even countries, including:

X %RWK ODQJXDJHV 3(QJOLVK -DSDQHVH °
x Full hierarchy innovation framework description

Comprehensive brief f@aubcriteria

Table 32 illustrates the percentage of different level expertise participated in this survey

from each country.

Table3-2 Partcipents Profiles

Characteristics Percetage %

Country Job area
Manufacturers 30
. . Academics 40
The United Kingdom Private Sectors 15
Public/Government Sectors 15
Manufacturers 20
The United Arab Emirates Academics 10
Private Sectors 15
Public/Government Sectors 55
Manufacturers 25
. Academics 38
The United States Private Sectors 22
Public/Government Sectors 15
Manufacturers 33
Germany Academics 17
Private Sectors 22
Public/Government Sectors 23
Manufacturers 45
China Academics 25
Private Sectors 10
Public/Government Sectors 20
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Manufacturers 30

Academics 40

Japan Private Sectors 17
Public/Government Sectors 53

Manufacturers 20

Canada Academics 40
Private Sectors 30

Public/Government Sectors 10

34. &RQFHSWXD O |RritvatdOFRDam®work.

The author believes that identifying the relevant individual framework components,
interpreting their interrelations and setting the appropriate bowsdaf an innovation
framework are determined bthe methodology choice of the researcher. Furthermore,
researchers argue that besides their economic importance, innovation in services affects sectors
beyond the actual service sector and additionally, some services play pivotal roles in innovation
processes throughout the economy as agents of transfer, innovation support, and sources of

innovation for other sectof&van& Damanpour, 2019)

Therefore, the innovation framework largely depends on the research objective and analytical
inquiry. This way, the proposednovation framework can be understood based on an actual

model designed for analytical purposBgrgeket al. (2015) noted that concept boundaries

could be perceived anutually excluding conceptual magnifying glasses, bniggssential

items to the forefrontandgiving areal portrait of an empirical studyMoreover, conceptual

modelling is developd to understandW KH pPHYDOXDWLRQV DQG UHYROX\
managementand to gainspecific benefits realised by manufactureegademics, and
organisationsfacing the challengs that remai(Calabreseet al.2020) The researcher agrees

with Greenwoocet al. (2013) on considering a critical part of the conceptual model to be a

visual representation of a diagram that depicts \WeVWHPV HVVHQWLDO HOHPHC
needto be respeted and the relationshigsetweerstructure and behaviour mus clarified

A diagram is an effectiveneango describe &echniqueo various stakeholders. It alserves

as an operational means to facilitate validation with concerned people; in wthds, it

effectively conveys the scope and clarifies what will and will not be included in the model.

Conceptual modelling is the firdlagie toward formal modellingnalysis and decisien
making of identified problems in the framework configuratidtorn & Brem, 2013) It
provides modelling for measuring and optimising logistics capabilities in the innovation

framework as the main task of this methodology. Moreover, a universal understanding of
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innovation is necessary to conceptualise a system for innoatbio decide what needs to

be measuredZizlavsky, 2016) This study suggests a conceptual framework for future
direction in innovation management in the digital era. It helps to put the differeainst of
innovation management research into categoriestargive an ovenew for managerial
practice highlightingvhich areas of innovation management can be applied to exceed future
demand.

Additionally, building a conceptual framework to name fiedtislcategoriesnto new
branches and streams of research gives uloak on aspects such as Demgoudl and
Digitalisationpush which is reflected in the marketing doctrine and digital transformation for
every aspect of productipand consumption that can increase organizational efficiency.
Hence, the conceptual framerk and discussion of future examination areas will help other
researchers identify future paths of innovation management that are worth focusing on. Finally,
a conceptual innovation framework is introduced based on the synofissslitérature and its
theories

3.5. Decision Making

Decisionmaking (DM) problems are crucial in economics, yet, success in economics
and businss is a specific concern focusiag all life issues; thus, decision analysis is widely
recognised as a sound peective theoryfZavadskask Turskis, 2011) DM is the primary
task of all humans, and the outputadf activities depends on the reliability of the decision
(Mahmoudiet al, 2020) However, DM is not constantly simple, mainly when the problem and
associated information contain uncertainty, vagss or complexit{iiao, et al.2018) Thee
is an extensive range of methodologies in the literature for degisaimg(P. H. D& Santos
et al., 2019) Multiple Criteria Decision Making (MCDM) methods received little attention
despite their ample potential as decissupport toolgJankowski, 1995)MCDM combines

information from several criteria to form a single evaluation in@hen,et al, 2010)

Moreover, MCDM refers to decisiemaking with other and sometimes contradictory
multiple criteria (Liao, et al, 2018) which helps the decisiemaker identify, describe,
evaluate, rank, and select the alternat{isasntis et al, 2000) In general, the MCDM method
employed presents a refined and improved way of dealing with the complex evaluation and
selection problencomprisingfour main component$) alternativesii) attributes/ criteria( B)

relative importance (weight) of each attribute, gl performance measures of options
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according to differenfeatures (Ardil, 2021). From anothemerspective, the nature of the

challenge of choice in decisianaking is explained in two way3ankowski, 1995)

x How to identify the choice of alternatives that satisfy the objective;
x How to reduce/order the practical choice of alternatives to sympathise witltetiie

alternative.

However, researchers obsentadt MCDM could be categorised into two sulifggas shown

in Figure 39:

X Multiple attributes decisiormaking (MADM)is based on analytical decistomaking
procedures that specify how to attributBormation to arrive at a choice tended with
ranking or selectioby evaluating predetermined alternatives.

X Multiple Objective decisioimaking (MODM) aimed at identifying the optimal
outcome by searching for the efficient frontier within a soluticacspundethe given
constraints, involvingimple Additive Weighting (SAW) methods, Weighted Product
Method (WPM), analytic hierarchy process (AHP), Multiplicative AHP method,
Promethee, Vickor method, and Top&iavadskag Turskis (2011)ktated that thre

are four different families of MCDM methods
- The outranking;

- The value and utility programming;

- The multiple objective programming

- Group decision and negotiation thedirgsed methods

In the current research, the researcher opted for the analytic hierarchy process (AHP) for
decisionmaking as related to the future demand for innovation, making it possible to detect

gaps and future research pathways.
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Figure3-9. Strategic alternatives of MulCriteria Decision Making (MCDM) adopted fro@haitanya & Kolla,
(2019)andKeyghobadiet al. (2020)

3.6. Analytic Hierarchy Process (AHP)

Wind andSaaty(1980) introducedhe Analytic Hierarchy Process (AHP) methodology
in the 1970sHarke and Vargaq1987) defend AHP admirably and attribute its lack of
FRPSOHWH DFFHSWDQFH WR 3D UHOXFWDQFH WR PRYH Dz
Furthermore, AHP should be viewed as a lively area for intellectual prqiyfease& Sarkis,
1999) AHP involvespairwise FRPSDULVRQV DQG XVHV WKH H[SHUWVTY G
scale(Meade& Presley, 2002)In other words, the AHP decisianaking depends on the
theory of relative measure based ammparingpairs used for stalardised proposed natural
numbers that elements are then used as priofRiesl. DosSantos et al., 2019Popularity
amongst the decisiemakers facing sophistited decision challenges wherebhgre of the

alternative pillargs the best alternati®leesapawong, 2013)

Thus,the AHP method enables decisiomakers to model a problem into a hierarchal
structure illustrating the relationship amatsfactors(Bayazit, 2005) That sypports decision
makers to deal with equally rational and intuitive judgment to-fatt the best from several

alternatives concerning the number of conflicting fac(Meade& Sarkis, 1999)However
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the pairwise comparison, the mean employed to compare the elements in the hierarchy, can

supply the numerical consequences for operative deamsaking(Fenget al,, 202Q Bayazit,

2005) The technique demonstrates the consistency and inconsistency of decisions

characteristic of this technique, which will be discussed brikflghort, since its release, AHP

has been helping people in numerous fields and industriesmke sensible decisis when

decision criteria areonsideredased orthe followingfour principles(Saaty, 1995Forman&
Gass, 2001)

1)

2)

3)

4)

3.6.1.

Decomposition A complex problem is decomposed i#dierarchy with each level
consisting of a few practicable criteria/elements or clusgrscluster,or subsub
cluster. Each ign turn, decomposed and so on.

Prioritisation 7KH KLHUDUFK\V LPSDFW F UthMughJdaiedH OHP H C
comparisons related &ach of the criteria/features of the level instantly above. In other

words, the dependence on comparative judgments enables one to carry-auseair
FRPSDULVRQV WR GULYH SORFDO®™ SULRULWLHV ZHLJKW

their ancestry.

Synthesis The priorities are pulled together; thierarchic Compositiorprinciple
provides the overall assessment of available alternatives, multiplying the main priorities
RI WKH FULWHULD HOHP HQ Wrpdrt@nceof @ dodt WementE\ WKH 3J

Sengtivity: the stability of consequence to changes in the significance of criteria is
GHILQHG E\ WHVWLQJ WKH WR'S\VKWRW FRH DVIKOH GKXDYQV K H. ©

the criteria/elements.
Data Collection and Analysis Tool

The questionnaire isne of the most popular methods for collecting data in this study.

Thus judgments involving criteria in the hierarchy can be elicited by questionnaire. The AHP

guestionnaire comprises sets of paise comparisons requesting the respondents to compare

the rank of the components in the hierarchy model and theavaluate the alternative

orientations' impacts on the criteria. Utilising ratio scales is one of the pillars of the AHP. The

multidimensional scaling of the elements and their alternatives is tedvi® the identical
VFDOH XVLQJ LQWHJHU 3 WR ~ WR VLJQLI\ WKH LQWHQVLW

(1, 3, 5, 7, 9) represent five attributes: equal, moderate, vigorous, very strong and extreme
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respectively whereas the even numbers arsigieed for intermediate values between the two
adjacent judgements. The intermediate values remedy uncertainty in making a decision. The
standard AHP software 2020 package is ExpertChoice®, used to determine the relative weight

of functional measures, amlime database of references and models that have been used to
EXLOG DQ 3LQQRYDWLRQ IUDPHZRUN" IRXQG DW WKH 3KLHU|

3.6.2. Validation of the proposed framework contents

Criteria and sufgriteria proposed for the framework were extracted from thematic
literature and previous experience. Both subdivisions increase the representativeness of the
final decision. Moreover, the pilot questionnaire was appropriately matched with the absorptive
capacity of the innovation framework criteria, as presented in the inal@ples of the

guestionnaire.

3.6.3. Reliability

Since the present questionnaire is in the form ofyee matrices, its reliability could
be measured utilizing a consistency raBanet al.(2008)suggested the usetbie consistency
index to measure the extent ofnststency. The applied mechanism demonstrates the degree
to which the judgements and priorities can be reliable. Generally, a consistency ratio with equal

or less than ten percent can be considered adequately consistent.

The AHP can maintain the consisty of the group when individual DMs are
consistent, utilising the weighted geometric mean me{Badet al, 2008) where the biggest
HLIHQYDOXH LV GHQRWHG E\ PD[ ClomMates fhdJdor@istericy GHQR
index, Rl means the random index, and the satisfactory extreme value of CR is <0.1. It would
help achive a better level of consistency; therefore can compute th€l values with the
help of the equatiobelow
lefSF e

0,
ot e Fs

(3.1)
% 4 —

Furthermore, the coherence rafiRis calculated by the equatioc@R=CI/CA it is impossible
to satisfy many equations when constructing a pair comparisatnxmThus, the paired

comparison matrix is essential to present consistency; a certain degree of inconsistency in the
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paired comparison matrix can be accepted. In addition, the consistency ratio CR for each matrix
is measured. If th€Ris more extensivéhan 0.10, it implies a 10% chance that the elements
have not been compared well, and the decisiaker should revaluate the comparisodyo

et al, 2021 Nimawat & Gidwani, 202;1Belloulaet al, 202Q Process, 2001)he value of the
random consistency index is shown in tab®(Faherdoost, 2017)

Table3-3 The value of the random consistency index

(n) 1 2 3 4 5 6 7 8 9 10

RI 0 0 0.58 0.9 112 124 132 141 145 149

3.6.4. Sensitivity analysis (SA) in building performance analysis

Sensitivity analysiss a methodology used to validate the stabilityhafimplemented
MADM methods. Itvalidatesmany mechanical applications in static and dynamic analysis
(Chaitanya& Kolla, 2019) Applying SA compels the decisianaker to identify inflential
variables in prophecy, indicatirtge critical variables for which different processes could be
achieved(Sohani,et al, 2021 Asheghiet al, 2020) From another perspective, all SA use a
onefactorat-a-time approach to assess the relative importance of input factories in the
presence of factors uncertainfhis approach is only justified for linear models; however, SA
is identified as a mathematical definition, with output differentiation concerning the input
(Saltdli et al, 2006)

In addition, SA on the effects of fluctuations in the criteria rankings previaeable
insight into the performance of the optiortbe first levelis compared to the second
(alternatives), respective(flahmoudiet al, 2020) Also, it indicates how the possibilities are
prioritised over others concerning the goal. Nevertheless, the framework allows conducting
threshold proximity of decision trees, indlng alternative appaches tanaximality alone
(Machina, 1987)

A series ofsensitivity analyses were conducted to investigate the changing impact of
the priority criteria on the alternatives. Dynamic sensitivity of Expkdicé® was performed
to determinethe accuracy of the last outcome, yet, it was used to dynamically chamge t
priorities of the criteria tandicake how these variations affect the importance of choice

(Bayazit, 2005Saaty, 1995)In particular,SA is a crucial and appropriate stigatcan boost
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confidence in ranking and focus on the probability order obtained through the innovation
framework as shown in Figus=3.10. and 3.1. A different senariois indicated briefly and
more thoroughly in chapter 5.

Figure3-10. Systematic infegraph for AHP sensitivity analysis (SA)
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Figure3-11. Info-graph forthe number of scenarios for the seven countries included in this steady

3.7. Conclusion

This chapter hasrpvided a review of methodology illustrating tdecisiormaking
processes angsing the AHP method to bd a hiearchy innovation framework together with
the widely proposed embedded techniques of AHP. Furtherrimregsearch process used
methods ofOntologyphilosophy, a logical approach to tirspace comparative analysis and
DQ HODERUDW iewlbHNeHdutEFoKrddlit§io/explore research philosophy further
WKURXJK WKH VRFLDO VFLHQFH SDUDGLJP \VconX gKwithV 3SUDJ
generalised conclusions and recommendations on the state of digital technologies in the seven
counties, the achievements in the area, and the issues that need to be addressed. The methods
of analysis and synthesis, economic and statistical analysis, and graphical comparison were

used to study framework criteria.

In other words, the advantage tool usedhis study is the analytic hierarchy process
(AHP). A tool helped build the proposed innovation framework and study the criteria impact
on the future era. Moreover, a practical application of AHP in assessiafjebtsof Demand
pull and Digitalisatiorpushis discussed. The most crucial aspect is the sensitivity analysis

(SA) which explores the relationships between the output and inputs of the modelling
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application. Consequently, it is essential to validate and calibrate therical model, which
checks the robustness of the outcomes against slightehanthe input data; it can clarify the
measures of imptance to sensitivity indicestom retrogression or correlation methods to
variancebased techniques. Accordingly, t84 techniques can reduce uncertainty in MCDM
and the stability of its outputs by illustrating the effect of minor changes to specific input

parameters on outcomes estimation.

It can be concluded that AHEapturesstakeholders'/decisieamakefs perception®f
the relative seriousness of different innovation aspects and impacts, which will help different
types of organisations mature and upgrade organisation glartbe current study the
researcher incorporateithe AHP method with a survey distributed iaven prestigious
countries to analyse the reasonable criteria for an optimal innovation framework ficiutiee

digital era.
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Chapter 4
Developing the new proposed conceptual innovation management

framework

4.1. Introduction

This chaptebuilds on the research instrumentsosen in the MthodologyChapterand
proposs a conceptual framework for innovation managemé@ite proposed framework
DWWHPSWV WR FUHDWH SHUIRUPDQFH LQGLFDWRUV IRU LQ
characteristis, indicating a model timeline of future modifications that a given organisation
must make use of to maintain a competitive advantage. In contrast to previous innovation
frameworks this study is an attempd observe innovation as an organisational phesreon,
it is anticipated that the new framework presemique aspects for future demand.

4.2. The conceptual new generation framework of innovation management

Innovation management theory cannotpoechaseds a tangible product. Academic
theory is a practa construction that attempts to explain phenomena observed in the real world.
Therefore, industry and economics transform theory into an influential aspect in the
RUJDQLVDWLRQ VSHFLILFDOO\ WKH 3LQQRYDWLRQ SURFHV
innovation process as a knowledge transformation process using three significant activities
(Penideeet al, 2013)

A. Knowledge management sourcing
B. Knowledge transformation into a physical innovation (new product or process)

C. Exploitation of Innovation

The continuously rapid and underlying driver for this puphinnovation lies in the
increasing need for companies to develop the ability to adapt to rapidly changing environments
quickly. Timeto-market remains essential forigkimarket and technology adaption, enabled
by a disciplined new product development pro¢®sn der Pannest al, 2003; Sandmeiest
al., 2004) Thus, practitioners and innovation researchers agree upon the relevance of this early
innovation stage, which consistsf gorospect identification, idea generation and
evaluation/assessment, businpEs growth and product perceptigAcklin, 2010; Press,

2019) as presented iefly in Chapter 2. As global development has increasingly built a

competitive presence on the global stage, the conceptual innovation framework will exhibit the
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industrial demand to exceed organisational innovation and substantially meet global
competitiveness The empirical innovation framework is divided into three main critéyia
DemandPull for Future Shape?) Digitalisation Push, an8) Dynamic Innovation System,
ZKLFK IXOILOV RUJDQWVLWOR O VD R BiSeNpR@ddddddth glevi GV LW

4.3. Demandpull for the future shape

According to Rothwell (1994), empirical and practical studies of innovation in the latter
half of the 1960s emphasised innovation as a product of 'pull’ or medkgifluences in need
or demand(Rothwell, 1994) The results of numerous studies published since the 1960s
emphasised the role of tinearketplace in innovation. These developments resulted in speedy
employment creation, intensifying prosperity as®tving asan associated consumer boom,
leading to the quick growth of the consumer goods, electronics and automobile industries, even
thoughdemand during the earlier years exceeded production cagRoitigwell, 1994) This
is generaly favourable resulting irscientific advancement and industrial innovation, as
innovation adoption is redcted in the marketing doctrin€herefore the framework section
will present the most significant transformation aspects whevspprity remained igh,

havingstriven to model innovation in their practice to exceed market demand.

The most significant aspects of demgndl that drive innovation are categorised

according to the seven influences illustrated in Figure 4.1 to meet the global market.
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Figure4-1. Demandpull

4.3.1. SocioEconomic trends

Socioeconomics, known as Econorrgociology, is the study of various economic
phenonena' social cause and effectcén be broadly divided into a classical period and a
contemporary onéSwedberg, 2003)It is also identified as Social Economics, the social
science that studies how economic activities (production, distributionc@mslmption of
goods and services) affect and shape social processes. It analyses how modern societies
progress through technological advancements, science and social organisation, and the
economy stagnates. Societies are split into three groups: satiaral; and economdad. It
also affects how social and economic aspects influence the ecqhetimich, 2017; Levina
et al., 2015)

One of the mosinfluential and possibly complex systemstine social and eonomic
(socioeconomic) systenystems of this sort represent com@gxctures consisting of social
and economic elements. Such systems subsume a complex mix of individuals, groups,

institutions, and organisations interlinked in the economy and sqdawanmardi& Liu,
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2019) Moreover, the systems are made up of humans, iefipabe relationships between
them and their roles. Soeeronomic systems do not pay full attention to humans, but they
consider the character of humans in the systems surroundingBloeiding, 2017) However,

the prolonged period of slow economic growth (traditionally measured in terms of GDP
growth) isusually accompanied by high unemployment, as estimated by macroeconomists,
even though the growth rate may be nominally more elevatedttatin countrieghat do not
experienceeconomic stagnatiof(Kofanov & Zozul® 2018) On the other hand, there is a
common belief among many scholars that the world we live in is a world ofsoacimmic
systems; thus, the experiah world in such practices is associated with human life and society
in all their compéxity and enrichment. The tertsocio-economics” can generally point to the
application of economics in the scrutiny of societyD S O L& \PBldschus, 2011)

Global trends in creating strategic management systems focus on developing
forecasting methods and models (semtmnomic and technological ones) that form the
foundation of sociceconomic planning. They alsdesign economics, its household;
mechanisms ofintergenerabnal mobility and transmissionaccumulabn processes of
resourcesshort and longterm effects of institubnal change and policy reforms ahe speed
of convergence between East and WKsifanov& Zozul ov, 2018; Goebadt al, 2019) It
is a component of polital, climatic, temporal, and other characteris({issov et al, 2016;
Fedulova& Komirna, 2A7). However experts address various social and economic
development issues through specific planning, design, and management methods, many of
which have long proven effective. According Kovacs, & Kot (2017) industrial
transformation, which focuses on mineral resources, has several implications for socio

economic growth.

Additiondly, as Patrick, et al. (2007) pointed out transitions observed in the market
are considered the dynamic sceeiconomic process in whereby dynamics determine
charging demand and produservicecombinations in the needs and concerns of society.
Moreover, as these soeswonomic conditions are continually changing, this is thought to
modify incentives and consumer behaviours, thus placing the onus on modern organisations to
predict how such pathays for consumer solutions may evol@@afirovski, 1999) This
association led authors to suggest that characteridgfising a product or solution as
innovativewould be found repeatedly within these seemnomic zone¢Bareghehet al,
2009)
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Scientific and business society's acknowledgement of the character of innoaations
most effective economic development defined the swiftnedgferent processes in this area
the support for which became one of the national priorities several yeafSsagailzadetet
al., 2020) Experts often pay attention to specific examples of dynamic development of
territories and substantial expenses for innovative development, as innovation is gaining
traction globally in emerging economies and the industrialised wondari, et al, 2017)
Nevertheless, experts regard innovation as a critical topic in today's global competition. A
recurring issue was the need to localise products, which was considered anledsandiat
in innovation(Fedulova& Komirna, 2017; Tiwariet al, 2017) According to past researchers,
the socieeconomic approach to economic exchange, including its market modes, recognises
and analyses isocial conditions.tldefines markeeconomic exchange as a particular form of
social action(Zafirovski, 1999) As explained, te concept of sustainable development was
proposed to make positive so@oonomic transformationand it can be implemented through
innovation(Kofanov& Zozul ov, 2018) So, socieeconomics is the most crucial aspect of
demandpull to meet the global competition; as a result, building an innovation framework is
especially important for understanding and often modelling social and economic behaviour
toward social needgZavadskas& Turskis, 2011) Baregheh et al, (2009) noted that
characteristics defing a product or solution as innovative would be found repeatedly within
these socieconomic zoneshence,the inclusion of the Sociecanomic in the proposed

framework is vital.

4.3.2. Sustainable Development Goals (SDGSs)

Dueto economic and technologicalmiate changes, attention is placed on Sustainable
Development (SDjTomas.et al, 2016) The primary thregillar paradigm of SD introduced
by the United Nations (UN) includes economic, social and environmental indi¢Btoss
Santos et al., 20190k is believed KDW VXVWDLQDEOH GHYHORSPHQW 3FDQ
the current generation arttlat it does not have to consume the capability of the future
generations. People must find meaningful ways to turn it from a general concept into reality
(Wu et al., 2018) According toBaboshkina,et al, (2018), managing SD in longerm
programmes demands the growthtaf region's strategic management gdaidevious research
has shown thahnovation can implement sustainable developm®&eyfang & Smit{2007)
state that the contemporary stapt phenomenon is shared among the modern innovation

drivers. The term "stap" refers to the newly created projects and companies that develop
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innovative products or services while looking #o costeffective, reproducible and scalable
business model to become a viable and successful organisation. Nevertheless, the Federal
Government of Germany underlined that sustainable development creates innovation from a
position of responsibility for # present and future generatiqi@ermany F. Government,

2014)

This section aims to contribute to developing relevant Sustainable Development Goals
as the current format of SDGs is to be implemented as one of the main aspects of the innovation
framework’'s DerandPull. Griggs,etal. (2013)remarked thathe definition of SDG®ntails
the development that meets the needs of the present while safeguarding the undeHying life
support system Earth that sustains &&venteen goals within this adapted framework are
conceived withthe active participation of UNESCO, building on M#lennium Development
Goals (MDGs) achievements September 2001, building upon the Millennium Declaration,
the United Nations (UN) presented the Millennium Development Goals (MDGS) as a list of
commongoals for the global community teeachievel by 2015(Fehling,et al, 2013) These
introduced "macreéconomic and social issues, including climate chaggmnomic inequality;

managing innovation; sustainable consumption; and military péaldd'SCO, 2019)

Moreover, the MDGs have remained a focus of global policy debates aondahati
policy planning for more than a decade. They have become incorporated into the work of non
governmental organisations and civil society more generally and are taught to students at all
levels of educatiofLowe, 2012) Moreover, his focus on climate change and the ability of an
organisation to comply with changing environmental regulations is increasingly impacting
decisions made by organisations, with environmental sustainability becoming, in some cases,
a criterion for modifying an innovative new product for the mark@lola, 2019)
Consequently, althougtimeyonly beginto influence innovation management in private sector
organisations, governments already use environmental regulations (ERs) to streamline firms
for sustainable growth and developmé@Ramakrishnanet al, 2018; Zhougt al, 2019) In
September 2015ustainable development by 2030 agemdsa approved by the United Natsn
(UN.) in its Summiin NewYork. Thesummit proposed a new indicator framework, associated
with the universal indicators, for international corporations to achieve sustainable development
between 2015 and 2030, includisgventeen new Sustainable Development Goals (FDGs
(Shenset al, 2015; Wuet al, 2018; Entlet al, 2021) asshown inTable 4.1 andFigure 4.2.
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Table4-1 Sustainable development goals (SDG)

17 Sustainable Development Goals

Goal.1  End poverty in all its forms everywhere

Goal.2  End hunger, achieve food security and improved nutrition and promote susta
agriculture

Goal.3  Ensure healthy lives and promote wiedling for all at all ages

Goal.4  Ensure inclusive and equitable quality education and promote lifelong lee
opporturities for all

Goal.5 Achieve gender equality and empower all women and girls

Goal.6  Ensure availability and sustainable management of water and sanitation for all

Goal.7  Ensure access to affordable, reliable, sustainable and modern energy for all

Goal.8 Promote sustained, inclusive and sustainable economic growth, full and proc
employment and decent work for all

Goal.9  Build resilient infrastructure, promote inclusive and sustainable industrialisatiol
foster innovation

Goal.10 Reduce ierquality within and among countries

Goal.11  Make cities and human settlements inclusive, safe, resilient and sustainable

Goal.12 Ensure sustainable consumption and production patterns

Goal.13 Take urgent action to combat climate change arithjpacts

Goal.14 Conserve and sustainably use the oceans, seas and marine resources for st
development

Goal.15 Protect, restore and promote sustainable use of terrestrial ecosystems, sus
manage forests, combat desertification, and haltreaverse land degradation and
biodiversity loss

Goal.16 Promote peaceful and inclusive societies for sustainable development, provide
to justice for all and build effective, accountable and inclusive institutions at all |

Goal.17 Strenghen the means of implementation and revitalise the global partnersh

sustainable development
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Figure4-2. Sustainable Development Goals (Wu et al., 2018)

SDGs need to be included in the Dem#&hdl as one of the significant aspects of
economic growth and innovation. The inclusion is explained in more detail in the 2030 (SDGs)
plan, and associated targets form a practical framework for determinirggaedlresearch
impact(United, 2015) as shown in Table 4.2.

72



Table4-2 SDGs (89) including subtargets by 2030

Goal.8

Promote sustained, inclusive, and sustainable economic growth, full and proc
employment and decent work for all

8.1

Sustain per capita economic growth following national circumstances and, in part
at least 7 per cent grosltomestic product growth per annum in the least develc
countries

8.2

Achieve higher levels of economic productivity through diversification, technolo
upgrading ad innovation, including focus on high valuadded and labotintensive
sectors

8.3

Promote developmeiatriented policies that support productive activities, decent
creation, entrepreneurship, creativity and innovation, and encourage the formalizat
growth of micre, small and mediurrsized enterprises, includingccess to finaral
services

8.4

Improve progressively, through 2030, global resource efficiency in consumptio
production and endeavour to decouple economic growth from environmental degra
in accordance with the 3ear framework of programmes on sustainai@esumption
and production, with developed countries taking the lead

8.5

By 2030, achieve full and productive employment and decent wordllferomen and
men, includingyoung people and persons with disabilities, and equal pay for wo
equal value

8.6

By 2020, substantially reduce the proportion of youth not in employment, educati
training

8.7

Take immediate and effective measures to eradicate forced labour, end modern
and human trafficking and secure the prohibition and eliminatigheoworst forms ol
child labour, including recruitment and use of child soldiers, and by 2025 end child |
in all its forms

8.8

Protect labour rights and promote safe and secure working environments for all w
including migrant workers, in pa@cular, women migrants, and those in precari
employment

8.9

By 2030, devise and implement policies to promote sustainable tourism that creat
and promotes local culture and products

8.10

Strengthen the capacity of domestic financial instititittnencourage and expand acc
to banking, insurance and financial services for all

Increase Aid for Trade support for developing countries, in particular, least deve
countries, including through the Enhanced Integrated Framework for -Reated
Technical Assistance to Least Developed Countries

8.b

By 2020, develop and operationalize a global strategy for youth employmer
implement the Global Jobs Pact of the International Labour Organization

Goal. 9

Build resilientinfrastructure, promote inclusive and sustainable industrialisation
foster innovation

9.1

Develop quality, reliable, sustainable, and resilient infrastructure, including region.
transborder infrastructure, to support economic development andamumellbeing,
with a focus on affordable and equitable access for all

9.2

Promote inclusive and sustainable industrialization and, by 2030, significantly rai
industry's share of employment and gross domestic product, inwdite national
circumstaces, doublingts share in the least developed countries
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9.3

Increase the access of smsthle industrial and other enterprises, in particula
developing countries, to financial services, including affordable credit, and
integration into valuehains and markets

9.4

By 2030, upgrade infrastructure and retrofit industries to make them sustainablt
increased resouragse efficiency and greater adoption of clean and environmer
sound technologies and industrial processes, witlealhtries taking action by the
respective capabilities

9.5

Enhance scientific research, upgrade the technological capabilities of industrial se
all countries, in particuladeveloping countried)y 2030, encouraging innovation ai
substantially increasing the number of research and development workérsnpkon
people and public and private research and development spending

9.a

Facilitate sustainable and resilient infrastructure development in developing col
through enhanced financial, technological and technical support to African cou
least developed countries, landlocked developing countries and small island deve
States

9.b

Support domestic technology development, research and atioovin developing
countries,by ensuring a conducive policy environment, industrial diversificatiod
value addition to commodities

9.c

Significantly promoteaccess to information and communications technology and ¢
to provide universal and affordable access to the internet in the least developed ci
by 2020

Therefore, we stress the other maamcept SDGs can also be used as a reference or address

research impact on management. Moreover, management research can contribute to the SDGs

(Nilsson, et al, 2016; Biggeriet al, 2019; Chamanet al, 2020; Nations, 2020; Hooeaux,
2021; Jeffrey& Sachs, 20213s indicated below

x Firstly, on how to deal with them from a management perspective. Beitides

importance, the SDGs are extensive and complex, comprising the already mentioned
17 goals and 169 targets and more than 300 indicators. Several authors highlight the
need to deal with the SDGs from an integrated perspective to combat this complication.
Secondly, SDGs assessments were previously more directly related to their original
purpose, oto how to evaluat¢hecountries' performance regarding their presumed SD
targets. Nevertheless, the SDGs have also been used as a parameter for introducing or
evduating SD in different areas or levels of analysis. For instance, the SDGs have been
considered to implement sustainable organisational strategiegoaasisess their
performance. Moreover, Management research can address how these assessments

occur and malyse the degree of efficacy in implementing SDGs in diverse institutions.
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Innovation and research are vital todeterm economic developmeniivestment in research

and development (R&D) has undoubtedly increagesl a real global exampl&igure 4.3

bdow presents the role of (R&D) in management analysisaaghgareal global impact. In

Goal 9: ndustry, innovation, and infrastructuaee described as factors thaHild resilient
infrastructure, promote inclusive and sustainable industrialization & W WHU LQQRYDWLR(
clear that "globammanufacturing output growth witnessagharp decline of 6.0 per cent in the
first quarter of 2020 due to economic lockdown measures. China, the world's largest
manufacturer, was battered by COVID in the fist quarter of the year, registering an
unprecedented drop of 14.1 per cent in manufacturing output. Since manufacturing is
considered an engine of overall economic growth, the global slump in manufacturing
production has severely impacted the econofyilted Nations, 202Q)

Figure4-3. The quarterly growth rate of manufacturing output compared to the same quarter the previous year,
the fourth quarter of 201@Jnited Nations, 2020)

Furthermore, according to various human needs perspectives, the 17 SDGs can be
roughly classified ito three significant dimensionsocial, economic, and environmentally

sustainable developme(@hams& GarciaBlandén, 2019)Within each element, there are
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alsoseveal SDG categorised related to each otlfiging into smaller groups according to
different perspectives of people's needs, such asutiiinent, psychological, and basic needs
(Wu et al, 2018) The classification is shown in Figure4below

SDGs attainment requires aagegic process involving several actors: the private and
public sectors, governments, muittional enterprises, naggovernmental and philanthropic
organisations, and individua{f€hams & GarciBlandén, 2019)Thus, the UK Government
links with sustainability in the DTI 2003 Innovation Report, stating that innovation is essential
for meeting the environmental challenge. In this veinystanable innovation’,
‘ecopreneurship’, and 'eefficiency’ are key terms used to describe the greener business
activity espoused by bodies such as the World Business Council for Sustainable Development.
Alongside greener business innovation, the gawemt aims to promote sustainable
consumption through ‘'market transformation' and develop more sustainable market choices for
products and servicelSeyfang & Smith, 2007; Schumacker, 200Bjom the business
standpoint, the essential objective of the SDGs is to establish "sustainable, innovative, and
peopleoriented” econonais that enhance employment opportunitf€hams & Garcia
Blanddn, 2019)

Figure4-4. SDGs are classified into three dimensions according to human (Wads al., 2018)

Although innovation is a valuable tool for developing countries, sustainable
industrialisation is still in its early stages. Scholars explored the dynamic mechanisms that

affect the evolution ofndustrial products whethey adapto changing environment3.he
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authorsalso discussed the impauft evolutionary theory on environmental innovati@wcuti,

et al, 2020} an incremental innovatiebased strategy called&evolution has been proposed;
it aims to understand the procedures, functionalities, and roles-to-@md Innovatior{Jofre,
et al, 2008)

Economic growthis sustainability based on two main aspedistly: innovation,
mainly touched upom SDG 8 ("Sustainable Economic Growth and Productive Employment
and Decent Work™) and SDG 9 ("Sustainable Industrialisation Fogter Innovation™).
Secondly society 5.0which has multidimensional significanceaperception of a technology
driven society that purports to be sugearart and peopleentric. Consequently, Society 5.0
does not just provide a vision to guide Japan's science and technology strategyllbsgrve
other purposes whicbe highlightedin detailin the next section; its relevance extends to the
political and economic spherédolroyd, 2020) It offers excellent hints on how to forge a
future sustainable econoengrowth through societal relationshif3eguchi, 2016)In other
words, Society 5.0 aligns actions and objectives with the SDGstlientN development
programme; itis defined as a "universal call for ending poverty, protecting the planet, and
HQVXULQJ WKH HQMR\PHQW RI SHDFH DQG SURVSHULW\ E\ I

The SDGswere planned to achieve collective progress between governments and
citizens, thus avoiding the consequences of social inequality. Therefore, the Japanese
government defines the following actions to be implemented and carried out within Society 5.0
to acheve the objectives of the SDGs in the year 2030, as illustrated in Figu(@drBaez
Rojaset al, 2021) Furthermore,hte researcheatefined Society 5.0 as the next principal aspect

of DemandPull.
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Figure4-5. Society 5.0 for SDGs (Rojat al, 2021)

4.3.3. Society 5.0 (Science, technology & innovation strategy)

The government of Japan has introduced the vision known as *Sopat Society",
alternatively, the "Society 5.0" science and technology basic plan. Moreover, the preliminary
plan proposes the idea of Society BHkuda, 202Q)a vision of a future society guided by
scientific and technological innovation. This new society is created by transformations led by
"scientific and technological innovation, after hung@therer society, agricultural society,

industrial society, an information societyDeguchi, 2016)as shown in Figure @.

78



Figure4-6. Contextualising society 5.0 categories (Deguchi, 2016)

In 2017 the Japaneggovernment addressed the comprehensive strategy on science,
technology, and innovation for the 2017 vision states of Society 5.0. Furthermore, to thrust
capitalism and gain highuality lives of comfort and vitality, a humanentred society will be
able tobalance economic advancement with the resolution of social problems by providing
goods and servicdslolroyd, 2020) Nevertheless, Science, technology, and innovation (STI)
policies have created the world as it is today. In medieval Europe, kings and princes were
engaged in the competitive support of science anfFakuda, 2020)This competition was
considered to be crucial for the relative success of Europe as compared to, for instamage, Chin
where the centralised control slowed scientific prog(€bsmminade& Lundvall, 2019) The
competition mde fostered a culture, still with us today, of open science, where the individual
scientist has positive incentives to share knowledga@oantribute to the common growing

foundation of scientific informatioMayumi, 2018)

Any new scientific theory, working technology, or service owvation requires
implementation thwugh human resources. However December 2017, the "New Economic
Policy Package" was adopted to implement measures in the "Investment for the Future Strategy
2017", including a human resource development revolutiorsapgly system innovation as
key policiegMayumi, 2018). As the competition and complexity of modern markets increase,

this will ultimately impact how human resources are transferred and allocated to innovations
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(Rojaset al, 2021) This transition to a knowledgesed economy will pressure governments

to shift displaced employees into research and R&D development positions. Moreover, this
dynamic shift of human resources to resedorfused functions will require three prominent
roles for every future organisation to maintain its competitive advaritageentific research,

2) technological development, aBjlinnovation capacity management for the organisation as

a commercial entityChaturvediget al, 2019)

Keidanren (Japan Business Federation) is Japan's most crucial federation. K is well
aligned with Corporate Behaviour, including a section on the "Reahsat a Sustmable
Society". The primary aim of proactively delivering on SDGs through the creation of Society
5.0, Strategy is the direction and scope of an organisation over the long term to benefit the
organisation through its configuration of resources withinadlehging environment, meeting
the needs of markets, and fulfiling stakeholder expectations. There is a correlation between
innovations based on science, technologies, and societal changes; sustainability is a crucial
concept for innovation processes med by Society 5.0 due to its thoughtful relevance in
economic, social, and environmental dimensions. However, sustainable innovation integrates
sustainable environmental, social, and financial considerations into organisational systems.
Consequently, #t integation generates ideas for R&D to imprauedto generat@conomic
growth as desed in DemanéPull, Figure 4.7(Fukuda, 2020; Narvaez Rojasal, 2021)

Figure4-7. The relationship between innovations based on science, technology and changes in society (Fukuda,
2020; Rojast al, 2021)
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4.3.4. Competitive Advantages (CA)

The extant literature in management illustrates the increasing needtéprises to
achieve sustainable competitive advantage in the increasingly turbulent and unpredictable
business landscapes of the 21st century. The pressure of attaining and maintaining a
competitive advantage increases in today's market environmemsistent with this,
globalisation has created a mindset of the world as a single market, creating substantial
uncertainty in the competitive situation by bringing about fundamental changes in the
traditional boundaries of nations, industries, and compalmieddition, such changes continue
to challenge the conventional rules of competi{/daelpel, et al, 2004).

According to Baltzan(2010), competitive advantages (CAs) can be defined as
"possessing a product or service that customers value more highly than funcsonady
offerings from its competitors”. From another perspective, Comparative Advantage, Cost
advantageand Differantiation Advantage refer to ttiem ability to generate goods services
at a lower cost compared to otleampetitors, allowing the organisation to minimise price to
enable the competition to develop a more significant margin on sales and s@ajpeaskar,

2014) Companies are experiencing substantial pressures from increased levels of competition,
speedily changing market needs, higher levels of technical obsolescender phaduct
lifecycles and the heightened importance of meeting the needs of progressively sophisticated
customer¢Shepher& Ahmed, 2000)Thereforeprganisations have to build new competitive
advantages for future growth. Consequently, organisations must be able to research and
devebp innovative processes, considered amibiegfactors causing competition and change

(Fongsuwaret al, 2017)

Tidd et al. (2005)andMeesapawong (201&pnsidered innovatioasa top priority to
sustain competitive advantages in many countries. Innovation is recogniaqua®ss that
includes embodyinga novel idea into a usable product or service to gain a competitive
advantage in the global markéNagano, et al, 2014) Additionally, introducing and
maintaining continuous change can signify competitive advantages in terms of cost reduction,
increment in products' life cyclesicreasan sales and a global market perspec{iéaro-
Garciaset al, 2017)

Further, scholars argue thatrteeet rapid transformationsne need#o ensure that one's
products or services remain functionally superiohtmcbmpetition;defining a functionality

focused and perceptiofisccused competitive advantage also requine®vation within the
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organisation. This more conscious innovation management model could incorporate Porter's
Five Forces, three generic strategi@and systems capable of anticipating value chains.
However, despite several researchers' views that conscious processes of innovation
management will be required to innovate for the market systematically, researchers such as
29%ULHQ DQG O0DBugdgest ibatinnovation remaiwholly dictated by market forces.
Furthermore, organisations can follow one of five basic competitive stratggpesfied by
Porter(2008): 3FRVW OHDGHUVKLS GLIIHUHQWLDWLRQ LQQRYDW

Besides, within this paradignmgn organisation must follow five basic competitive
strategies: cost leadership, differentiation; innovative systems for growth; and alliance
formation(Bakhshinejad, 2014; Willia., 2016; Diran, 2017)Teece(2010)further elaborates
that strategy formulation "coping with competitioim’ cortrast, the dynamic capabilities are
about "shaping competition itself' through "selecting and developing technologies and
business models that build competitive advantage through assembling and orchestrating
difficult-to-regicate assets."#thermore, B/ is the relatioshipbetween top management and

their customergHolm & Andersson, 2017)

Similarly, Urabe(2018)observe thatit is frequenin the early stages of a new industry
that radical product innovation is the most widesgr form of Innovation. In contrast, the
cumulative effect of incremental innovation through minor changes in established products
seems to have a more critical economic impact on protecting competitive advantage; hence,
innovation is a significant driveof growth and sustainable competitive advantage for
organisationgShepher& Ahmed, 2000)The Global Competitiveness Report was presented
in a speciakdition of 2020 at the World Economic Forum. The Global Competitiveness Index
(GCI) contained in the report has continued to evolve along with the latest economic thinking,
society's needs, and technological developments. However, there are prioriiesnfomies
across three timeframes: those of the last decade as revealed bseriiese data on
competitiveness factors, presented in section 4: "Reviving and transforming the innovation
ecosystem.{Klaus& Saadia, 2020)Table 4.3.
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Table4-3 Reviving and transforming the innovation ecosystem

Trends and Crisis Revival Priorities for the Transformation
Impact From the next 1-2 years Priorities for the next
financial crisis to the

pandemic crisis 3-5 years

Entrepreneurial  culture Expand public R&D Incentivise and expand
was strengthened in th investments;  incentivise patient investments in
past decade but has n venture capital, R&D in the research, innovation anc
resulted entirely in private sector, and th inventon that can create
Reviving and creating new firms. Ther diffusion of existing new "markets of
transforming is a lack of sustainer technologies that support tt tomorrow".
the innovation creation ofbreakthrough creation of new firms an

. o Incentivise  firms to
ecosystem technologies. Where employment in "markets o

embrace diversity, equit
there has beel tomorrow". Y, equit

. . . and inclusion to enhanc
innovation, it has no

been widely successful creativity
delivering solutions tc
increasing energ)
consumption, managin
emissions and meetin
the demand for inclusiw

social services.

To conclude it can benotedthat the competitive advantage built through the innovation
process is a consequence of business growth, which generates speed and produces efficiency
gains through sharing resources and services. Business model innovation is a source of value
creation ad competitive advantagemanagers can thus target emerging markets more
efficiently. In a way, the experts or future entrepreneurs can guarantee the competitive
advantage of their schemes fmpmotingthe appropriate knowledgenhancingerformance

and bllowing-up business model innovation.

4.3.5. Business Model (BM)

Business model (BM) has flourished since the end of the 90s in managerial studies,
specifically with the beginning of the internet and its massive adoptioitainenerce. BM is
crucial to any orgasation; it furnishesa powerful approach to understanding, analysing,

communicating, and managing strategically oriented cho{etsmrouni, et al, 2018)
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Generally, he concept (BM) refers to two differeuses that can be identifiéithe firstdefines

what we might call a static approach; éxgression is ‘'model’, establishic@herence between

its core components. The second use represents a transformational lappooadered a
concept or tool to address chandecusng on innovationDemil & Lecocq, 201Q)In contrast,

there are mainly two core components of a business model. The first is the basic unit of
business, which is éhbuilding block of any strategy because it refers to what customers pay
for. The second is an organisation'soqess or operational advantagehich yields
performance benefits to enjoy superior efficiency or effectiveness on the key variables
influencing its profitability (Mc Grath, 2010Q) Nevertheless, a business model definition
consists of four interlocking elements that create and deliver (@bréer, 2008)

According to Joan (2002); Chesbrough, (2007); Fehkngl, (2013)the functions of

the business model are as follows:

a) Articulating the value proposition, the value created for users byfteang.

b) Characterisinga market segment: the users to whom the offering is valuable and for
what purpose.

¢) ldentifying the value chain structure required by the company to create and circulate
the offering andto determine the complementary assets neewedupport the
organisation's position in this chain.

d) Specifying the revenue generation procesiasthe business and approximatitige
cost structure and profit potential of producing the offering, provided the value scheme
and value chain structure aselected.

e) Describingthe company's position within the value network (an ecosystem) linking
suppliers and customers, including identifying potential competitors.

f) Formulatingthe competitive strategy that the innovating firm will gain an advantage

over.

A business model articulates the customer value proposition, the means to crefterthat
values, the network of partners needed and the approach to capture some of tHfentllee
firm (Smart,et al, 2016) Figure 4.8.
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Figure4-8. The 4V's of Business Model: Cambridge Business Model Innovation Research Group (&B#&)
etal,, 2016)

Most of theexisting literature has accepted a static view, forgetting that business
models may be topics to change; tmeyst be thus treated as dynamic conc@piankenberger
et al, 2013) The unique perspectives are that a continuum between minor, incremental
improvements to existing business models led to more radical advances that fundamentally
challenged predominant business models within the indySchalteggeret al, 2012;
Pedersenet al, 2018) At this point, a Business Model Innovation (BMI) can be d&fias a
novel approach to creating, changing, and capturing value in a time of high environmental
unpredictability (Spieith, 2013) At the same time, BMI is a central issue in management
practice(Abdelkafi& Pero, 2018)thus it has a high priority in the future agendas of managers
(Zott, et al, 2011)

BMI is a new approach for a company to do business and gain nilerank, et al,
2019a) Moreover, academics regularly classify BMI by giviligstrationsof fundamentally
new techniques of doing business from successful companies such as Witpleand
Southwest AirlinegAbdelkafi& Pero, 2018)The most outstanding scholars argue that BMI
should be a function of corporate strategic entrepreneu¢€hipculelli & Bettinelli, 2015)
intendedto establish a dect link between customer intimacy, operational excellence, and
product leadershigDahanet al, 2010) SMEs are considered the driving force in most
economies, responsible for employment, innovation, and growth, as often argued by the
Organization for Economic COpeation and Development (OECD), the European Union, and
national government&€ASME, 2015)
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A hostof leading universitiesperatingin "Cambridge, Exeter, and IFM management
technology policy" has identified essential attributes and configurations réingforce
competition with the dominant model (and new erttraiternatives Three apparent
propositions aréenferred:(Smart,et al, 2016)

1. A business model is a holistic, contextualised design of attributes (and
activities) representing value proposition, value creation, and value capture.

2. Business model innovation seeks to identifyque configurations of business
model attributes to compete with the dominant and new entrant models.

3. Disruption is how a new business model acquires the customers and
beneficiaries of the dominant model or creates new markets.

From the sustainability point of view, tleablebusiness model in terms of innovation
is a complex and multifaceted phenomenon; thus)\e§séntial to understand its various
manifestationgPieroni, et al, 2019) sustainable businessodels generally aim to integrate
economic, social and environmental aspects in their value creation and value capture processes
(Geissdoerfeet al, 2020) Sinkovicset al, (2021)identified eighttypes of business model

innovationTable 4.4

Table4-4 Different business models are related to the sustainable business model innovation concept adapted.

Sustainable Business Model Definition
Manifestations
Sustainable business model A business model that aims to increase positive eff

(and/or) significantly reduce adverse effects on
emvironment and society by indicatitgpw an organisatiol
and its networks create, deliver and capture vdludeke
Freundet al, 2018)

Base (bottom) of the pyramid A business model aims to simultaneously alleviate pov

business model and increase profitability by developing radical innovatis
to cater to the needs of the poor and other vulner
communitiegPrahaladet al. 2012)

Circular business model A business modébuilt on a circular economy aiminig
achieve circularity across the business model, a vel
view (value proposition, value creatio& delivery, and
value capture) and a horizontal view (cyclimxtending,
intensifying, and dematlising) (Geissdoerferet al,
2018)and(Geissdoerfeet al, 2020)
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Lean and green business model A business model ins@d by the lean philosophy, aimir
to maximise customer value by minimising wa@alocco
et al, 2019)

Product sservice system A business model with tangible products and intang
services jointly aimed at maximising customer satisfac
and fostering sustainabilifArnold, 2004)

Sharing economy business model A business model fédiating temporary access to ¢
underutilised product by mediating between resot
owners and resource users via a sharing platf@umtis &
Mont, 2020)

Socialbusiness model A business model that aims to achieve social goals
generating tangible and intangible social value
increasing the relational and mutual interactions am
market participants-DEaR VREA&AR VNL

Integrative business model An integrative business model thaalances all thres
aspects of sustainabilif)Kleine & von Hauff, 2009)

4.3.6. Stakeholder Egagement (SE):

Stakeholder engagement research has typically focusedherconceptual and
theoretical developménScholars have defined stakeholder engagements (SE) in the different
connections in the business field. Greenwood (2007) deStaseholder engagements as
"practices that the organisation undertakes to involve stakeholders positively in organisational
activities." He separates stakeholders from corporate responsibility, a purely moral attitude and
considers engagement practicestaategic efforts through which "an organisation responds to
the needs of stakeholders to further the organisatigoals (Greenwood, 2007)
Notwithstanding, many academics define stakeérs as "a group or individual who can affect,
or is affected by achieving a corporation's purpgéeeeman, @10; Ghassim& Bogers,

2019) Moreover, he research has provided insight into stakeholder engagement in
organisational activities, such as value creation, strategic planning and detakinmg,
innovation, learning and knowledge creation, reportaogporate social responsibility (CSR)
and sustainabilityKujala et al, 2022)

4.3.6.1. Stakeholders within Corporate Social Responsibility

From a Corporate Social Responsibility (CRS) perspective, the Stakeholder concept is
one of the ubiquitous scientific and practical instruments relat€®® issues. Moreover, SE
has also been considered a powerful method to facilitate interactive shared learning processes
capable of promoting transformative actions and social change to build and maintain a robust

reputation in the markgiCosmaet al, 2021). Manetti (2011) stresses the importance of
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organisationsrespecting stakeholders' opinions in preparing sustainability repO8&
activities must consider all the stakeholders of an organisatien the bestmeansfor
organisations to obtain stakeholders' views is to engage them in sustainability reporting
(Manetti, 2011). Thus, organisations have realised that their business's success depends on their
level of accountability to a broad group of stakeholders by providing commercial, social and
environmental informatiorfTegofack, 2021) Moreover, scholars emphasised the need for
transition to a new management thinking based on the idea of the stakef@iderovaet

al., 2018)

4.3.6.2. Stakeholders within the sustainability of Economics

Sustainability is one of the most critical challenges of our time. The augmentation in
size and significance of social and environmental challenges has made it inevitable for
organisations to integrate aspects of sustainability. The primary strategic $ocaseither
profit-seeking or services; as a result, that led to the emergence of a corporate sustainability
perspective, which proposed economic, environmental and social sustainability as pathways to
gain a competitive advanta{@hassim& Bogers, 2019; Cosnt al,, 2021; Tegofack, 2021)
Sustainability ultimately improves the competitiveganisation's position in the market
(Pedersenet al, 2021) Enhancing competitive advantage requires input from different
stakeholders with various backgroundisey must work simultaneously with the other skills
and knowledgehey possess. As such, they contributartproving the levels of exploitation

which involves understanding the essential stakehol@feenkenberge& Sauer, 2018)

The relationship between innovation and sustainability te®ived significant
attention from private and government research organisations. On the one hand, it is argued
that true environmental sustainability is incompatible with the process and value chain behind
consumeffocused products; consumers' incentivemuld need to change for such
organisations to achieve sustainability and competitive advantage simultan@tidsiyolu
& Rangaswami, 2005Nevertheless, strengthened stakeholder relationships can become a
significant competitive advantage in trust, reputation, responsibility, and innoyAtioso et
al., 2011) Additionally, some researchersave reportedthat engaging in proactive
relationships with their takeholders will also helpgntegrate the obtained stakeholder
perceptions into their organisational innovation process from a sustainable development

perspectivéKujalaet al, 2022)
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4.3.6.3. Stakeholders within Innovation

,Q WWKH UHDO ZRUOG Y HDFK VWDNHKROGHU FDQ LPSDF
are many more new stakeholders. In digital society, new stakeholders in social media such
as 'Facebook Twitter, and LinkedIn" can substantially impact corporations. In the context of
rising social and environmental push, innovation is one primary means for companies to
achieve sustainablalevelopment. However, pursuing additional sustainable products,
processesand business models will demand fundamental changes in traditional innovation

approachegAyuso et al., 2011; Song et al., 2015)

Furthermore, innovation can be a critical business activity to stimulate economic
growth(Wu, 2013) The intrapreneurial and entrepreneurial ecosystem makes it a perfect haven
to launch innovations in products and services to create value for all associated stakeholders,
including companies, collaborators, and custon(@iek et al, 2015) Provasnelet al. (2017)
among othelcademics suggest that learning how to create shared value for companies and
stakeholders presents the best opportunity for businesses to ensure operatsateesslin
the long termShared value aligns companies' and stakeholders' concerns by merging social,
ecofriendly, and economic processes. Likewise, achieving consensus among stakeholders
about the purpose of innovation can be seen as a challenge beicaudgéple stakeholders'

diverging visions, goals, motives, and val(@@aporikar, 2014; Blolet al, 2015)

Typically, stakeholders are more needed, as stakeholders' expertise and experience act
as sourcefor new ideas; they establigshcoordinative and drawing platform that gathers all
relevant opinions from stakeholders and ensures that they are appropriately used in the
innovation proceséSong et al., 2015)n this context, there growingbeliefthat stakeholders
can be essential sources of innovation for businesses, and research on innovation investigates
how organizations can take advantage of tRagers, 201Q)thus, stakeholder engagement in
innovation management is a chore of developing a significant outcome. Hence, organisations
comprehend planning and implementing the innovation processes necessary to achieve
sustainable competie advantages through stakeholder engagetheohidouet al, 2020)

It can be assertetthat innovation is the direction and scope of an orgaaisaiver the long
term, which achieves advantage for the organisation through its configuration of resources
within a future challenge to meet the needs of markets, fulfilling stakeholder expectations and

sustaifing competitiveness.
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4.3.6.4. Stakeholderstandard process (AA1000)

The Institute of Social and Ethical Accountability has developed a process standard
AccounAbility1000 (AA1000), and defined stakeholder engagement as "the process used by
an organisation to engage relevant stakeholders fortgotlgaose to achieve agreed outcomes”
(FerrereFerrercet al, 2018) This standal involves stakeholders in identifying, understanding
and responding to sustainability issues and concerns and reporting, explaining and answering
to stakeholders for decisions, actions and perform@gaieenwood, 2007; Ayuset al, 2011;
Provasneket al, 2017) In addition to this fundamental standard for an effective SE process,
the AA1000SES (AccountAbility 1000 Stakeholder Engagement Standard), most lately
published in 201%Albornoz& Diego, 2017) (AccountAbility, 2015), identifies four stages
of this process: planning, preparation, implementation, and activation aaswelliewing and
improvingengagement. This standard is based on the following three main pririSipleisert,

2016; Allornoz& Diego, 2017; Antonovat al, 2018; Venturelliet al, 2018; Liu,et al,
2022), Figure 4.9

1. Inclusivity/ completeness: completeness stipulditatorganisations should understand
stakeholder concerns related to their material issmetiding understanding and
managing relevant impacts amdlevant opinions and needs of stakeholders and their
perceptions rad expectations, and facilitating broad involvement leatiingalanced
and determined results in strategies, planslactions.

2. Materiality: it emphasises that the organisation and stakeholders' material concerns
should be known; it refers to the relevance of organisation issues and their stakeholders
that could affect an organisation's decisions, actions, and performance.

3. Responsienessit stresseghat there should be coherent responses to the identified
stakeholder and organisational concerns, the organisation's response to stakeholder
issues through decisions, actions, and results, as welioasnunication with
stakeholders. # a result,it is expected tcestablish new policies, objectives, and
achievements; governance structures, processes, and systems; action plans,

measurement, and performance monitofidlipornoz& Diego, 2017)
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Figure4-9. The five stages offfective stakeholder engagemenhis figure isadaptedrom Albornoz & Diego
(2017)

4.3.7. User Demandsinnovation

Existing research has indicated that user intioma can become significaahdeven
lead the market. Several users create innovations from scratch, while others, known as creative
consumers, adapt and modify current product offer{(gsgtanaler& Ogawa, 2015)The
user demandiversity gain builds onhe users' diverse throughput demafdin et al, 2018;
Wouters,et al, 2018) Baldwin & Hippel (2011)have developed the zones of viability for
single users, collaborating users, and product innovation users. Users and producers vary in
their benefits from innovating, design, communication, production, and transaction in terms of

costs.

Therefore, users and producers have overlapping sets a# inablvation opportunities
(Baldwin & Hippel, 2011) Innovation users and producers are thus two general "practical”
relationships between innovator and innovation; therefore, researchers consider user innovators
as individuals in hogeholds that expect to benefit from pursuimgovations via their use of
innovation(Bengsson& Edquist, 202D To distinguish betweehusiness and government
sectors, households are regularly viewed as consumers in the economy: "A household is

defined as g@ersornwho share the same living accommodation, iwh pools some, or all, of
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their income and wealth and who conswsuertain types ofoods and services collectively
(Young, 1993)

Furthermore, mut R&D shows that collaboration with us@novators yields
commercial success for companies. Thus, certain-insevators established their own
companies as their innovation grew widely and gained popularity; this is evidence of users'
innovation capabities and contribution to sociefifongtanaler& Ogawa, 201p In contrast,
users often voluntarily share information or reveal their innovations to colleagues,
manufacturers, and competitors in the ussEmtred paradigniBaldwin & Hippel, 2011)
Classic examples of user innovation by shoppers include innovative products, in which the
proprietary offerings of firms are adapted and improved upon by consumers, who then freely
contribue to these innovations with other us@sgers,et al, 2015) The participation of the
community in the R&D process offers other advantages for practitioners because the
community's reaction to innovation can help firms predict the commercial attractiveness of user
innovations (Pongtanalert& Ogawa, 2015) Presentresearch has indicated that user
innovators, especially those belonging to communities, have a high potential to adapt their
innovations widely antb collaborate with firms looking for new product ideas because these
users oftenidclose their innovation@/an Der Boor et al, 2014) However, national surveys
in Japan and the US reveal that those ideal figures are challenging to find. Mértebndi8

11% of usetinnovators in the US and Japan revealed their innovations.

Additionally, approximately 10% of usémnovators in both countries belonged to
communities, and less than half disclosed their innova(iogawa& Pongtanalert, 2012)
From a practical viewpoint, Europe has focused on public and private linkages by placing
citizens at the heart of theriovation proceséEuropean Commission, 2013)o achieve their
target, the European Commission (EC) has, since 2006, been promoting Living Labs (LLS).
LLs are innovative instrumestthat offeropportunities for testingvalidation, development,
and cacreation at all stages of a design and commercialisation progression by synchronizing
the innovation processes among the actors of the QHM. In other words, LLs have been

proposed as a possible platform for quadruple hefiovation(Leminenet al, 2016)

Furthermorel.Ls became a part of a transformative institutional change that draws on
top-down and bottorup strategies to pursue innovation sustainabff@gmpagnuci et al,
2021) Consequently, they are a practical methodology for improving sustainability in cities by

facilitating collaboative learning and innovatiorgsponding directly tthe users' need@/an
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Geenhuizen, 2019)Jser innovation has to meet two conditions of the innovation definition
HQHZ RU VL ihplovédy DBQMGO ML Q W U R G X FGhdt, ROQ9)Whe Hngoaodd H W
of user inn@ation has primarily been demonstratdtough the efficiency of product

development and benefits for national economies.

Moreover, a particular aspect thfe userinnovation stuces is the diffusion channels
that user innovators choose to share tarmbmmercialize their finding&ursov,et al.2017)
From the perspective door et al. (2014, user innovations in developing countries have
successfully diffused to industrialized countr{Bsor, et al, 2014) The presence of official
statistics gives an entry paifor the development of innovation policy which is now focused
on promoting innovation in the business sector. User innovation a decade ago considered the
impact of two significant changes: digitalisation and the introduction of a general definition of
innovation (Escobaret al., 2021) Digitalisation goes beyond the use of computers and the
internet to include ways in which computer services are provided and the impact of artificial
intelligence and the internet of thin@Sompagnuccet al, 2021) Subsequently, reviews of
user innovation a decade or longer ago and a discussion on user innovation in the digital
economy, where it is going in the future, and theigyokffects of user innovation are
encouraged(Fller, et al, 2013) From another point of view, the chamctof digital
technologies linkvarious types of user innovation and entrepreneurshiptlfadnterfirm

collaboration between usgenerated ventures and executive busindg&seobaet al, 2021)

4.4. Digitalisation-push

Digitalisation is the most phenomenon topic in the 21st century; digital technologies
have significantly influened talent management and human resource systems. Moreover,
according tadCoroam& Matten @019, digital technologies are predicted to overshadow the
past century's industrial revolutions and gmojected to disrupt social practices and
employment format{Coroam & Mattern, 2019) Furthermore, digital transformation is
becoming a topic of academic and business concern worldwide; it is essentialngudibti
EHWZHHQ WKH WHUPV" GLJLWDOL]DWLRQ" ZKLFK GHQRWH
GLJLWDO RQHV DQG WKH UHVXOWLQJ, whcdh Qavery tod@QG 3 GL
extending from social media to more specific issues such as using digéaind technologies
by individuals or organisations to systematise data management and rationalize processes, and
SGLIJLWDO W U;t @& n&temoem use@by researchers, consulting firm professionals

and directorsso it can be understood @sanges the digital technology causes or influences in
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all aspects of hman life from different mean@echnologytools, organisational processes,
social aspectqde Bem Machadet al, 2022)

Digitalisation can be understood as converting analogue into digital information
processing in a technical sense. However, this may be too abottis view mainly
encompasses a techngical perspective. Furthermore, digitalisation is undersasodigital
technologies thatreate measurable added valuaudien& Pesch, 2019)Digitalisation goes
beyond the use dhe computers and the internet to include ways in whighpater serices
are provided considerintpe impact of artificial intelligence and the internet of thi{@ault,
2019) With the specular user interface of the ongoing digital revolution, the holy grail of the
efficiency revoluton gets yet another new finisBy digitalising, almost every aspect of
production and consumptiponecanboosttheorganisation efficiency even mof2uo, et al,
2021) optimising entire industry sewrs, public and government organisations, transpad,
agriculture. Furthermore,igitalization can further enable more environmentally desirable
solutions, which would beb complex to achieve or manageach as the smart electrical grid
(Coroamé& Mattern, 2019)

Indeed, digital innovatioted organisations progressively utilise different disciplinary
teams to address the multidisciplinarglplems associated with highly integrated technologies
(Tiwari, et al, 2017) Moreover, digitalisation makes businesses act rapidly in a short time
frame where there is a need to modify ensitrategies and cultureseating key performance
indicatorsto measure idital marketing,personalising and encouraging innovation in digital
marketing. Technologies andnovation go hand and hand; thesesent a positive focus for
digital transformation and innovation in line with the aims of the current gtuliigh et al,

2021) However, within the organisational Context, a global survey of automotive decision
makers conducted by Friedema@s cited in Sundermeier, 2018uggests that the ability of

an organisation to remain agile within the modern market now also requires aetezbging

the latest Information and Communication Technology (ICT) systems to enhance existing
MDQDORJXHY SURFHVVHVY WKDW FRQWULEXWH WR WKH RUJD

However, theessential digitalisation push elements in the new geaerfaamework have
linkages ad interdependencies, as illustratedFigure 4.10 which is followed bydetaled

explanation of its contents.
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Figure4-10. Digitalisationpush

4.4.1. Industry 4.0

Industry 4.0 wasntroduced by a German initiative of the federal government during
the Hannover Fair event of 2011, which symbolised the beginning of the fourth industrial
revolution (Qin, et al, 2016) Industry 4.0 is recognizedsaa modern industrial platform
wherebythere is an integration between manufacturing operations systems and information
and communication technologi@3alenogareet al, 2018) This integration results add value
to the whole produd OLIHF\FOH LQ WKH GHYHORSPHQW RI IDFWRL
researchers introduced l4rélated keywords known aSmart manufacturing Smart
production, Smart factory Cyberphysical systemCloud manufacturing and Internet of
Things (Kamble, et al, 2018) From another perspective, intelligent mfacturing
technologies work as the central pillar of internal operations activities, while innovative
products consider the external valdded of the product as the core of the 14.0 concepts; both
scopes have their roots firstly in the progressive naotufing systems and their connections

with other processes and procedures of the comggargnk,et al, 2019)
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Additionally, Empirical evidence reveals that operational architecture, barriers,
procedures and abilities must be compatible with innovégislenologies to have a meaningful
effect on external information development and its eventual use for innoyxton et al,

2019 Salgeet al, 2012and Foss,et al, 2011) Yoon et al. (2019) introduced a study of
business mael innovation in industry 4.Qysing ANP method. At the same tinftentoftet

al., (2019)observedhat empirical facts regarding the adoption of industry 4.0 are still scarce
and present limited aspects towards the judgments of the position of indutry
implementationOn the one handiespitethe new technologies that characterize industry 4.0
tincluding the robotic automation of workers, driverless vehicles and artificial intelligence

the risks and threats from these technologies can distract many observers from the radical boost
in productivity they represent. Moreover, such technologiescrucial for tackling the
challenges that will threaten humanity within the next cen GG Worldwide, 2019)Figure

4.11 provides the time line of industry 4.0.

Figure4-11 The timeline of industry 4.0 (Karatas al, 2022)
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The nine widely reported and leadimgchnologies thaare currently being developed to
transfom industrial productioould be incorporated into a new digital innovation frameyork

theyare summarisedithe following suksections

4.4.1.1. Autonomous Robots

Worldwide, companies consider robots as systems and technologies efficient for
improving the industrieprocess making inore competitive in the market. Innovative robots
are exemplified as systems offering autonomy, flexibility, versatility, and collaboratively by
completing a given task precisely and intelligently within the given time limit; in particular,
they will interact with one another and perfothe ineraction with humans safelgupporing
theworkers' activitiegVaidya, et al, 2018) For example, during the global pande@mvid
19, advanced countries included collaborative robots as a technology of the intelligent working
dimension. Consequently, the artificial intelligence technology strategy was released to
transform society's fute needs(Czmmermannet al, 2021) Automated manufacturing
solutions should be a core feature in many operations intended for optimum performance,
protection, and competitive advantage; moreover, production robotics automate routine jobs

and decrease error margomnominal rate¢Javaidet al, 2021)

4.4.1.2. Big data analytics

Big data analytics indicates organisations' systemic and computadinedgtis ability
of big sets, popularly characterised by 5Vs (volume, velocity, variety, veracity and value
adding) (Shukla,et al, 2019) Big data analytics (BDI) has the potentialttansform and
advance industrial and service systems in future. More®I@t,can support industries in
making informed decisions such as better predictions for products, performance management
across various manufacturing and service yMisktadir et al, 2019) besidesimproving the
quality of products and services, providing greater \ligfbdbnto operations anahsightinto
the customer predilection and buying pattditdaseebgt al, 2020)in order to analyse real
time data across differermanufacturing process phases gndduct design, collecting a
detailed design, procuring, selecting suppliers and outsourcing policies, product warehousing,

maintenance, recycling, and identifying labour er{&@hmideh& Beydoun, 2019)

Although it has been widely recognized that applications oftétldnologies can bring
many benefits, SMEs have been cautious about using big data; research reveals that, while 78%
of SMEs have adopted 14.0 technologiady®% use big datéSari& Santoso, 2020From
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another pot of view, consultants consider that big data analyacgelp SEMs become more
agile and flexible in providing customised solutions (products or services) by acquiring
strategic information from the production process or segmented customer engageueat
4.12 presenteda data science platform for datapturing, prgprocessingmining and using

the analytics results wecideon collaboratio(Han& Trimi, 2022)

Figure4-12. Overview of big datplatform (Han& Trimi 2022)
4.4.1.3. Additive Manufacturing (AM)

Additive manufacturing is another phaapartfrom instant prototypingeinforcing
rapid manufacturing. It quicklypnanufactures any complex shape part, which other traditional
manufacturing processesuld not It suppats more significant designsjanufacturing easy
to create innovation in industdyO (Gurdir& Asplund, 2018Haleem& Javaid, 2018)AM
3LV WK HtyRd Séate la@hysical object from a digital encoded design through material
depo#tion via a 3D printing proces@zartner, 2022)More specifically, based on Standard
terminology for additive manufacturing technologies, AMA [Focess of joining materials to
make objects from 3D model data, usually layer upon layer, instead of swbtract
manufacturing methodologié$ASTM, 2012).

Hence, AM is extensively used to produce small collections of customized products

that offer construction advantages, suabh complex, lightweight designs. THagh-
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performance, decentralized additive manufacturing systems will also reducettansipnces

and stock on hand and promote sustainable produtaitlya, et al, 2018 Frank, et al,
2019a) There are a variety of techniques used in additive manufacturing technologies
Stereolithography (SLA)Selective laser sintering (SLS), Fused deposition modelling (FDM),
Direct metal laser sintering (DMLS), Polyjet 3D printing (PJP), Inkjet 3D printing (1JP),
Laminated Object Manufacturing (LOMJolourJetPrinting (CJP), MultiJetPrinting (MJP)

and Eledron Beam Melting (EBM)Haleem & Javaid, 2018)

4.4.1.4. Augmented Reality (AR)

Augmented reality (AR) can be charactedas a facet that enriches the real world with
virtual objects generated on a computer which look as if they exist in a similar location to the
real world(Karnik et al, 2021) AR supports workers with interactive and r¢@he guidance
for the critical actions of the tasksrank,et al, 2019a) Moreover, AR content may require a
redesign of infrastructures by using unique knowledge of interface design, modelling in 3D,
spatial tracking and programmir{iylourtzis et al, 2018) In order to remain competitive,
engineers and researchers have beemptieg solutions toward intelligent manufacturing by
utilizing technologies such as Virtual Reality (VR), Augmented Reality (AR) technologies,
Artificial Intelligence (Al), Internet of Things (IoT) and Industrial Digital twiflsai et al,

2020) Moreover, in recent years, smart glasses emerged that use embedded transparent
displays to ovedy computer graphics onto the actual environment, creating a realistie super
reality (Raset al, 2017)

4.4.1.5. The cloud computing

Cloudbased IT platforms a technical backbone for connecting and communicating
various aspects d@he application centre industry 4Jaidya, et al, 2018) Cloud computing
is broadly recognised as the fifth efficienafger water, electricity, gagnd telephonyit has
been proposed as the latest computing para@ogya et al, 2009) Cloud technology with
adaptable solutiongs aligned with the most advantages of digital manufacturing to meet
customer deman@Haghnegahdagt al, 2022) The intelligent factories of the future will rely
upon modern computer models, such as mobile and interactive systems interlinked. Moreover,
artificial intelligence, cloud computing, and data processing can also enhance the reliability of
industrial robotics(Javaid et al, 2021) Consequetly, manufacturers focus on resource

optimization and cloudriven facilities adagation by looking for a more agile approach for
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system innovation to process support via the cl@®aodriguez,et al, 2022) A third-party
organisation offers a cloud computing service that makes virtual resources available via the
internet, which leads to superior security and performance and also generates economies of

scale and the accessibility of more significant resouidas & Trimi, 2022)

4.4.1.6. Internet of Things (loT)

The 10T is a new industrial ecosystem that combines intelligent and autonomous
machines, advanced productive analytics, and madhinen collaboration to improve
productivity, efficiency, and reliability\Wong,& Kim, 2017) Moreover, it is also a concept
in which the virtual world of information technology integrates flawlessly with thewedd
of things, which is more available across computers and network devices in business and
common human scenariflsu, 2018) Context, Omnipresence and Optimization are thesthre
key features of loTContextrefers to the possibility of advanced object interaction with
immediate response to any changes, @nthipresencerovides information on an object's
location and physical or atmospheric conditio@ptimization demonstratesW KDW WRGD\ !
objects are more than just liedtto a network of human operators at a husmeachine interface
(Vaidya, et al, 2018 Xu, et al, 2018)

4.4.1.7. Cyber Security system

With increased connegity and standard communicatigmotocols with industry 4.0,
protecting critical industrial sfems and manufacturing lines from cyber security threats
increases considerabfpalenogareet al, 2018) Cybersecurity highly depends on ethical
practices followed by individuals and companies; there are precisely six strategic principles of
cybersecurity €onfidentiality, integrity, availability, authenticity, nonrepudiation, and
privacy) (Karnik et al, 2021)

Consequently, secure, reliable communications, sophisticatedctérarand access
management of machines and users are ess@vitiialya, et al, 2018) Thus, Cyber security
refers to the processes and availability of technologists with the needed rekillsrotect
information and computer technology systems, such as networks, systems, programs, devices
and datgHassouret al, 2022)
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4.4.2. Knowledge Management (KM)

Knowledge managemeistrelated to organisation success siNomaka and Takeuchi's
(1995) SECI model on knowledge management introduced a set of four core processes
(socialization, externalization, combination, and internalisati(®iy Loon Hoe, 2006)
1RQDND SURPRWHG WK HackL O B8R F N GRIADHEI® D QG GHYHO
well-known spiral of organisational knowledge creation, illustrating conversations between
these knowledge form@Nalsham, 2001) That showed its importance to the success of
Japanese organisations in terms of the creation of organisational knoHxdigjano et al,
2022) Organisational knowledge is defined as the ability of a company to generate new
knowledge, making it comprehensigadto integratet into products, services, and systems
(Xin et al, 2021) Additionally, knowledge significantly impacted organisational performance,

followed by knowledge utilisation and acquisitifPhayaphromet al, 2022)

Knowledge management involves obtaining and communicating ideas and information
that urderlie innovation competenci¢ddams,et al, 2006) Further, KM assists in building
competencies required in the innovation pregdhlus, organisations must use sufficient
information to verify the level of business activities andhake educated business decisions.
This information comes from various internal and external sources, and their credibility is
crucial to providing suftient knowledge(Horn & Brem, 2013) KM researchers have
investigated the relationship between knowledge and innov@imuadi, 2022) knowledge
plays a significant role in innovation, enabling the sharing and codification of tacit knowledge;
on the other hand, knowledge sharing is critical for organisations' innovation capability
(Carneiro, 2000Tameret al, 2003) The role of KM in innovation is that knowledge is a
resource used toeduce complexity in the innovation proce@®beso et d., 2020)
consequently, innovation is highly dependent on the availability of knowl@tig®lessis,
2007) According toSaunila (2014) organizationalnnovation enhancethe RUJDQLVDWLRQ
value, and it involves changes in the routines of firms planning to improve the efficiency,

productivity, profitability, flexibility and creativity of the firm using intangible knowledge.

Many companies and institutie accept the importance of knowledge management and
knowledge for the forthcoming movements of business and society. For instance, the Europe
2020 report sets out a vision of the social market economy of Europe in the 21st century. One
of the main concemis to promote moderate growth, which consists of developing an economy

based on knowledge and innovation. Such reasonable development requires, among other
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things, the advancement of innovation and the transfer of knowledge, the full use of
information ad communication technologies and the provision of the transformation of

innovative ideas into new products and serviggsopean Commission, 2010)

Moreover, usig knowledge analysis, organisations can predict future events to make
more precise decisions and compete with other organisdtGmsnezfigueroaet al, 2018)
KM is illustrated as one of the most critical aspettdigital transformatiorijde Bem Machado
et al, 2022) According towang (20B), digital transformation can drive the establishment of
a knowledgebased economy; this covers the way for industry 4.0, referred to in the first sub

criteria in digitalisatiorpush.
4.4.3. Artificial Intelligence & Decision Support System (Al & DSS)

Artificial intelligence (Al) has been gaining significant attention in various fields to
UHGXFH FRVWYV LQFUHDVH UHYHQXH D Q Gib-psgcidioyital FXV W RF
potential to process informatiorio solve problems or create produtk&t are of value in
culture” (Fithian, 2001) ,W LV DOVR @ Héf leUtedhidaesDidf " modelling and
simulation of environmental systems, which includes artificial neural networks, fuzzy models,
reinforcement learning, cellular autongtand metéheuristics(Chen, et al, 2008) It has
beenrecently L G HQ W L aLdoBairDaf ‘computer science relating to the simulation of
intelligent behaviour in computeiCarvajalet al, 2019) 3D VA\VWHPfV DELOLW\ WR
interpret external data, to learn from such data, and to use tleasringsto achieve specific
goals and taks through flexible adaptatio(Kaplan& Haenlein, 2019)According tothe
(XURSHDQ &RP P LNWILEXG2 Groumd KI (Al HLEG), transparency is one of

the essential requirements for trustworthy(Amannet al, 2022)

Al is a family of powerful technologies that are incredibly well capable of providing
innovative structures for business processmgineeringDirican, 2015 Giménezfigueroaet
al., 2018) it is also embedded into business processes to support humans by intelligent agents
or to drive them out of the process and replace them with fully asémhsolutions. From
another perspective, Al can be interpreted as the ability of the computer or robot to reduce

human intelligence in the form of software and algoritiRgek & Studzinski, 2019)

On the other hand, the term Decision Support Sy$R885) was coined by Keen and
Scott Morton(1978) to signify the other features of information processing, namely the

provision of information for suppting management decision making; itw&H I LQHKE& DV 3

102



application of available and suitable computssed technology to help improve the
effectiveness of managerial decision making in sgractured tasks (Er, 1988) Earlier
researchers emphasised tth/sl accelerates automated decisioaking through various
technologies, such as intelligent agents and planning. Furthermore, on the opposite side,
builders of expert systems must choose the most applicable artificial intelligence techniques;
and develops must focus on the organizational and operational attributes of the decision
support systeniKahn, 1994) Based orthat approach, DSS is characterized as an intelligent
information system that facilitates the time in which decisions can be made and the consistency
and the quigty of decisiong(Koseet al, 2021)

Besides, Al techniques are increasyngpplied in various fieldghe mostcrucial area
are the clinical decision support systems thadsist healthcare professionals in predicting
outcomegAmannet al, 2022) Thus, from that perspectivegesearchers emphasized that Al
helps process varied information such as (threats involved, anatomical information, histories
of disease, thecenomics of patients, and could make better forecasts of surdétasrkam
et al, 2022) That example of the transformative impact of Al as a vector of innovation is the
subject of the extreme theoretical and analytical production process with thelitapab
generate value by applying analytical or decigioaking techniques and todqsliguel, et al,
2022) Therefore, Al proposes opportunities to improve operational efficienctoapeed up
innovation by driving perceptionffom enormous data sets andegicting unexpected
outcomes; it is @evelopment of considerable importance across many indudteest al,
2019andAstrom, et al, 2022)

Moreover, the Manufacturing Execution Solution Association (MESA) defines groups
of functions which require adequate decision support for production managéheletailed
planning, (2) resource management, (3) registration and display of the current status of
resources, (4) document management, (5) material management, (6) performance analysis, (7)
order management, (8) maintenance management, (9) procesgemans (10) quality
management, (11) data collection and acquisition and (12) product tracking and genealogy
(Ehrlichet al, 2018)

4.4.4. Open Networking

The network has beeconceptualised from different perspectives. In previous years,

Thorelli (1986)described a business network as a g relationship between two or more
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organisations. According t®owell (1987) the network is an intermediate transactional form
that combines market and hierarchy and requires cooperative behaviour. In contradaysow
researchers consideretwork management in datantre telecommunication and cloud
computing domaig) evaluatng its suitability for futureproof industrial network management
systemgEhrlich et al, 2018)

Networking and innovation are crucial aspects of the digital era; netware
considered one of the most promising contexts for Industrial Symbiosis (Sl). ltaisbbe
channelled wherebiyew ideas towards sustainatyilmight be developedhe identity as an IS
network needs to be established first as a preconditioanfpifurther sustainabilitpriented
IS networks. Innovation is also believed as a vital aspect of IS development for providing new
supporting technologie¢Bell & Giuliani, 2007 Poschet al, 2011, Taddecet al, 2017) In
addition, firms could accelerate innovation within a business network by increasing and
expanding network contactzonsidering network densityariety are prospective combined
with better innovative capabilitie¢Xu, et al, 2008) Moreover, the authors described
networking, cooperation, social capital and spatralkimity thatare the key components of
group learning processes and the innovativeness of organizations, regions and Rigons
& RodriguezPose, 2014)The Responsible Research in Business and Management (RRBM)
network developed a 2030 vision, in which business schools and international scholars will
have converted their research, focusing on responsible science and the prarfuetiaile
knowledge that contributes to addressing theneald problems important to business and

society(Paper& Knowledge, 2020Chapmaret al, 2020)

Nevertheless, the fifth innovation model, namely tdetwork Model (199G-2000),
emphasises knowledge collection and external linkages, systems integration and extensive
networking. In additia, this model offers innovation as a distributed networking process based
on corporate alliances, partnerships, joint enterprises and government sujpjhdet @t aly
2014) In parallel, researchers predicted that business model innovation under networking in
the internet of things 10T will be an impartt area in the futur@in & Ji, 2018) and that will

be linked to how open networking is mucial aspect of digitalisatiepush.

4.4.5. System Integration (SI)
Over the world, organisations are employing different stansiEtdilanagement Systems
(MSs). Researchers have attempted to find approaches to light up the new requirements

executed by emmomic globalisation, sthey developed and implementselveral management
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systems such as quality management systems, information management systems,
environmental management systems, and occupational health and safety management systems.
According to thelnternational Standardization for Organisation (ISO), the global number of
organisations that are executing awetifying their organisationsvith the MSs has been
developedto meet the requirements of their different involved parties to improve their
efficiency (Rebelo,et al, 2016) Moreover,ISO seizeshe opportunity to suggest system
integration as a route to sustainability. A further proposal is that public policies for industry
development consider integration to promote sustainaljMarti-Ballester& Simon, 2017
Poltronieri, et al, 2019) Many studies on the integration of management systems focus on
integrating quality, health, safety, environmental, and information security management
systems(Asif et al, 2009) Integrating management systems is the best practice when an
organization has multiple MSsO H & L QevalL,2015)

Moreover, integration can be defined"asitting different functiorspecific management
systems into a single and more effective integrated management ¢gsiekmerhageet al,
2003) From a topmanagement perspectjviategration has to bsignificantly committed to
all MSs and their integratiofiBernardoet al, 2017) Furthermore, integrating multiple
management systems brings the most diverse advantages to the organization, which can convert
into a more efficient organisationattivity, enhancingpusiness performan¢®. Maier et al.,
2017) Therefore, many researchers categorize the integration oaM&sype onnovation

as it is the caswith other quality management practices and perform@emardo, 2014)

The proposedexperimental framework for 5G wireless system integration into
industrial applications, aimed ptoviding service to induses; it ismotivated by the lack of
digitalization reference models consideringdepth wireless performance integration and
performance; further, looped runs of the operational flow which focus on the robots overall 59
control which reflects industrg.0 and digital transformatio(Rodriguez et al., 2021)4.0 is
considered a samtechnical paradigm that depends on further development, access, and
integration of information and communication technologies with automation technologies to
promote endo-end systems integration across the entire value chain; it is a collectiveterm f

technologies and concepts of value chain organiséatemel& Gursev, 2020)
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4.4.6. Simulation Modelling (SM)

A model is a system used as a substitute for another system. Models can enable
researchers to studyow a prospective system will work before the natural system has even
been built to mitigate risks. Machine modelling and simulation emerged from theuctiostr
of electrical computers in the 1940s when computational tools for creating models for system
simulation became availabl&ang,et al, 2012, Rojek et al, 2021) Simulation is a tool
appliedto create asystem model on the computer tl@iows for experimentation without
negatively impacting the natural systéRawlewski, 2018)From an organizational structure
perspective, simulation of structure, performance and functions is enhanced to be realistic, thus
promotingWKH SURGXFWY{V PRGHO TXD @Gim@&vdeulQo@etX Eltob,VV UDW
2013) Simulation modelling is conducted to gain insight into complex systems, assessing new
operating or resource policies and new concepts or systems before implementing them
(Chryssolouriset al,, 2004) With the advent of Indust#.0, digitalisation has playecteucial
role in future creationf-urther research on cuttingdge digital technologies reflects its actual
impact on simulation; likewiseaugmented and virtual reality simulations have arisen to
simulate product designs before product{dlee et al, 2012) Simulation techniques play
significant roles because they offer the possibility to evaluate multiple 14.0 scenarios through
planning and examining models of complex systems, which can support addressing partly

problems(de Paula Ferreirat al, 2020)

There are many helpful simulation tools for manufacturing system development. Thus,
simulation tools are more dynamic regarding interastiogtween service levels and potential
revenue generatigiirebunagt al, 2019) In addition, studies showed that simulation enabled
fast prototyping and easily implemented autonomous components; another information
exchanges facilitated by integrating systems with manufacturing equipment through different
communication method$Oztemel & Gursev, 2020) Simulation optimization runs an
intelligent brain to improve the productivity of manufacturing systems; depending on the
variety of difficulties to be analysed.here are various optimization techniques in combination
with simulations that can be exercised in the 14.0 paradigm, einécbonsiderethe main sub

criteria of digitalisation pusftKarnik et al, 2021)
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4.4.7. Information Technology (IT)

,QIRUPDWLRQ WHFKQRORJ\ LV 3D SURFHVV WKDW XVHV I
and transmission of primary information to obtain information of a new qualityt alncobject,
SURFHVV RU S¥Hith RiRrgdfpdinQthe form of information presented to the
formation of its contenfNepsha, 2003)Based on the literature review, the fifth generatb
the innovation model, namely the network model, attemptdetoonstratehe benefits of
computerizing the innovation process through complex information technology syseehis G L
et al, 2013) Innovations through IT are referredds IT innovations; thusnhnovations are
neededo reach a higher organisational maturity towards a specific IT typédodate new
value creation opportunitiefrukas& Thomas, 2021)

Moreover, IT includes vital components of modenifrastructure, with extensive
applications throughout global economies, which play a crucial role in productivity,
organisational infrastructure, and international cooperation in finance employment
(Kurniawati, 2020) However, companies pursue innovation from their existing partners in
their value chains. Recently, companies must expand their partnerships from existing ones to
various sources such as universities, think taomissultants, crowdourcing platforms, start
ups, and innovation lalf¥uanaet al, 2021) Many researchers have examined how IT affects
various aspects of the economy, including the market, firm productivity, and social networks
(Lee& Sasaki, 2018)Further, while considering the relationship betweeonomic growth
and innovation, the role of information communication technology (ICT) cannot be
disregarded; some researchers revealed that there are three ways that ICT can positively affect
growthby: (1) developing the diffusion of innovation, (2) enhing the quality of decisiort
making by organisations and stakeholders, and (3) reducing production costs thereby
increasing output levels; thus, econosmight also influence innovatidiPradharet al,, 2017
Olalekan& Grobler, 2020) Furthermore, ICT is a set of actions and rules related to the
preparation, processing, and delivery of information for personal, mass and industrial
communication, as well as all technologies and industries that integrally support the listed
processes; thiis based on the cluster of five ICT indicators: telephone landlines (TEL), mobile
phones (MOB), internet users (INU), internet servers (INS), and fixed broadband (FIB)
derived through principal component analy@sadhanet al, 2017) Recently, researchers

assertedhat managers must pay attention to designing and deploying appropriate operational
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alignment of the open innovah search approach with IT use to achieve their specific
organisational innovatiofCui, et al, 2022)

Japars government was bringing changesstuciety and industry; it intended to
leverage ICT to its fullest to gain new knowledge sm&c UHDWH YDOXHV E\ FRQQHF
DQG WKLQJV®  DQG 3 UHDO F\EHU ~ WR EH DQ HuésliEWLYH D
society througlBociety 5.0jdentified in the part APemandPull) (Mayumi, 2018) Digital
transformation is about investment in information communication technology (ICT) for
operational changes to become more efficient. European countries have announced their 14.0
strategy of deveping technology roadmaps and research agendas. Consequently, Industry 4.0
intends to intensifythe digitalization of manufacturing processes aadsupply chains,
facilitating communicatiorbetween humans, machines and products, thus enabliagnmeal
access to product and production information for joining entities and the performance of
autonomous work processes beside value ch@astos et al., 2017)CT facilitates the
networked manufacturing systems, implying interoperable systems, information interchange

and decentralized control addcisioamaking(Lee, et al, 2021)

45. Conclusion

This chapter introduces theew proposedconceptual innovation frameworkts
construction comprises theories, methods and techniques and even working applications to
analyse and improve organisational innovation managenitepresents two parts of an
innovation framework significantly enhanced by two main critei@emandPull and
Digitalisation-Push.lIt is also an illustration that depicts the arfieria regarded as relevant
to this framework. Part (A) considers seven-stiteria forDemandPull, which illustratesthe
causality between economic growth, organisations' demands$aster product development
with various accesses to the market and innovation in the preseoiteeofuture variables. It
enhancessuccess indicated by sustainable industng firms growth;it contains Socio
Economic Trends, Sustainable Development Goals, Sobi€ty (Science, Technology &
Innovation Strategy Competitive Advantages, Business Model, Stakeholder Engagement,
User Demandsnnovation. Simultaneously, Part (Byovides a systematic and significant
integration of seven essential digital perspectives, explaining the positive digital
transformation, which plays a crucial role in production, process, procedure, and fresh global

stimulus.
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The performance of this gas primarily based otheintensive industry's digital era.dtsplays

a significant positive relationship between digital aspects and organisatiooahtion, which

includes ,QGXVWU\ 3 XWRQRPRXV 5RERWYV %LJ 'DWD $QDO\
6\VWHP LQWHJUDWLRQ 3+RUL]JRQWDO YHUWLFDO V\VWH]I
&RPSXWLQJ ,QWHUQHW RI 7KLQJV ,R7 &\EHU 6HFXULW\
Artificial Intelligence & Decision Support System, Open Networking, System Integration,
Simulation modelling anthformation Technology. Digitalisation is the main innovatpath
whichinspires new ideas and approaches developkddsithe performancef industries and

organisations
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Chapter 5

Data Analysis, Results and Discussion

5.1. Introduction

This chater presentthe analysis oflata obtained fromesen international countrieshe
UK, UAE, USA, Canada, Germany, China and Japgespointed out earlierthe proposed
framework is validatedia a comprehensive questionnaignanistered by practitioners from
each of thespecifiedseven countries using the Analytical Hierarchy Process (AtRich
could flexiblycombine quatitative and qualitativenethodsThe impact of digitalisatiopush
and the demangull as main criteriawith many sukcriteria associated with each main

criterion are also considered.

The global online survey was distributed to achieve the aim of this sthibh is to
support organisations in managing change, improving and competing. This redsarains
to set the innovation management programme for most indusirreslizea longterm and
sustainable future disregarditite size of the organisation or whether it is public/ government
or quasigovernment /third sector. These outcomes shape the nastusé of the Innovation

Frameworkin the following pages.

5.2. Data collection and Analysis

5.2.1. Data Collection

In April 2020, the author commeed collectingdata despite the spread of the global
Covid-19 pandemic, which affected everyday life: borders were @Joaed international
students returned to their home countries. Despite the unforeseerawiileg consequences
of the pandemic, #hresearchepursued her research netop to achieve her study goals.
Replacing the data collection system and analysis @fadlenging. Neverthelesshe
succeeded by using Expert Choice Softwahe data collected was reviewed for completeness
and accuracy. It underwent several stages ofapadysis, such as error checking and data
screening. The data was coded and fed into AHP software to measure treamog of
competing objectivesA dedicded tool and proven mathematical techniques enable the
researcher to obtain the best decision to reach a goal. Hence, using comparison AHP to develop

an innovation framework will be explained further in the following sections.
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5.2.2. Development of the proposed AP innovation framework

As discussed in Chaptepér, AHP is one of the most popular mudtiteria decision
making methods to assess the AHP hodtand structuringanalysing a series of simple
hierarchies patwise comparison matricg8Vind & Saaty, 1980Q)It also uses judgments of
decisionmakers to form the decomposition of problem complexity into an ¢kdraman,
2020) appraiseand support the decision, consideriwgrious criteria by prioritisig all
available decision alternativéslahmoudiet al, 2020) Besides, lte process of structuring a
hierarchyinvolves: (a) stating a goal,k) arranging criteria, andc) adding sukcriteria. A
prREOHPTV KLHUDUFK\ V Wdgatdh&vsXduddér Ramd iGietdcfidn g andngst
elements and their ipacts on the entire systems can be seen iRigure 51, the IFW has

been developed using the Expert Choice Software.

Figure5-1. Developing innovation framework

Chapter IBur presenteda comprehensive review of the IFW, containing two main
criteria OemandPull and Digitalisation-Push. Thefirst scheme presésm seven comparison
criteria along withthose that advantage organisation demand and market effects. Additionally,
the secondscheme equalises the first with different orders most recommended in the digital

era.

5.2.3. Results analysis of the data collected from the seven countrigsl¢bal)

As can be seen in Figure25.the global exploratory questionnaire result shows,

predictably, that the overwhelming majority (76.92%) of Digitalisattush (D#P) is the most
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effective area of innovation criteria, followed by 23.08% of Derdaalll (DE-P). The DIP is
the main criterion for an essential factor Industry 4.0 noticeably as the significarritsuia
with 20.08%, whereas Atrtificial Intelligence abgkcision Support Systems (A.l. abdS.S)
steeply went down by 14.47%; howevierstill can be confirmed that A.l. arlalS.S became
crucial to maintain life throughout the globe.

On the other hand, Information Technology (IT) is predicted as key to preserving life
with 11.46%. Although Knowledge Management (KM) can be considered a damtiai in
any organisation, it falls dramatically to about 9.75%. Systems Integration (SI) is necessary to
function successfully. Hencethe factor of 9.27%, which is lower than Knowledge
Management (K1) by only 0.48%, indicates thatig a dynamic aspééor the organisations.
Simulation Modelling (SM) has a factor of 9.02%, which is an essentialiéunicir all world
industries; itfalls just 0.25% below Systems Integration (SI).

However, while the last sutriterion for DigitalisatiorPush (DP), Open Networking
(ON), was recorded at 8.13%he sukcriteria of DemandPull (DE-3 fV PDLQ FULWHULD D
to reveal theUser Demand#novation (U.DI) with verified 4.88%. Nevertheless, the
upcoming sukcriterion steadily decreased, as demonstrdigdSustainable Development
Goals (SDGs) measuring 3.66%ociocEconomic Trends (&.Ts) at 3.19% while
Competitive Advantages (CAs) measured 2.44%, respectively. Contpatediast three sub
criteria: Science, Technology and Innovation Strategy (S.T&ltS9 Business Model (BM)
andStakeholdeEngayement (€h E) shared a factor of 1.22% equally.

The global demand for Industry 4.0 is driven by a number of factors, including the need
to increase efficiency and productivity, reduce costs, and improve progadity. The
increasing use of 10T and data analytics in manufacturing, as well as the development of new
technologies such as 5G networks and edge computing, is also driving demand. Additionally,
the ongoing COVIDL9 pandemic has accelerated the shiftvards Industry 4.0 and

digitalization across many sectors.

Another factor that drives the demand for Industry 4.0 is the shift of the global economy
towards Industry 4.0 driven by the increasing global competition. Most of the companies are
investing inthe technology to stay competitive in the market and to be on the edge of
innovation. This has also increased the demand for Industry 4.0 professionals across different

sectors to implement and manage these advanced technologies.
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Figure5-2. The priority weights of subriteria to global result
5.2.4. Results analysis of United Kingdom (UK) data

Figure 53 reveals that there has been a marked increase in the percentage of Demand
Pull (DE-P), which measures 56.00%s opposed to DigitalisatiePush (DiP), quantifying
44.00%, (DEP) leads by some 12.00% more than-[)I

The most imperative factor thatached a peak regarding the -switeria is User
Demanddnnovation (U.DI), which deliberated 10.76%. In contragtese measures are 1.7%
more than the second most vital factor, Competitive Advantages, (@Ajedat 9.06%.
Likewise, the third essential factor lies just 0.16% behind Competitive Advantages (CA),
specifically Industry 4.0, quantifying 8.90%. Subsedlyerdetermining 7.93% eacis the
three SocieEconomic Trends (&.Ts); Science, Technology, and Innovation Strategy
(S.T&1.S); andStakeholdeEngagement (B. E).

These three factors lie in fourth place after User Demémusvation (U.DI),
Competitive Advantages (CAandIndustry 4.0. Following, at a percentage of 7.36%, is the
Business Model (BM), which is slightly less by 0.57%, than the three equal scoring factors of
SocioEconomic Trends (&.Ts); Science, Technology, @mnnovationStrategy (S.T&I.S)
and StakeholderEngagement (8.E). The movement decreased gradually by 6.79% for
Sustainable Development Goals. Similarly, just 0.12% bdlmwArtificial Intelligence &
Decisbn Support Systems (A.l. aflS.S), which measures 6.67%heke two factors scored
0.576 and 0.6% less than BM. Following on from Atrtificial Intelligence Becision Support
Systems (A.l. an®.S.S), Knowledge Management (KM) has an element of 6.23%, just 0.44%

smaller. Knowledge Management (KM) is followed by ttveo aspects of Simulation
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Modelling (SM) and Information Technology (IT), measuring 5.78%. These two factors are
just 0.45% less than Knowledge Management (KM).

Finally, with both quantifying and 4.45%, Open Networking (ON) and Systems
Integration (Slelements are 1.33% smaller than Simulation Modelling (SM) and Information
Technology (IT). These criteria score some 6.31% less than the leading factor of User
Demanddnnovation (U.DI).

In the United Kingdom, user innovation has become increasinglyrtamgoas small
businesses and entrepreneurs have played an increasingly important role in driving innovation
and economic growth. This is partly driven by the accessibility of technology and the growing
availability of opersource software, which has matleasier for individuals and small groups
to develop new products and servicidditionally, the UK government has been promoting
innovation by investing in research and development and providing funding for startups and

small businesses. This has helpedreate a supportive environment for user innovation.

The increasing adoption of Industry 4.0 technologies such as IoT, artificial intelligence,
and big data, has also been driving user innovation in the UK. For example, many small
businesses and enpreneurs are using these technologies to develop new products and
services, such as smart home devices, and connected agrictdlowever, one of the
challenges that UK faces is the lack of trained professionals to implement and manage these

technologiesvhich creates a bottleneck for many innovative ideas.

Figure5-3. The priority weights of the sutriteria to the UK result
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5.2.5. Results analysis of the United Arab Emirates (UAE) data

Figure 54 GHPRQVWUDWHY WKH UHVXOWY IURP WWHWIH 8$(fTV
(DE-P) measures 54.95%, whereas DigitalisaBaush (D{P) measures 45.05%. Both
measures are similar to those of the UK. As with the UAEcsitéria, the leading factor
measuring 11.3% isthe User Demand#novation (UD-I). Interestingly the UK, which
benefits from advanced technology and education, shares the same leading factor as the UAE.
The second most crucial factor with 10.35% is Industry 4.0, which is some 1.2% behind User
Demanddnnovation (U.DI). Artificial Intelligence and Deision Support Systems (A.and
D.S.S) measures 9.0%, which is 1.35% lower than Industry 4.0. It should be noted that the
following four factors all measure equally with a factor of 7.68%, namely Semdmomic
Trends (SE.Ts); Science, Technology and awation Strategy (S.T.&I.S); Business Models
(BM) and Competitive Advantages (CAs). These factors measure 1.32% below Artificial
Intelligence andDecision Support Systems (A.1. amdS.S). Measuring 6.59% each are
Sustainable Development Goals (SD@sjl StakeholderEngagement (B.E), 1.09% lower
than the factors of Sociconomic Trends (&.Ts); Science, Technology and Innovation
Strategy (S.T.&I.S); Business Models (BM) and Competitive Advantages (CA). Following,
Knowledge Management (KM) measures 6,3¢hich is only 0.29% lower than the factors of
Sustainable Development Goals (SDGs) and Stakeholder Engagenrhelf).(8/hereas Open
Networking (ON), Systems Integration (Sl), and Information Technology (IT) all uneas
4.95%, some 1.35% belothie factorof Knowledge Management (KM). Finally, Simulation
Modelling (SM) shows that the bottomedt factor quantifies 4.05%, which counts about
7.48%morethan the leading factor of User Demaitdsovation (U.DI).

User innovation is still a relatively new compten the United Arab Emirates (UAE)
and it has not been fully embraced by the government yet. But it is gradually gaining
momentum as the government has been encouraging innovation and entrepreneurship in recent

years, with a focus on technology and dititation.

One of the main initiatives in the UAE to promote user innovation is the establishment
of innovation centers and accelerators, such as the Dubai Future Accelerators and the Abu
Dhabi Innovation Hub, which provides funding, mentorship, and ressuo help startups and
small businesses develop and commercialize new products and servicesth@lsdAE
government has been investing in infrastructure, such as 5G networks arwtadsg to

create an enabling environment for technolbgged innoation.
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The private sector also has played a significant role in driving user innovation, with
companies in industries such as real estate, finance, and transportation investing in new
technologies and business models to stay competitive. AdditionalliyARkeis also home to
many expats and entrepreneurs from all over the world, this has created a diverse and dynamic
environment for new ideas and user innovation. Howeves still in the early days for user
innovationin the UAE, with more work needed toe done to create a more supportive
environment for user innovatiprsuch as providing more funding, creatiaglegal and
regulatory framework and increasing collaboration between the government, private sector,

and the academia.

Figure5-4. The priority weights of the sutriteria for UAE result

5.2.6. Resultanalysis of the United States of America (USA) data

Figure 55 SURYLGHV WKH RXWFRPHV IURP -RUKHHD&H $V GDWL
the USA measures 52.49%, whereas Derfauit (DE-P) measures 47.51%. As shown in the
subcriteria, the significant factor in the USA is Industry 4.0, measuring 11.80%, which is
highe than both the UK and the UAE. The second most essential criteria are shared by the
Competitive Advantages (CA) and User Demahdwvation (U.DI), determining 8.00%,
gradually lowering 3.80% to Industry 4.0. The criteria mentioned are followed by System
Integration (SI) and Simulation Modelling (SM), both measuring 7.28%, just 0.72% showed
down noticeably after Competitive Advantages (CA) and User Derlandsation (U.DI).

These are closely followed by Business Model (BM) and Sustainable Developmoaist G
(SDGs), measuring 7.06%, merely 0.22% smaller than Systems Integration (Sl) and Simulation
Modelling (SM) factors.
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Correspondingly, these two factors are very closely followed by Artificial Intelligence
andDecision Support Systems (A.l. abdS.S),measuring 6.91%, only 0.15% smaller than
the Business Models (BM) and Sustainable Development Goals (SDGs) criteria. With a
measurement of 6.86%, Knowledge Management (KM) lies just 0.05% lower than Artificial
Intelligence andDecision Support Systems (A.&and D.S.S). Following this, Information
Technology (IT) measures 6.24%, which is 0.62% lower than Knowledge Management (KM),
closely followed by Open Networking (ON) gauging 6.13% and SBcimnomic Trends (S
E.Ts) at 6.12%. Open Networking (ON) is 0.1l4er than Information Technology (IT), and
SocicEconomic Trends (&.Ts) is just 0.01% lower than Open Networking (ON). The last
two factors measuring 5.64% are Science, Techyadogl Innovation Strategy (S.T. ah8)
and Stakeholder Engagementi(E), which are 0.48% smaller than Se&oonomic Trends
(SE.Ts).

Industry 4.0, also known as the Fourth Industrial Revolution, is an important trend in
the United States, and it is being driven by a number of factors including advancements in
technology, mcreased automation, and the growing use of data analytics. One of the major
drivers for Industry 4.0 in the US is the manufacturing sector, where companies are looking to
increase efficiency and productivity through the use of advanced technologies $oiThAl,
and big data. This is leading to the creation of "smart factories" that are highly automated and

connected, and able to make rBale decisions.

The US government also has been promoting Industry 4.0 through various initiatives
such as The Nainhal Strategic Plan for Advanced Manufacturing and funding for research and
development in advanced manufacturing technoldbg. technology sector also plays a major
role in Industry 4.0 in the US, with companies such as IBM, GE, and Cisco investinly heavi
in IoT and Al. Additionally, many startups and small businesses are working on new
technologies and applications for Industry 4.0 such as autonomous vehicles, 3D printing, and

advanced robotics.

Furthermore, many leading American universities and releastitutions are working
on Industry 4.0 related research and development, which is helping to develop and expand the
technology in different sectors. However, one of the main challenges that the US faces with
Industry 4.0 is the need to develop a marbust cybersecurity infrastructure to protect the
connected devices and systems. As well as the concerns of job displacement, lack of skilled

workforce and lack of equal access to technology.
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Figure5-5. The priority weights of the sutriteria to the USA result

5.2.7. Results analysis of the Germaydata

Figure 56 shows that Digitalizatioffush (D#P) which dominated Germany's work
failed by 56% as a primary criterion, whereasniandPull (DE-P) measures 44%.rCthe
other handthis part illustrateshe peak to the bottom percentage of-eriteria. It can be
observed that there was a significant measure of 12.06% for Industry 4.0, and therefore is the
most critical factor in Genany, interestingly it is similar to the USA. Open Networking (ON)
reveals that the second most crucial factor measures 9.44%, which is just 2.62% lower than
Industry 4.0. Sustainable Development Goals (SDGs) appear t@0%ower than Open
Networking (ON), measuring 8.24%. The data predicted that Artificial Intelligence and
Decision Support Systems (A.and D.S.S) and Knowledge Management (KM) equally
measure 7.87%, only 0.17%, which is not that far from Sustainable Development Goals
(SDGs).Both Competitive Advantages (CA) and User Demattdsovation (U.DI) measure
7.42%, 0.45% lower than the two factors of Atrtificial Intelligence &wtision Support
Systems (A.1. and.S.S) and Knowledge Management (KM). Following, Information
Technology (IT)measures 7.34%, which is just 0.08% lower than Competitive Advantages
(CA) and User Demandsnovation (U.DI). Subsequently, Systems Integration) (8kasures
6.29%, which is 1.05% lower than Information Technology (IT). The final five factors are
Science Technolog and Innovation Strategy (S.T. ah8), measuring 3.7%; hence Socio
Economic Trends (&.Ts) at 5.69%, then Business Model (BM) at 5.36%, Simulation
Modelling (SM) at 4.72% and finallgtakeholdeEngagement (. E) at 4.53%. Just 1.24%

seprates the final five factors.

118



Germany is considered a leader in Industry 4.0, also known as the Fourth Industrial
Revolution, due to its strong manufacturing sector and advanced technology infrastructure. The
German government has been promoting Indugt® through various initiatives and

investments in research and development.

One of the main drivers of Industry 4.0 in Germany is the manufacturing sector, where
companies are looking to increase efficiency and productivity through the use of advanced
technologies such as I0T, Al, and big data. This is leading to the creation of "smart factories"
that are highly automated and connected, and able to mak@mwealecisions. The German

Industry 4.0 strategy focuses on the use of these technologies ianiacturing sector.

The German government has been promoting Industrigyletablishingnational and
regional innovatiorentresand clusters, such as the Fraunhofer Institutes, that provide funding,
mentorship, and resources to help companies develdg@nmercialize new products and
services. Another driver is the strong engineering and technology tradition in Germany which
gives it an advantage in developing new technologies. The country's large automotive industry,
for example, have been an earlyoptér of Industry 4.0 technologies and many of the
technologies that are used today in industry 4.0 have been developed by the german industry

and engineers

In addition, German universities and research institutions are working on Industry 4.0
related resarch and development, which is helping to develop and expand the technology in
different sectors. However, one of the challenges that Germany faces with Industry 4.0 is
the need to develop a more robust cybersecurity infrastructure to proteattieetea devices
and systems, as well as addressing the concern of job displacement and the need for a skilled

workforce to implement and manage these advanced technologies.
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Figure5-6. The priority weightof the subcriteria to Germany result

5.2.8. Result Analysis of China Data

Figure 57 demonstrates that Digitalisatidtush (DIP) was dominantin Chinese
organisationswith 53.62%, as a primary criterion, whereas DermBold (DE-P) measures
46.38%. Inlikeness to USA and Germanthe leading factor in China is Industry 4.0,
measuring 12.33%by comparison, this is 0.27% higher than the advanced economy of
Germany. The second most important criterion is User Derdandsation (U.DI),
measuring 9.74%vhich is 2.59% lower than thedding factor of Industry 4.0.,hereas
Artificial Intelligence andDecision Support Systems (A.1. amdS.S) is the third most
important factor, measuring 9.12%;is just 0.62% lower than User Demardsovation
(U.D-).

The fourth most crucial critevn, Systems Integration (SI), measures 6.97%, about
2.15% lower than Artificial Intelligence anBecision Support Systems (A.1l. abdS.S).
Correspondingly, Soci&conomic Trends (&.Ts) and Competitive Advantagd€A)
equally measure 6.49% each, which is just 0.48% lower than Systems Integration (Sl). Close
to these factors are the three criteria of Knowledge Management (KM), Open Networking (ON)
and Simulation ModellinggSM), measuring 6.43%vhich is just slighty lower by 0.06% than
SocioEconomic Trends (&.T9 andCompetitive Advantages (CA). It differs from the three
factors of Science, Technolp@nd Innovation Strategy (S.T. ah8), Business Model (BM),
and Sustainable Development Goals (SDGs), which uned&03%, just 0.40% smalldran
KnowledgeManagement (KM), Open Networking (ON) and Simulation Modelling (SM). The

penultimate factor is Information Technology (IT), measuring 5.90%, which is only 0.13%
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smaller than the three factors of Science, Teduyohnd Innovation Strategy (S.T. ah8),
Business Model (BM), and Sustainable Development Goals (SDGs). Finally, the bottommost
is StakeholdeEngagement($.E) at 5.57%, just 0.33% lower than the factor of Information
Technology (IT).

China is alsa leading country in Industry 4.0, also known as the Fourth Industrial
Revolution. The Chinese government has been promoting Industry 4.0 through various

initiatives and investments in research and development.

The Chinese government's "Made in China 20@&n is a key driver of Industry 4.0
in the country, which aims to improve the competitiveness of Chinese manufacturing by
promoting the adoption of advanced technologies such as 10T, Al, and big data. This has led to
the creation of "smart factories" @hina, which are highly automated and connected, and able

to make reatime decisions.

The Chinese government has also been promoting Industry 4.0 through the
establishment of national and regional innovatentresand clusters, such as the National
Engineering Research Center for Industrial Internet, which provide funding, mentorship, and
resources to help companies develop and commercialize new products and services.
Additionally, the Chinese economy has also been a key driver for Industry 4.0 yinyay
huge market for innovative products and services as well as making huge investments in R&D

to develop new technologies.

The Chinese technology sector is also playing a major role in Industry 4.0 in China,
with companies such as Huawei, Baidu anlib@ba investing heavily in loT and Al.
Additionally, many startups and small businesses are working on new technologies and

applications for Industry 4.0 such as autonomous vehicles, 3D printing, and advanced robotics.

However, one of the main challengbat China faces with Industry 4.0 is the need to
develop a more robust cybersecurity infrastructure to protect the connected devices and
systems as well as the concerns of job displacement and the need for a skilled workforce to

implement and manage tleeadvanced technologies.
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Figure5-7. The priority weights of the sutriteria to China result

5.2.9. Result analysis of Japarsedata

The Japanese resuitgure 5.13.shows that the main priority is Digitalizatidtush
(DI-P) by 51.9%, just a 3.8% dip from DemaRdIl (DE-P), measuring 48.1%. As with
Germany, China, and the USA, the leading criteria in Japan is Industry 4.0, with 12.27%. The
second most crucial factos Open Networking (ON), calculating 11.78%, which is 0.49%
smaller than Industry 4.0. Thirdlthe User Demand#nnovation (U.DI) measures 10.92%;
is 0.86% smaller than Open Networking (ON). Following, Artificial Intelligence Radision
Support Systms, (A.1. and.S.S) is the fourth most arial factor, measuring 8.83%; itjisst
1.19% lower than User Demanbsiovation (U.DI). Furthermore, the fifth criterion is
Sustainable Development Goals (SDGs), measuring 6.37%, some 2.46% lower thantthe facto
of Artificial Intelligence andDecision Support Systems (A.1. ddd5.S). Nevertheless, Soeio
Economic Trends (&.Ts); Science, Technology and InnovatiStrategy (S.T. and.S);
Competitive Advantages (CA) and Stakeholder EngagemehtHSmeasure 5196. These
four factorsmeasure 0.4% less than Sustainable Development Goals (SDGSs) criterion. On the
contrary, Knowledge Management (KM) measures 5.89%; it is only 0.02% lbaerthe
previous four factors; howevest measurement of 5.40% is the penudtienfactor of Systems
Integration (SI), Simulation Modelling (SM) and Information Technology (IT). Finally, the
bottommost is Business Model (BM), measuring 4.09%, which is 1.31% smaller than the three

previous factors.
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Japan is also one of the leading wies in Industry 4.0, also known as the Fourth Industrial
Revolution. The Japanese government has been promoting Industry 4.0 through various
initiatives and investments in research and development. One of the main drivers of Industry
4.0 in Japan is themanufacturing sector, where companies are looking to increase efficiency
and productivity through the use of advanced technologies such as 10T, Al, and big data. This
is leading to the creation of "smart factories" that are highly automated and conaedtedle

to make reatime decisions.

The Japanese government has been promoting Industry 4.0 through the establishment
of national and regional innovation centers and clusters, such as the Advanced Industrial
Science and Technology (AIST) and the Mirystf Economy, Trade and Industry's (METI)
Promotion of the Industrial Internet of Things (lloT) project, which provide funding,
mentorship, and resources to help companies develop and commercialize new products and
servicesThe Japanese technology se@l®o plays a major role in Industry 4.0 in Japan, with
companies such as Panasonic, Mitsubishi Electric and Fujitsu investing heavily in 10T and Al.
Additionally, many startups and small businesses are working on new technologies and

applications for Indusy 4.0 such as autonomous vehicles, 3D printing, and advanced robotics.

Moreover, Japan's strong tradition of robots and automation has led to the development
of advanced robots and automation technologies, and it plays a key role in Industry 4.0.
However one of the main challenges that Japan faces with Industry 4.0 is the need to develop
a more robust cybersecurity infrastructure to protect the connected devices and systems as well
as the concerns of job displacement and the need for a skilled workdoiroglement and

manage these advanced technolagies
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Figure5-8. The priority weights of the sutriteria for Japanese result

5.2.10.Result analysis of Canada data

Similar WR WKH ODVW IRXU F RRigQri\59)Ishbws tiaDijgiaBsati’ G D W D
Push (D#P) is the main priority criteriaacounting for 55.45%, compared to Demdpuall
(DE-P), measuring 44.55%. The significant suitberia Industry 4.0 is outstanding, with
13.20%. Next, Artificiallntelligence andecision Support Systems (A.1., abdS.S) scores
9.35%, almost 4% lower than Industry 4.0.the third place is User Demandisnovation
(U.D-I), scoring 8.40%; closely followed by Knowledge Management (KM) which is 7.70%.
In the joint fifth place are the three criteria of Open Networking (ON), Systems Integration
(S1), and SimulatioModelling (SM), each scoring 6.60% equally. Neocamethe three factors
of Business Model (BM), Sustainable Development Goals (SDGs), and Science, Teghnolog
and Innovation Strategy (S.T. and), each with a score of 6.19%. After these, Socio
economic Trends (&.Ts) are measured by 5.97%; in contrast, the score of 5.75% accounts for
both Competitive Advantages (CA) afdakeholdelEngagement (#. E) equdl, which is
just 0.22% lower than that of5.Ts. Finally, Information Technology (IT) takes the last place
with 5.50%, only 0.25% less than Competitive Advantages (CA) and Stakeholder Engagement
(Sh. E).

Canada is also actively promoting and investinglndustry 4.0 The Canadian
government has been promoting Industry 4.0 through various initiatives and investments in

research and development.
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The Canadian government has been promoting Industry 4.0 through programs such as the
Strategic Innovation Fuhand the Industrial Research Assistance Program (IRAP), which
provide funding and resources to help companies develop and commercialize new products
and servicesThe Canadian manufacturing sector also plays a major role in Industry 4.0, with
companies loking to increase efficiency and productivity through the use of advanced
technologies such as 10T, Al, and big dathis leads to the creation of "smart factories" that

are highly automatedpnnected, and able to make reale decisions.

The Canadian thnology sector also plays a major role in Industry 4.0, with companies
such as Shopify, Kinross Gold, Bombardier and many others investing in loT and Al
Additionally, many startups and small businesses are working on new technologies and
applications fotndustry 4.0 such as autonomous vehicles, 3D printing, and advanced robotics.
Canada's strong research and development capabilities and its universities have been promoting

Industry 4.0 through research and development.

Figure5-9. The priority weights of the sutriteria for Canadian result

5.2.11.Summary of the overall main criteria for the seven countries

Figure 5.0 demonstrates that Digitalisati®?ush is the most significant criterion
among the seven countries in this research. On the other hand, DEolbnas the highest
main criteria intheUK and UAE. The first countries which approached Digitalisaboish fo
the future era were Germany with 56%, the second country was Canada with 55.45%, then
China with 53.62%, the USA with 52.49%, followbg Japan with 51.49%. The penultimate
is the UAE with 45.05%, and the UK came last with 44.00&spectively.
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Figure5-10. The priority weights of the main criteria for the seven countries

On the other hand, the UK came top with DemBudl scoring 56%, followed byhe UAE
scoring 54.95%. Japan hadearly equalised score of 48.10 Yhe USA scored 47.51%, and
China scored 46.38%. Canada took the penultimate place with 44a88%ermany had the
lowest score with 44.00%. See Tablg.5.

Table5-1. The resllt for the main criteria per country

Based on the data presented, it seems that there are several common trends in the
different countries. The first trend is that the "Digitalizatumsh (DiP)" is the leading
criterion for all countries, meaning & businesses are priositig digital transformation
initiatives that are driven by internal factors, sucteabnologicahdvancements and the desire
to improve operational efficiency. The second trend is the importance of Industry 4.0, which is
the lealing subcriteria in all countries except China, where Open Networking (ON) is the most
crucial factor. This highlights the significance of Industry 4.0, which is an overarching term
that encompasses various advanced technologies and concepts, inckithigy tiet of Things

(1oT), artificial intelligence (Al), and cybgohysical systems (CPS). Another trend is the high
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importance placed on Artificial Intelligence and Decision Support Systems (A.1 and D.S.S),
which is the fourth most crucial factor in théS, Canada, and Japan. This highlights the
growing importance of Al in businesses, as it can help automate various processes, improve
decisionmaking, and enhance customer experience. In addition, there is also a trend of placing
importance on User Demanttmovation (U.DI) and Knowledge Management (KM), which

are both considered important stiiteria in most of the countries. This indicates that
businesses are taking into account the needs and demands of their customers and are investing
in systems andrpcesses to manage and utilize the vast amounts of data they collect. Lastly,
Sustainable Development Goals (SDGSs) are also considered an important factor in most of the
countries, indicating a growing recognition of the need for businesses to be sesjadigsible

and to take steps to promote environmental sustainability. Overall, the trends highlight a shift

towards a more digital, datiriven, and sustainable business landscape.

The priorities of the countries vary depending on the country's indestipomy, and
government policies. For instance, Industry 4.0 is the leading priority in Germany, China,
Japan, and Canada, reflecting a global trend towards the adoption of Industry 4.0 technologies.
This highlights the importance of incorporating autdoratand data exchange into the
manufacturing sector, which is crucial for the competitiveness and efficiency of industries. In
the USA, User Demandsnovation (UD-I) is the leading criterion, which shows that
businesses in the USA are focusingnoeeting the demands of their customers by innovating
their products and services. This is a significant trend, as it highlights the importance of
customercentric approaches in business. The high ranking of Sustainable Development Goals
(SDGs) in China andCanada highlights the importance of environmentally and socially
responsible practices, which are becoming increasingly important to businesses and consumers
alike. The priority of Knowledge Management (KM) in the USA and Canada shows that
companies in thse countries value the proper management of information and knowledge,
which is crucial for improving processes and decisitaking. The priority of Systems
Integration (SI), Simulation Modelling (SM) and Information Technology (IT) in Germany and
Japan eflects the importance of digital transformation in these countries and the need for an
integrated and efficient digital infrastructubserall, the varying priorities in different
countries show that each country has its unique set of challenges amtlioiips and that
businesses need to understand and respond to these priorities to remain competitive and

relevant.
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5.3. Sensitivity Analysis

Sensitivity Analysis (SA) definition variesccording to its application faractice. The
consensus concludes that &Aa science that studies and quantifies the impact of each input
parameter on the outputs via the circulation of uncertaifesget al, 2020) There are three
most popular ways to analyse criteria sensitif@ien,et al, 2010)explicitly:

I)  Firstly, changing criteria values.

i)  Secondly, changing the relative importance of criteria.

i) Thirdly, changing dteria weights.
This study will examine different scenarios and observe changing the weighted criteria on the
alternative ranking. Expert Choice software will be used to carry out the necessary analysis.
Implementing sensitivity analysis is crucial to eresthe reliability of the final decision through
the investigation of different scenarios and observation of the impact of changing the priority
of the criteria on the alternative ranking system. On the other hand, sensitivity graphs present
helpful perfamance, dynamic, gradient, and haadhead analysis. Furthmore, expert choice
offers OH[LELOLW\ WR WU\ WR FKDQJH WKH P-Busfy) DRilsavkdH FW LY H\
Pull) on the graphsof the Left Yaxis) andto see how the subriteria prioities change as a

result on the Right Yaxis), see Figure 5.16 as an example.

Therefore, lhe input data is slightly modified to observe the effect on the outcomes to
implement sensitivity analysi If the ranking does not change, then the results astdevad
VWDEOH DQG WKH XQFHUWDLQW\ LQ WKH SDUWLFLSDQW(TV
input data does not affect the final output. Otherwise, the impact should be considered when
concludingthe study. In this study, a dynamic sensitidtyalysis was selected to discover the
effect of the different weight alternatives allocated to the main criteria under investigation:

DemanPull and digitalisatiorpush.
5.3.1. Senstivity analysis for the seven countries (Globally)
5.3.1.1. Sensitivityanalysis at50% for both Digitalisationapush and demangull

Figure 5.1 illustrates the first scenaridemonstrating the changéthe main criteria
weight to be almost equally assigned at 50% for both Digitalisétish and Demar@ull.
The rest of the subriteria are ranked, respectively, as shdvatow, where Industry 4.0 is

placed at the top of the list with 14.21%. Conversely, Science, Technology & Innovation
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Strategy, Business Model and Stakeholder Engagement came at the bottom of the list equally
by 2.86%.

Figure5-11 Sensitivity analysiswith digitalisationrpush (50%) and demasmill (50%) for global result

5.3.1.2. Sensitivity analysis for 40% digitalisatiopush and 60% demargull

In the second scenario, the wedifdr the main criteria Demar@ull and Digitalisation
Push has been changed to 60% and 40%, respectively. Unlike the first scenario graphs, the
leading sukcriterion is User Demandsnovation, calculated to be 14.23%; howetee, final
three sukcriteria: Business Model; Science, Technology & Innovation Strategy and

Stakeholder Engagement, all have a value of 3.56%. See FigQrectoly.

Figure5-12 Sensitivity analysiswith digitalisatiorpush (40%) and demasmlll (60%) for global result

5.3.1.3. Sensitivity analysis for 60% digitalisatiopush and 40% demargull

Figure 5.B exemplifies the third scenario, with the weights for the main criteria being

60% for Digitalisatio-Push and 40% for Demand Pull. In the first place, Industry 4.0 scored
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an outstanding 16.48%. The last three criteria are all equally scored 2.22% each, namely
Science, Technology & Innovation Strategy; Business Model and Stakeholder Engagement.

Figure5-13. Sensitivity analysiswith digitalisationrpush (60%) and demasmll (40%) for global result

5.3.1.4. Sensitivity analysis for 70% digitalisatiopush and 30% demarngull

Figure 5.4 illustrates thefourth scenario,wherdy the main criteria weights are
changed to 70% fobigitalisationPushand 30% forDemandPull. The highest and lowest
priority of the final ranking of lower subriteria scoring each 1.62% is the latest three @iter
of Science, Technology & Innovation Strategy; Business Model, and Stakeholder Engagement

In contrast, the highest priority isdustry 4.0 with 18.64%.

Figure5-14. Sensitivity analysiswith digitalisatiorrpush (70%) and demasmlll (30%) for global result
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5.3.1.5. Sensitivity analysis for 30% digitalisatiopush and 70% demand pull

Figure 515 demonstrateshe final and fifth scenario in the global results when the
priority of the main criteria swapge¢o 70% for DemanéPull and 30% for Digitalisatiofush.
This scenario showthatthe uppermost sutriteria was User Demandsinnovation which
scored 17.2%. At the same time, Open Networking ranked at the bottommost of the sub
criteria with 3.66%.

Figure5-15. Sensitivity analysiswith DigitalisationPush (30%) and Dema#RLII(70%) for Global result
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Table5-2. Summary of theensitivity analysis for the seven counteris (global scenario)

Digitalisation-Push
(50%) and DemandPull

Digitalisation-Push (40%)
and DemandPull (60%)

Digitalisation-Push (60%)
and DemandPull (40%)

Digitalisation-Push
(70%) and Demand

Digitalisation-Push
(30%) and Demand

(50%) Pull (30%) Pull (70%)
14.21%)| Industry 4.0 14.23%| User Demandstinnovation| 16.48% | Industry 4.0 18.64% | Industry 4.0 17.23% ﬁsnirvatior?ema”ds +
i . Artificial Intelligence and ;
11.4506| USer  Demands 111 25001 |ndustry 4.0 11.889| Artificial Intelligence and) ;5 430, | Hocision Suppor| 12.929 | Sustainable Developme
Innovation Decision Support Systems Systems Goals
10.24% Artlf!c!al Intelligence and 10.68% Sustainable  Developme 9.41% | Information Technology | 10.64% | Information Technology | 11.29% | SocicEconomic Trends
Decision Support System Goals
8.58% CS;léztlz;mable Developme 9.32% | SocicEconomic Trends | 8.90% | User Demandsinnovation| 9.06% | Knowledge Managemen| 9.04% | Industry 4.0
8.11% | Information Technology | 8.45% Art|f!c!al Intelligence and 8.01% | Knowledge Management | 8.60% | Systems Integration 8.62% | Competitive Advantageq
Decision Support Systems
Artificial Intelligence and
7.50% | SocicEconomic Trends | 7.12% | Competitive Advantages | 7.61% | Systems Integration 8.38% | Simulation Modelling 6.52% | Decision Suppor
Systems
6.90% | Knowledge Management| 6.69% | Information Technology | 7.41% | Simulation Modelling 7.55% | Open Networking 5.16% | Information Technology
6.59% | Systems Integration 5.69% | Knowledge Management | 6.67% gtéztlzlnable Developme 6.49% IL;snirvatior?emands + 4.39% | Knowledge Managemen
6.39% | Simulation Modelling 5.41% | Systems Integration 6.67% | Open Networking 4.86% Sustainable Developme} 4.31% Smencg, Technology, ar
Goals Innovation Strategy
5.75% | Open Networking 5.27% | Simulation Modelling 5.83% | SocicEconomic Trends | 4.25% | SocicEconomic Trends | 4.31% | Business Models
5.72% | Competitive Advantages | 4.74% | Open Networking 4.45% | Competitive Advantages | 3.24% | Competitive Advantages 4.31% | StakeholdeEngagement
2 86% Smencg, Technology, arn 3.56% Smencg, Technology, an 2 2204 Smencg, Technology, ar 1.62% SC|ence_, Technology, an 4.17% | Systems Integration
Innovation Strategy Innovation Strategy Innovation Strategy Innovation Strategy
2.86% | Business Models 3.56% | Business Models 2.22% | Business Models 1.62% | Business Models 4.06% | Simulation Modelling
2.86% | StakeholdeEngagement | 3.56% | StakeholdeEngagement | 2.22% | StakeholdeEngagement | 1.62% | StakeholdeEngagement| 3.66% | Open Networking
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5.3.2. Sensitivity Scenarios for the UK

5.3.2.1. Sensitivity analysis at 50% fdyoth DigitalisationPush and DemandPull

Figure 516 illustrates the first scenaridemonstrating the changéthe main criteria
weight to be likewise recorded by almost 50% for both Digitalise®osh and Demar@ull.
The rest of the subriteria are anked, respectively, as presented belwonetheless, Industry
4.0 is shown at the top of the list with 10.19%, while Open Networking and Systems Integration
were exhibited equally at the bottats.10%.

Figure5-16. Sensitivity analysiswith DigitalisationPush (50%) and Demasiblll (50%) for the UK result

5.3.2.2. Sensitivity analysis for 40% DigitalisaticPush and 60% Demandéull

The second scenario is presented in Figutg Bdicating the weight for the main
criteria DemanePull 60%, and DigitalisatiorfPush 40%. Unlike the first scenario graphs, the
leading sukcriterion is User DemandBinovation measuring 11.49%; however, the final two
subcriteria, Open Networking and Systems Intggm, are shown at the bottom of the -sub

criteria list, accoumng for 4.03% each.

Figure5-17. Sensitivity analysiswith DigitalisationPush (40%) and DemasiLll (60%) for the UK result
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5.3.2.3. Sensitivity analysis for 60% DigitalisatioAPush and 40% DemandéPull

Figure 518demonstrates the third scenario, with the weights for the main criteria being
60% for DigitalisatioAPush and 40% for Demailll. Industry 4.0 has appeared as the
highest priority with 12.27%; the last lowest strigeria werethe Sustainabl®evelopment
Goals scoring 4.91%.

Figure5-18. Sensitivity analysiswith DigitalisationPush (60%) and Demasielll (40%) for the UK result

5.3.2.4. Sensitivity analysis for 70% Digitalisaticush and 30%DemandPull

Figure 519 clarifies thefourth scenariowhere the main criteria weights are almost
70% for DigitalisationPush and 30% forDemandPull. In this case, Industry 4.0 and
Sustainable Development Goal® the highest and lowest swbiteria with 14.46% and 3.69

respectively.

Figure5-19. Sensitivity analysiswith Digitalisation-Push (70%) and DemasieLll(30%) for the UK result

5.3.2.5. Sensitivity analysis for 30% Digitalisaticush and 70% Demandéull

Figure 5.2 explains the final and fifth scenario for the UK results when the priority of
the main criteria changet 70% for DemanePull and 30% for DigitalisatiofPush.This
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scenario showthatthe uppermost sutriteriawereUser Demandstinnovation, with a score
of 13.35%. At the same time, Open Networking and System Integration ranked at the
bottommost of the subriteria, scoring 2.98%.

Figure5-20. Sensitivity analysiswith DigitalisationPush (30%) and Demasull(70%) for the UK
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Table5-3. Summaryof the £nsitivity analysisfor the United Kingdom Scenarios

Digitalisation-Push
(50%) and Demand

Digitalisation-Push
(40%) and Demand

Digitalisation-Push
(60%) and Demand

Digitalisation-Push
(70%) and DemandPull

Digitalisation-Push (30%)

Pull (50%) Pull (60%) Pull (40%) (30%) and DemandPull (70%)
User Demands + User Demands *
10.19% | Industry 4.0 11.49% | Innovation 12.27% | Industry 4.0 14.46% | Industry 4.0 13.35% | Innovation
Artificial Intelligence Artificial Intelligence and
User Demands = Competitive and Decision Suppol Decision Suppor
9.61% | Innovation 9.68% | Advantages 9.20% | Systems 10.84% | Systems 11.24% | Competitive Advantages
Knowledge
8.09% | Competitive Advantageg 8.47% | SocicEconomic Trendg 8.59% | Management 10.12% | KnowledgeManagement| 9.83% | SocicEconomic Trends
Artificial Intelligence
and Decision Suppol Science, Technology Science, Technology, an
7.64% | Systems 8.47% | and Innovation Strategy 7.98% | Simulation Modelling | 9.40% | Simulation Modelling 9.83% | InnovationStrategy
Stakeholder Information
7.13% | Knowledge Managemen 8.47% | Engagement 7.98% | Technology 9.40% | Information Technology | 9.83% | Stakeholder Engagement
User Demands =+
7.08% | SocicEconomic Trends| 8.06% | Industry 4.0 7.77% | Innovation 7.23% | OpenNetworking 9.13% | Business Models
Science,  Technology Competitive Sustainable Developme
7.08% | and Innovation Strategy| 7.86% | Business Models 6.54% | Advantages 7.23% | Systems Integration 8.43% | Goals
Sustainable User Demands
7.08% | StakeholdeEngagement 7.26% | Development Goals 6.13% | Open Networking 5.84% | Innovation 5.97% | Industry 4.0
Artificial  Intelligence
and Decision Suppot Artificial Intelligence and
6.62% | Simulation Modelling 6.05% | Systems 6.13% | Systems Integration | 4.91% | Competitive Advantages| 4.48% | Decision Support Systems
Knowledge SocicEconomic
6.62% | Information Technology| 5.65% | Management 5.73% | Trends 4.30% | SocicEconomic Trends | 4.18% | Knowledge Management
Science, Technology
and Innovation Science, Technology, an
6.58% | Business Models 5.24% | Simulation Modelling | 5.73% | Strategy 4.30% | Innovation Strategy 3.88% | Simulation Modelling
Sustainable Information Stakeholder
6.07% | Development Goals 5.24% | Technology 5.73% | Engagement 4.30% | StakeholdeEngagement| 3.88% | Information Technology
5.10% | Open Networking 4.03% | Open Networking 5.32% | Business Models 3.99% | Business Models 2.98% | Open Networking
Sustainable Sustainable Developme
5.10% | Systems Integration 4.03% | Systems Integration 4.91% | Development Goals | 3.69% | Goals 2.98% | Systems Integration
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5.3.3. Sensitivity Scenarios for the AE
5.3.3.1. Sensitivity analysis at 50% for both Digitalisatiedush and DemandPull

Figure 5.2 illustrates the first scenarioepresenting the changé the main criteria
weight to be almost likewise recorded by 50% for both Digitalise®osh and Demar@ull.
The rest of the subriteria are ranked, respectively, as presented bdimmetheless, Industry
4.0 is shown at the top of the ligtccouning for 11.54%, while Simulation Modelling is
exhibited at the bottowith 4.52%.

Figure5-21. Sensitivity analysiswith Digitalisation Push (50%) and DemaRdill (50%) for the UAE result

5.3.3.2. Sensitivity analysis for 40% Digitalisaticush and 60% Demandéull

The second scenaii®realizedn Figure 5.2 indicatingthe weight for the main criteria
DemandPull to 60%and DigitalisatioAPush to 40%. Dissimilar to the first scenario graphs,
theleading sukcriterion is User Demandsinnovation measuring 12.57%; however, the final
subcriteria, Simulation Modelling, is shown at the bottom of the-aiieria list, accounting
for by 3.59%.

Figure5-22 Sensitivity analysiswith DigitalisationPush (40%) and Demasilll (60%) for the UAE result
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5.3.3.3. Sensitivity analysis for 60% DigitalisaticPush and 40% DemandéPull

Figure 5.3 demonstrates the third scenario, with the weidbit the main criteria being
60% for DigitalisatiorPush and 40% for DemasiRlll. Relative to the first scenario graphs
presented, the highest priority is Industry 4.0, which scoresitanding 13.83%n joint last
place, recording 4.81% each is Susahle Development Goals and Stakeholder Engagement.

Figure5-23. Sensitivity analysiswith DigitalisationPush (60%) and Demasielll (40%) for the UAE result

5.3.3.4. Sensitivity analysis for 709%igitalisation-Push and 30% Demandéull

Figure 5.2 clarifies thefourth scenariowhere the main criteria weights are almost
70% forDigitalisationPushand 30% forDemandPull. In this case, Industry 4.0 is found to
be the highest swutriteria, scoring ®.64%. The lowest sutriterion is Sustainable

Development Goals and Stakeholder Engagement, equally scored at 3.62%.

Figure5-24. Sensitivity analysiswith DigitalisationPush (70%) and Demasilll (30%) for the UAE result
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5.3.3.5. Sensitivity analysis for 30% DigitalisaticPush and 70% DemandéPull

Figure 525 clarifies the final and fifth scenario in the UAE results when the priority of
the main criteria is changed 70% for DemanePull and 30% for Digalisation-Push. This
scenario shes that the topmost sdyiterionis User Demandfnnovation scoring 14.8%.

At the same time, Simulation Modeling rankedhe bottommost of the sutriteria, scoring
2.69%.

Figure5-25. Sensitivity analysiswith DigitalisationPush (30%) and Demasibull (70%) for the UAE redt
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Table5-4 Summary of ensitivity analysisfor the United Arab Emirates Scenarios

DigitalisationPush
(50%) andDemandPull

Digitalisation-Push
(40%) and Demanérull

Digitalisation-Push
(60%) and Demanéull

Digitalisation-Push
(70%) and Demanéull

Digitalisation-Push
(30%) and Demanéull

(50%) (60%) (40%) (30%) (70%)
11.54%| Industry 4.0 12,579 | USeT  Demands £l 43 ga94 | |nqustry 4.0 16.16% | Industry 4.0 14.649% | User  Demands &
Innovation Innovation
User Demands  + Artificial Intelligence and Artificial Intelligence and
10.46% Innovation 1 9.18% | Industry 4.0 12.02% | Decision Suppor{ 14.05% | Decision Supporl 9.76% | SocicEconomic Trends
Systems Systems
Artificial Intelligence and Science. Technoloav. an
10.04%| Decision Suppor| 8.38% | SocicEconomic Trends | 8.42% | Knowledge Managemen 9.84% | Knowledge Managemen 9.76% | ! S 9y,
Systems nnovation Strategy
7.03% | Knowledge Managemen| 8.38% Suencg, Technology, an 8.42% User : Demands ~ + 7.73% | Open Networking 9.76% | Business Models
Innovation Strategy Innovation
6.97% | SocicEconomic Trends | 8.38% | Business Models 6.61% | Open Networking 7.73% | Systems Integration 9.76% | Competitive Advantages
6.97% Suencgjl’echnology, and g 3gu Competitive Advantageg 6.61% | Systems Integration 7.73% | Information Technology | 8.37% Sustainable Developmer
Innovation Strategy Goals
Artificial Intelligence and User Demands  +
6.97% | Business Models 7.98% | Decision Suppor] 6.61% | Information Technology | 6.33% Innovation | 8.37% | StakeholdeEngagement
Systems
6.97% | Competitive Advantageg 7.19% gléztlz;mable Developme 5.61% | SocicEconomic Trends | 6.32% | Simulation Modelling 6.88% | Industry 4.0
Sustainable Developmel Science, Technology, an Artificial Intelligence and
5.98% P 7.19% | StakeholdeEngagement| 5.61% ! 9. 8N 4229 | SocioEconomic Trends | 5.98% | Decision Suppori
Goals Innovation Strategy S
ystems
5.98% | StakeholdeEngagement| 5.59% | Knowledge Managemen 5.61% | Business Models 4.22% Smence_, Technology, an 4.19% | Knowledge Managemen
Innovation Strategy
5.52% | Open Networking 4.39% | Open Networking 5.61% | Competitive Advantages 4.22% | Business Models 3.29% | Open Networking
5.52% | Systems Integration 4.39% | Systems Integration 5.41% | Simulation Modelling 4.22% | Competitive Advantageg 3.29% | Systems Integration
5.52% | Information Technology | 4.39% | Information Technology | 4.81% g(;)ztlzmable Developme 3.62% gtésétgmable Developme 3.29% | Information Technology
4.52% | Simulation Modelling 3.59% | Simulation Modelling 4.81% | StakeholdeEngagement| 3.62% | StakeholdeEngagement| 2.69% | Simulation Modelling
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5.3.4. Sensitivity Scenarios for theUSA
5.3.4.1. Sensitivity analysis at 50% for both DigitalisatieBush and DemandPull

Figure 526 illustrates the first scenario, demonstrating the main criteria weight to be
almost 50% for both DigitalisatieRush and DemarBull. The rest of the sutriteria are

ranked, respectively, as presented below

Figure5-26. Sensitivity analysiswith DigitalisationPush (50%) and Dema#Rlll (50%) for the USA result

5.3.4.2. Sensitivity analysis for 40% DigitalisaticPush and 60% Demandéull

The second scenario in FigurBbchangedhe weight for tle main criteria Demand
Pull to 60% andDigitalisationtPushto 40%. Unlike the first scenario graph, the leading sub
criterion is Competitive Advantages measuring 11.24%, and the finatréaba Open

Networking, is shown at the bottom of the list, scgr&188%.

Figure5-27. Sensitivity analysiswith DigitalisationPush (40%) and DemasRLIl (60%) for the USA result
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5.3.4.3. Sensitivity analysis for 60% DigitalisaticPush and 40% DemandéPull

Figure 528 demonstrates thaird scenariowith the weights for the main criteria being
60% for DigitalisatioAPush and 40% for DemaRUll. Industry 4.0is the highest priority,
with a score ©11.91%. The least stdyiteria aréScience, Technology and InnovatiBtrategy
(S.T&IL.S) and Stakeholder Engagemaenjch jointly scored at 5.58%.

Figure5-28. Sensitivity analysiswith DigitalisationPush (60%) and DemasRLll (40%) for the USA result

5.3.4.4. Sensitivity analysisdr 70% DigitalisationrPush and 30% Demandéull

Figure 529 clarifies the fourth scenario, where the main criteria weights are almost
70% for DigitalisatioaPush and 30% for DemasRLIl. In this case, Industry 4.0 has been the
highest scoring subriteria, with S.T&l.S and Stakeholder Engagement scoring lowest, at
14.28% and 4.33%, respectively.

Figure5-29. Sensitivity analysiswith DigitalisationPush (70%) and DemasRLll (30%) for the USA result
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5.3.4.5. Sensitivity analysis for 30% DigitalisaticPush and 70% DemandéPull

Figure 530 explains the final and fifth scenario for the USA results when the priority
of the main criteria is @nged to 30% for DigitalisatieRush and 70% for DemasRlll. This
scenario shows th#éle uppermost subriterionis Competitive Advantages, with 12.74%. At
the same time, Open Networking ranks at the bottommost of theriseia, scoring 2.84%.

Figure 5-30. Sensitivity analysiswith DigitalisationPush (30%) and Dema#Rlll (70%) for the USA result
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Table5-5. Summary of ensitivity analysisfor the United States of America Scenarios

Digitalisation-Push
(50%) and Demand
Pull (50%)

Digitalisation-Push
(40%) and Demand
Pull (60%)

Digitalisation-Push
(60%) and Demand
Pull (40%)

Digitalisation-Push
(70%) and Demand
Pull (30%)

Digitalisation-Push
(30%) and Demand
Pull (70%)

9.63% | Competitive Advantagey 11.24%| Competitive Advantage§ 11.91%/| Industry 4.0 14.28%| Industry 4.0 12.74%| Competitive Advantage
9.63% User Demands  + 11.24% User Demands & 7.91% | Competitive Advantagey 8.81% | Systems Integration 12.74% User Demands ~ +
Innovation Innovation Innovation
9.61% | Industry 4.0 9.92% | Business Models 7.91% ﬂi%(/atior?ema”ds *| 8.81% | Simulation Modelling | 11.24%| Business Models
Sustainable Artificial ~ Intelligence Sustainable
8.50% | Business Models 9.92% 7.35% | Systems Integration 8.37% | and Decision Suppol 11.24%
Development Goals Development Goals
Systems
Sustainable . . . . . . .
8.50% 8.60% | SocioEconomic Trends| 7.35% | Simulation Modelling 8.30% | Knowledge Managemer 9.74% | SociocEconomic Trends
Development Goals
Science Technolo Artificial ~Intelligence Science Technolo
7.37%| SocioEconomic Trends| 7.94% o 9% 6.98% | and Decision Suppot 7.55% | Information Technology| 8.99% o 9y
and Innovation Strategy Systems and Innovation Strategy
6.80% Science, 'Technology 7.94% | StakeholdeEngagemeni 6.98% | Business Models 7.42% | Open Networking 8.99% | StakeholdeEngagemen
and Innovation Strategy
6.80% | StakeholdeEngagemen| 7.46% | Industry 4.0 6.98% Sustainable 6.14% | Competitive Advantagey 5.45% | Industry 4.0
Development Goals
5.93%| Systems Integration 4.60% | Systems Integration 6.93% | Knowledge Managemer| 6.14% IL;sn%rvatiorl?emands + 3.37% | Systems Integration
5.93%| Simulation Modelling 4.60% | Simulation Modelling 6.30% | Information Technology| 5.42% | Business Models 3.37% | Simulation Modelling
Artificial  Intelligence Artificial  Intelligence Sustainable Artificial  Intelligence
5.63%| and Decision Suppol 4.37% | and Decision Suppol 6.19% | Open Networking 5.42% 3.20% | and Decision Suppol
Development Goals
Systems Systems Systems
5.59% | Knowledge Managemern 4.37% | Knowledge Managemer 6.05% | SocicEconomic Trends| 4.69% | SocicEconomic Trends| 3.18% | Knowledge Managemer
5.08% | Information Technology| 3.95% | Information Technology| 5.58% Science, _Technology 4.33% Science, _Technology 2.89% | Information Technology
and Innovation Strategy and Innovation Strategy
5.00% | Open Networking 3.88% | Open Networking 5.58% | StakeholdeEngagemen| 4.33% | StakeholdeEngagemen{ 2.84% | Open Networking
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5.3.5. Sensitivity Scenarios forGermany

5.3.5.1. Sensitivity analysis at 50% for botbigitalisation-Push and DemandPull

Figure 5.3 illustrates the first scenario, demonstrating ¢hangef the main criteria
weight to be almost likewise recorded by almost 50% for both Digitalis®tish and
DemandPull. The rest of the sutriteria are ranked, respectively, as presented below.
Nonetheless, Industry 4.0 is shown at the top of the lidt W@.72%, while Simulation
Modelling was exhibited at the bottom, recorded at 4.19%.

Figure5-31. Sensitivity analysiswith DigitalisationPush (50%) and Demasiull (50%) for Germany's result

5.3.5.2. Sensitivty analysis for 40% DigitalisatiorfPush and 60% Demandéull

The second scenario presented in Figud2 &orrectedhe weight for the main criteria
DemandPull to 60% and Digitalisation Push to almost 40%. Dissimilar to the first scenario
graphs, tk leadhg subcriteria are Sustainable Development Goals measuring 11.23%;
however, the final subriteria, Simulation Modellingareshown at the bédm subcriteria list,

accountingor 3.35%.
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Figure5-32 Sensitivity analysiswith DigitalisationPush (40%) and DemasiRuIl (60%) for Germany's result

5.3.5.3. Sensitivity analysis for 60% DigitalisaticPush and 40% Demandéull

Figure 5.3 demonstrates the third scenario, with the Wwesdor the main criteria being
60% for DigitalisatiorPush and almost 40% for DemaRdIl. Relative to the first scenario
graphs presented, the highest priority is Industry 4.0, which scores an outstanding 12.95%;

Stakeholder Engagement is the least efgtibcriteria, scoring 4.11%.

Figure5-33. Sensitivity analysiswith DigitalisationPush (60%) and Dema#ieLll(40%) for Germany's result

5.3.5.4. Sensitivity analysis for 70% Digitalisaticush and 30% Demandéull

Figure 5.3 clarifies thefourth scenariowhere the main criteria weights are almost

70% for DigitalisationPush and 30% forDemandPull. In this case, Industry 4.0 and
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Stakeholder Engagement are the highest and lowestrgaba with 15.11% and.10%,

respectively.

Figure5-34. Sensitivity analysiswith DigitalisationPush (70%) and Demasiull (30%) for Germany's result

5.3.5.5. Sensitivity analysis for 30% Digitalisaticush and 70%DemandPull

Figure 535 clarifies the final and fifth scenario for the German results when the priority
of the main criteria is changed to 70% for Dem&udl and 30% for DigitalisaticfPush. This
scenario shows that the topmost-suiberiawereSustainale Development Goals, recorded at
13.05%. At the same time, Simulation Modeling ranked at the bottommost of teetsuia,
scoring 2.58%.

Figure5-35. Sensitivity analysiswith DigitalisationPush (40%) and DemasiLll (70%) for Germany's result
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Table5-6. Summary of theemnsitivity analysis fortGermany Scenarios

DigitalisationPush
(50%) and Demanéull
(50%)

Performance Sensitivity of GermanyScenarios

Digitalisation-Push
(40%) and Demanérull
(60%)

Sustainable

Digitalisation-Push
(60%) and Demanéull
(40%)

Digitalisation-Push
(70%) and Demanéull
(30%)

Digitalisation-Push
(30%) and Demanéull
(70%)

Sustainable

0, 0, 0, 0, 0,
10.72%| Industry 4.0 11.23% Development Goals 12.95%| Industry 4.0 15.11%| Industry 4.0 13.05% Development Goals
.39% .10%| Competitive Advantagey 10.14%| Open Networking .82%/| Open Networking .75%| Competitive Advantages
9.39% ggﬁﬁg‘;ﬁfm Goals | 10-10%]| Competitive Advantages 10.14%| Open Network 11.82%| Open Network 11.75%| Competitive Advant
User Demands  + Artificial ~ Intelligence Artificial ~ Intelligence User Demands  +
8.45%| Competitive Advantagey 10.10% . ~| 8.45% | and Decision Suppot 9.85% | and Decision Suppol 11.75% . -
Innovation Innovation
Systems Systems
8.45% User . Demands ~ + 8.57% | Industry 4.0 8.45% | Knowledge Managemer| 9.85% | Knowledge Managemer| 9.14% Science, .Technology
Innovation and Innovation Strategy
8.39%| Open Networking 7.86% Science, 'Technology 7.88% | Information Technology| 9.20% | Information Technology| 9% SocioEconomic Trends
and Innovation Strategy
Artificial  Intelligence Sustainable
6.99%| and Decision Suppol 7.75% | SocicEconomic Trends| 7.48% | Goal 7.88% | Systems Integration 8.48% | Business Models
Systems Development Goals
6.99% | Knowledge Managemen 7.30% | Business Models 6.76% | Systems Integration 5.91% | Simulation Modelling 7.18% | Stakeholder Engageme
6.57% Science, 'Technology 6.71% | Open Networking 6.73% | Competitive Advantagey 5.63% Sustainable 6.44% | Industry 4.0
and Innovation Strategy Development Goals
6.52%| Information Technology| 6.17% | Stakeholder Engageme| 6.73% :ﬁ]%r\/atiorl?emands * 5.07% | Competitive Advantagey 5.04% | Open Networking
Artificial  Intelligence Science Technolo User Demands  + Artificial  Intelligence
6.48%| SocicEconomic Trends| 5.59% | and Decision Suppot 5.23% o 9 5.07% . | 4.20% | and Decision Suppol
and Innovation Strategy| Innovation
Systems Systems
6.10%| Business Models 5.59% | Knowledge Managemer] 5.16% | SociecEconomic Trends| 3.94% Science, .Technology 4.20% | Knowledge Managemer
and Innovation Strategy
5.59% | Systems Integration 5.22% | Information Technology| 5.07% | Simulation Modelling 3.89% | SociaEconomic Trends| 3.92% | Information Technology
5.16% | Stakeholder Engageme| 4.47% | Systems Integration 4.86% | Business Models 3.66% | Business Models 3.36% | Systems Integration
4.19%| Simulation Modelling 3.35% | Simulation Modelling 4.11% | Stakeholder Engageme| 3.10% | Stakeholder Engageme| 2.52% | Simulation Modelling
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5.3.6. Sensitivity Scenarios forChina

5.3.6.1. Sensitivity analysis at 50% for botbigitalisation-Push and DemandPull

Figure 536 illustrates the first scenaridemonstrating the changéthe main criteria
weight to be almost likewise recorded by 50% for both Digitalise®osh and Demar@ull.
The rest of the subriteria are rankedespectively, as presented beldWonetheless, Industry
4.0 is shown at the top of the list with 11.49%; Information Technology is exhibited at the
bottom recorded at 5.50%.

Figure5-36. Sensitivity anatsiswith DigitalisationPush (50%) and Dema#RLII(50%) for China's result

5.3.6.2. Sensitivity analysis for 40% Digitalisaticush and 60% Demandéull

The second scenario presented in Figus& &orrectel the weight for DemanBull to
60% andDigitalisationtPush to 40%. Unlike the first scenagmph, the leading sutriterion
is User DemandBnovation measuring 12.62%; however, Information Technology is shown

at the bottom of the sutriteria list, accounting for 4.39%.
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Figure5-37. Sensitivityanalysiswith DigitalisationPush (60%) and Demasieblll (40%) for China result

5.3.6.3. Sensitivity analysis for 60% DigitalisaticPush and 40% DemandéPull

Figure 538demonstrates the third scenario, withweaghts for the main criteria being
40% for DemandPull and 60% for Digitalisatio®ush. Industry 4.0 has appeared as the
highest priority with13.82%; the lowest sutriterion is Stakeholder Engagement scoring
4.79%.

Figure5-38.Sensitivityanalysiswith DigitalisationPush (60%) and Demasfeblll (40%) for China result
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5.3.6.4. Sensitivity analysis for 70% DigitalisaticPush and 30% DemandéPull

Figure 539 clarifies thefourth scenariowherdoy the main criteria weights are almost
70% for DigitalisationPush and 30% forDemandPull. In this case, Industry 4.0 and
Stakeholder Engagement dahe highest and thewest sukcriteria, with 16.09% and 3.61%,

respectively.

Figure5-39.Sensitivityanalysiswith DigitalisatiorrPush (70%) and Demasfelll (30%) for China's result

5.3.6.5. Sensitivity analysis for 30% Digitalisaticush and 70% Demandéull

Figure 540clarifies the final and fifth scenarin the China results whereliye priority
of the main criteria is changed to 70% for Dem&udl and 30% for Digitalisatiofush. This
scenario shows thahe topmost sulsriterionwas User Demandsinovation, with ascore of
14.70%. At the same time, Information Technology ranked at the bottommost of the sub

criteria, scoring 3.30%.
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Figure5-40.Sensitivityanalysiswith DigitalisationPush (30%) and Demasfebull (70%) br Chinasresult
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Table5-7. Summary of serigvity analysisfor China Scenarios

Digitalisation-Push (50%)
and DemandPull (50%)

Performance Sensitivity of China Scenarios

Digitalisation-Push
(40%) and Demand

Digitalisation-Push
(60%) and Demand

Digitalisation-Push
(70%) and DemandPull

Digitalisation-Push
(30%) and DemandPull

Pull (60%) Pull (40%) (30%) (70%)
11.49% | Industry 4.0 12.6206| USEr  Demands £/ ;3 500l nqustry 4.0 14.7006| YUSEr ~ Demands 1 ¢ ho0 | Industry 4.0
Innovation Innovation
Artificial Intelligence Artificial Intelligence and
10.51% | User Demand&innovation| 9.18% | Industry 4.0 10.22%| and Decision Suppol 9.80% | SocicEconomic Trends | 11.89% Decision Supp%rt System
Systems
8.50% Art|f!c!al Intelligence and 8.41% SocioEconomic 8.38% User 'Demands * 9.80% | Competitive Advantages | 9.09% | Systems Integration
Decision Support Systemg Trends Innovation
7.00% SocioEconomic Trends | 8.41% Competitive 7.81% | Systems Integration | 9.10% Suencg, Technology, an 8.39% | Knowledge Management
Advantages Innovation Strategy
N Science, Technolqu Knowledge . .
7.00% Competitive Advantages | 7.81% | and Innovation 7.21% Management 9.10% | Business Models 8.39% | Open Networking
Strategy 9
6.50% Suencg, Technology, ar 7.81% | Business Models 7.21% | Open Networking 9.10% Sustainable - Developme 8.39% | Simulation Modelling
Innovation Strategy Goals
6.50% Business Models 7.81% 3233?;nt;|:nt Goals 7.21% | Simulation Modelling| 8.40% | StakeholdeEngagement | 7.69% | Information Technology
6.50% Sustainable Developmel 721% Stakeholder 6.61% Information 9.60% | Industry 4.0 6.31% User _ Demands %
Goals Engagement Technology Innovation
Artificial Inteliigence SocieEconomic Artificial Intelligence and
6.50% Systems Integration 6.78% | and Decision Suppol 5.59% d 5.10% ision S 9 S 4.21% | SocicEconomic Trends
Systems Trends Decision Support System
. 0 . o | Competitive o i 0 iti
6.00% StakeholdeEngagement | 5.19% | Systems Integration | 5.59% Advantages 3.90% | Systems Integration 4.21% | Competitive Advantages
Science, Technology .
6.00% Knowledge Management | 4.79% Knowledge 5.19% | and Innovation 3.60% | Knowledge Management | 3.91% Smence_, Technology, an
Management Strategy Innovation Strategy
6.00% Open Networking 4.79% | Open Networking 5.19% | Business Models 3.60% | Open Networking 3.91% | Business Models
6.00% Simulation Modelling 4.79% | Simulation Modelling| 5.19% [S)Zigg]s:]fm Goals 3.60% | Simulation Modelling 3.91% gcl)ztgmable Developme
5.50% Information Technology | 4.39% !Fggmglt(g; 4.79% g]aék:;;!:gt 3.30% | Information Technology | 3.61% | StakeholdeEngagement

153



5.3.7. Sensitivity Scenarios forJapan

5.3.7.1. Sensitivity analysis at 50% for both DigitalisatieBush and DemandPull

Figure 5.4 shows the first scenaricepresenting the changéthe main criteria weight
to be almost 50% for both Digitalisatid?ush and Demanrull. The rest of the sutriteria
are ranked, respectively, as presented below. Nonetheless, Industry 4.0 is shown at the top of
the list with 11.85%; Business Model washibited at the bottom of the ljsecorded at 4.26%.

Figure5-41. Sensitivityanalysiswith DigitalisationPush (50%) and Dema+tRUll (50%) for Japan result

5.3.7.2. Sensitivity analysis for 409%igitalisation-Push and 60% Demandéull

The second scenario presented in Figur@ lvangedhe weight for Demanéull to
60% and DigitalisatioAPush to 40%. Unlike the first scenario graph, theifepdubcriterion
is the User Demand#novation measung 13.83%; however, Information Technology,
Systems Integration, and Simulation Modeling are shown at the bottom of toatsuila list,

equally accountindor by 4.22%.
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Figure5-42. Sensitivityanalysiswith DigitalisationPush (40%) and DemasiuIl (60%) for Japan result

5.3.7.3. Sensitivity analysis for 60% DigitalisaticPush and 40% DemandéPull

Figure 5.8 demonstrates the third scenario, with the weights for the main criteria being
40% for DemandPull and 60%for DigitalisationPush. Industry 4.0 has appeared as the
highest priority with14.06%; the lowest sutriterionis Business Model scoring 3.37%.

Figure5-43. Sensitivityanalysiswith DigitalisationPush (60%) and Demasilll (40%) for Japan result
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5.3.7.4. Sensitivity analysis for 70% DigitalisaticPush and 30% DemandéPull

Figure 5.4 clarifies thefourth scenariowhere the main criteria weights are almost
70% forDigitalisationPushand 30% forDemandPull. In this case, Industry 4.0 and Business

Model arethe highest and lowest s@biteria with 16.19% and 2.50%, respectively.

Figure5-44. Sensitivityanalysiswith DigitalisationPush (70%) and DemasiuIl (30%) for Japan result

5.3.7.5. Sensitivity analysis for 30% Digitalisaticush and 70% Demandéull

Figure 545 clarifies the final andifth scenariofor the Japan results when the priority
of the main criteria is changed to 70% BemandPull and 30% foDigitalisation-Push This
scenario shws that the topmost sutriterion was User Demanddnnovation, recorded at
16.32%. At the same timénformation Technologyranked &the bottommost of the sub

criteria, scoring 3.21%.
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Figure5-45. Sensitivityanalysiswith DigitalisationPush (30%) and Demasiull (70%) for Japan result
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Table5-8. Summary 6 sensitivity analysisfor Japan Scenarios

DigitalisationPush
(50%) and Demanéull
(50%)

Digitalisation-Push
(40%) and Demanéull
(60%)

Digitalisation-Push
(60%) and Demanéull
(40%)

Digitalisation-Push
(70%) and Demanéull
(30%)

DigitalisationPush
(30%) and Demanéull
(70%)

11.84%)| Industry 4.0 13.830| USeT  Demands X, eo0 | 1ndustry 4.0 16,3206 USEr  Demands | 4510001 1ndustry 4.0
Innovation Innovation
11.38% | Open Networking 9.59% | Industry 4.0 13.49% | Open Networking 9.52% glcj)si;tgmable Developme 15.54% | Open Networking
User Demands  + Artificial Intelligence Artificial Intelligence and
11.37% Innovation 1 9.20% | Open Networking 10.12%| and Decision Suppol 8.84% | SocioEconomic Trends| 11.65% | Decision Suppor
Systems Systems
Artificial Intelligence . .
8.54% | and Decision Suppol 8.07% Sustainable Developme 8.98% User : Demands & 8.84% Science, .Technology 7.77% | Knowledge Managemen
S Goals Innovation and Innovation Strategy
ystems
Sustainable . . o .
6.63% 7.49% | SocicEconomic Trends| 6.75% | Knowledge Managemen 8.84% | Competitive Advantagesg 7.12% | Systems Integration
Development Goals
6.16% | SocicEconomic Trends | 7.49% Science, _Technology 6.18% | Systems Integration 8.84% | StakeholdeEngagement 7.12% | Simulation Modelling
and Innovation Strategy
6.16% Science, 'Technology 7.49% | Competitive Advantageg 6.18% | Simulation Modelling 7.29% | Industry 4.0 7.12% | Information Technology
and Innovation Strategy
" . . User Demands
6.16% | Competitive Advantageg 7.49% | StakeholdeEngagement 6.18% | Information Technology | 7.00% | Open Networking 6.66% Innovation
Artificial Intelligence . .
6.16% | StakeholdeEngagement 9.90% | and Decision Supporl 5.24% (S;(J)satlzmable Developme 6.12% | Business Models 3.89% gcj)jgmable Developme
Systems
Artificial Intelligence
5.69% | Knowledge Managemen 5.19% | Business Models 4.86% | SocioEconomic Trends | 5.25% | and Decision Suppol 3.61% | SocicEconomic Trends
Systems
5.22% | Systems Integration 4.60% | Knowledge Managemen 4.86% Science, _Technology 3.50% | Knowledge Managemen 3.61% Smencg, Technology, an
and Innovation Strategy Innovation Strategy
5.22% | Simulation Modelling 4.22% | Systems Integration 4.86% | Competitive Advantageg 3.21% | Systems Integration 3.61% | Competitive Advantageq
5.22% | Information Technology | 4.22% | Simulation Modelling 4.86% | StakeholdeEngagement] 3.21% | Simulation Modelling 3.61% | StakeholdeEngagement
4.26% | Business Models 4.22% | Information Technology | 3.37% | Business Models 3.21% | Information Technology | 2.50% | Business Models
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5.3.8. Sensitivity Scenarios forCanada

5.3.8.1. Sensitivity analysis at 50% for both Digitalisatieidush and DemandPull

Figure 546 shows the first scenario, represegtthe changef the main criteria weight
to be almost likewise recorded by 50% for both DigitalisaBaish and DemarBull. The rest
of the sukcriteria are ranked, respectively, as presented below. Nonetheless, Industry 4.0 is
shown at the top of the list with 11 %) Information Technology was exhibited at the bottom
of the list recorded at 4.96%.

Figure5-46. Sensitivityanalysiswith DigitalisationPush (50%) and DemasRull (50%) for Canadaresult

5.3.8.2. Sensitivity analysis for 40% DigitalisaticPush and 60% Demandéull

The second scenario presented in Figure Btiihgedhe weight for DemanéPull to
60% and DigitalisatioAPush to 40%. Unlike the first scenagmph, the leading sutriterion
is User Zemanddnnovation measuring 11.30%; however, Information Technology is shown

at the bottom of the sutriteria list all equally accounted for by 3.98%.
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Figure5-47. Sensitivityanalysiswith DigitalisationPush (40%) and DemasRLUIl (60%) for Canadaresult

5.3.8.3. Sensitivity analysis for 60% DigitalisaticPush and 40% DemandéPull

Figure 548demonstrates the third scenario, with the weights for the main criteria being
40% for DemandPull and 60% for Digitalisatio#®ush. Industry 4.0 has appeared as the
highest priority with 14.30%; the lowest sabteria are Competitive Advantages and

Stakelolder Engagement scoring 5.15% each.

Figure5-48. Sensitivityanalysiswith DigitalisationPush (60%) and DemasiLll (40%) for Canadaresult

5.3.8.4. Sensitivity analysis for 70% Digitalisaticush and 30% DemadkPull

Figure 549 clarifies thefourth scenariowhere the main criteria weights are almost

70% forDigitalisationPushand 30% foDemandPull. In this case, Industry 4.0 is the highest
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sub-criterion, scoring 16.66%, and both Competitive AdvantageStaiceholdeEngagement

are the lowest subriterion with 3.87% each.

Figure5-49. Sensitivityanalysiswith DigitalisationPush (70%) and @mandPull (30%) for Canadaresult

5.3.8.5. Sensitivity analysis for 30% Digitalisaticush and 70% Demandéull

Figure 5.9 clarifies the final andifth scenario for the Canada resulighere the
priority of the main criteria weights are 30% for Digitalisatidash and 70% fdbemandPull.
This scenario showkatthe uppermost subriterionis User Demandinovation, with a score
of 13.21%. At the same time, Information Technology is ranked as the bottommost with a score
of 2.98%.

Figure5-50. Sensitivityanalysiswith DigitalisationPush (8%) and DemandPull (70%) for Canadaresult
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Table5-9. Summary ofensitivity analysisfor Canada Scenarios

Digitalisation-Push
(50%) and DemandPull
(50%)

Digitalisation-Push
(40%) and DemandPull
(60%)

Digitalisation-Push
(60%) and DemandPull
(40%)

Digitalisation-Push
(70%) and DemandPull
(30%)

Digitalisation-Push
(30%) and DemandPull
(70%)

11.90% | Industry 4.0 11.300| USer  Demands £\, a600| |ndustry 4.0 16.66% | Industry 4.0 13.2105| USer ~ Demands &
Innovation Innovation
User Demands  + Artificial Intelligence and Artificial Intelligence and Science. Technoloav. an
9.43% . 1 9.55% | Industry 4.0 10.13% /| Decision Support 11.80%| Decision Suppor| 9.73% - 9y
Innovation Innovation Strategy
Systems Systems
Artificial Intelligence and Science. Technoloay. an
8.43% Decision Suppor{ 8.33% | - S gy, 8.34% | Knowledge Managemen] 9.72% | Knowledge Managemen] 9.73% | Business Models
Systems nnovation Strategy
6.950 | Sclence, Technology, arff g 5a0. | g ciness Models 7.530 | USer ~ Demands £ g oo0. | 5hen Networking 9.73% | Sustainable Developme
Innovation Strategy Innovation Goals
6.95% Business Models 8.33% glésatlz;mable Developme 7.15% | Open Networking 8.33% | Systems Integration 9.39% | SocicEconomic Trends
6.95% (S;lcj)ztglnable Developmel 8.03% | SocicEconomic Trends | 7.15% | Systems Integration 8.33% | Simulation Modelling 9.04% | Competitive Advantages
6.94% Knowledge Managemen| 7.73% | Competitive Advantages| 7.15% | Simulation Modelling 6.94% | Information Technology | 9.04% | StakeholdeEngagement
6.70% SocioEconomic Trends | 6.77% | StakeholdeEngagement| 5.96% | Information Technology | 5.65% IL:;%rvatiorI]Demands * 7.16% | Industry 4.0
Artificial Intelligence and . . . .
6.46% Competitive Advantages| 5.57% | Decision Suppor{ 5.55% Suencg, Teschnology, an 4.17% Smencg, TeSchnoIogy, an 5.07% Artlf!c!al Igtelhgenge and
Systems Innovation Strategy Innovation Strategy Decision Support System
6.46% StakeholdeEngagement| 4.78% | Knowledge Managemen| 5.55% | Business Models 4.17% | Business Models 4.17% | Knowledge Managemen
5.95% Open Networking 4.78% | Open Networking 5.55% gésétlzmable Developme 4.17% gtésétgmable Developme 3.58% | Open Networking
5.95% Systems Integration 4.78% | Systems Integration 5.35% | SocioEconomic Trends | 4.02% | SocioEconomic Trends | 3.58% | Systems Integration
5.95% Simulation Modelling 4.78% | Simulation Modelling 5.15% | Competitive Advantages| 3.87% | Competitive Advantages| 3.58% | Simulation Modelling
4.96% Information Technology | 3.98% | Information Technology | 5.15% | StakeholdeEngagement| 3.87% | StakeholdeEngagement| 2.98% | Information Technology
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5.4. Discussion and Conclusios

The \alidationof the proposed new generatimmovation framework through feedback
from the questionnairedrawnfrom the seven global countries was crucial for the research
methodology. The responses could be used to confirm its usefulness to industry professionals.
By creating a questionnaire costang of pairwise comparisons and feeding the reaction to the
AHP software, strong judgements could be made about how the various criteria fared in the
contributor's needs. The divergaigitalisationPush and Demandull components were
carefully chosenfter conducting a thorough literature review and studying developing trends
in the economy. Thus, if the priorities of these criteria were closely placed around each other,
it would imply that the proposed form is fit for its purpose. However, if, on ther dand,
some components had relatively low priority compared to the rest, then it would imply that
participants did not share the view of the former being included in the framework. In this case,

these could even be removed from the framework.

Firstly, DigitalisationrPush and DemarBull were crucial as primary criteria for
accomplishing the goal of the future innovation framework. There was substantial evidence
from the seven countries participating in the research that Digitaligatish andDemand

Pull play equally significant roles in successful innovatidantification and delivery.

The DigitalisationPush criteria show that technological advancements such as Industry
4.0 are the topmost required in the seven countries. Artifiiglligence and Decision Support
systems, Information Technology, and Simulation Modeling were the most influential in
assisting innovation. The rest of the sufteria, such as Knowledge Management, Open
Networking, and System Integratiomere less ctical compared tmther sukcriteria within
Digitalisation Push. Technological developments such as additive manufacturing within

Industry 4.0 are undoubtedly emerging technology and digital methods.

On the other hand, in the DemaRdll criteria, serdemand Innovation fared the highest
among participants in terms of how important this was to trigger innovation. It was expected
WKDW LOQWHUQDWLRQDO R Wd Dr@\atidd weed? g &/t il BlryQed@did YHUV E
and gain market share. @walue of customer feedback and experience was also demonstrated
by how strongly the seven global countries felt altbetuser of innovation as innovation

triggers.
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aware of how to make the best use of the products and services they use.

Thus, among the Demaspaill component, limited performers were SeEoonomic
Trends and Competitive advantageStakeholder Engagements, and Business medel
Conversely, Usedemand Innovation, Sustainable Development Goals, and Science,

Technology and Innovation strategies were prefeioedlobal needs.
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Chapter 6

Innovation Processes Modelithin the Proposed Framework

6.1. Introduction

This chapter introduces the necessary processes through which the sustainable system
of innovation concept investigates the interdependencies and dynamics of the multiple factors
that enable sustainable economic development and competitiveness. Sustanalaigons
are a crucial component of businesses' innovation capabilities, as sustainable economic growth
depends upon a steady investment in technological and organisational variations to manage the

production process more efficien{igennings, 2000Fernandes et al., 20).

The concept of an innovation systemframeworkappears relevant to executing the
innovation processenodelrequiredto illustrate the innovain processsin various industries
in different countriesOne of theprimary goas of an inrovationframeworkis that itcontributes
to the development and diffusion of innovations, which need to function and very often

stimulatesustainable initiative@-reemanet al, 2007)

On the other handhe defintion of innovation systems is extended through the explicit
inclusion of natural elements:sastainable system of innovation is constituted by human and
natural elements and relationships which interact in the production, diffusion and use of new,
andeanomically useful, knowledgéJohnson, 1999 ustainability then provides a vision of
a desirable state of what the future should preaedtsustaira set of rules that imply what
ought to happen for this state torealized(Rennet al, 2009) The followingpart discusses
the implications of a new sustainalplecessnodelfor innovative ideas from a management

perspective for the theory and the practice of Derfaumitiand DigitalisatiorPush.

6.2. The proposed innovation piocesses within the proposed innovation

management framework

Innovation can be linked to products, processes, services, operations, and people
(Hermanset al, 2019) Moreover,companies demand innovation to adapt their organisational
structure and integrate strategies to achieve an alignment toward sustaideilitgndez
Vivanco, et al, 2018) Previous studies revealed various types of innovatioocesses

organisationaframeworks and marketingystemsthose types improve customer satisfaction
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and have effects intrinsically attributed to new and mapd sustainable product innovation
(Rebelo.et al, 2016)

The innovatiorprocesses modé of prime importanget can be applietb testtheideas
of experts to obtain the appropriateness of the innovation framework for manufacturing, firms,
and organisations. Furthermore new@erable attention to the sustainability loop is paid to
successfully implement theroposeinnovation frameworkand reduce barriers impeding the
implementation ideas process. Sevenalcessesire illustratedn Figure 6.1for any firm to
reduce uncertaty by providing information through the dynamic loop for an organisation to
meet market demand "competitive market" in the digital €& processebased on the
DXWKRUYTV XQGHUVW D Q& hrigf] explahidtiorD inV VdeG 6, Zahd\ teir
interreltionships with the proposed framework are presentétjure6.1.

Table 6-1 Definitions of the proposed innovation processes impeded in the innovation framework

Definition

Idea Proposal Propose andcreen a new idea that will be created based on future ne¢
glances, and the view from two perspectives, either "derpatd'or

"digitalisationrpush.”

Research& Development This stage still screens the new idea. The system considers the allota
resources to R&D activities, the results of the innovation system (where
is one of its determinants) for efficient productivity, where innova
performance is also included as the core of its determinants. The po
impact of the results of d&R&D project can be more significant in large firrr

Evaluate innovation This stage is considered necessary in the innovation dynamics s)
capabilities Evaluating innovation capabilitiesare the most crucial factor i
organisations. It also is an es8ahsource for firms in the industry fc
modernisation and competitiveness; moreover, it responds to cus
satisfaction and changes in service innovation (customer servicesalfsi
service, and delivery service), additional significantly positivgact on
marketing innovation, also incremental improvements by approac

existing capabilities.

Global Benchmark/ Subsequently, the stage investigating the global industry benchmark n
digital vision to transform from aew market requirement to a competiti
Stakeholder involvement )
of key favourable advantages for executing recent manufact

advancements and innovations.
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In this respect, the current study proposes a positive relationship be
stakeholders, and customer orientation, byndir innovation capability
translates through a commitment to lelegm relationships.

This stageaddressethe previous stage, using the decision evaluation sc

Innovative Initiatives

Next stage, several initiatives involve any organisation that colitiely
seeks innovative solutions. More innovative initiatives work to enhanc

organisation's worknternal screen from the organisation

- Measurement
- Performance

- Internal Assessment

- Measurement: significant direct and indirect effect on the resul
the innovative project

- Performance: mproves innovative performance and prod
development

- Internal Assessment: genersdegpositive impact on the performan
of different organisational processes, such as increased indiv
involvement, better problersolving, creative solutions, an
effective implementation of decisions

After three processes, theories to investigatenaatkke the prioritisation scal

for the idea

Idea Acceptance

In this stage, the decisiemakerscales play the primary role in accepting !

idea

Roll-out/ Development/

Commercialisation

The final system stage is in the implementation scale for sucoessriomic

and industrial development in developing countries

The proposedhnovationprocessesover an interaction network of sustainability feature

loops. Furthermore, displaying and interacting with the innovation framework, a dynamic

analysis is necessary to monitor the interactions betweémheation process, considering

the sequence dl the relevant processes. An appropriate method is described as the 'process

approach' or 'sequence analysis.

The innovation processembrace&components of several integration functians|uding

the interaction between "Demaymlill" and "Digitalisationpush”. Converselythey generate

ideas from both ways to accelerate organisations' processes, products, and services. As a result

of thisinnovation processes mogdé&tedback from the selection idea leads to innovations and

increasing diversityn improvements and developments in organisations and industries.
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Integratingthe innovation processes moddth the proposedhnovationframework can
be helpful invariousways,such asReusability: Innovation frameworkgrovide a set
of common components and patterns that can be reused across multiple projects. By
integratingthe innovation process@sodelwith the proposed innovatioframework,
developers can take advantage of thesépilé components and patterns, ialin can

save time and effort when building new features or functionality.

x Consistency:Innovation fameworkswith the innovation processes modah helpto
ensure consistency in the design and creation of new and validated idadbiehbing
to the convations and best practices set out by the framework
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Figure6-1. The proposed inmation framevork and the impedingnnovation processesodel



6.3. Conclusion

In conclusion theproposednnovation processesodel compriseseveral functions related to

the characteristics and interactions between the elenTérg.provide the circumstances for
business activities and innovative performandéswvadays, organisatignfocus on creating

value for the customer, who is becoming more aware and demanding regarding lead time

delivery services, product availability, and reliability.

This linkage between the sustainable system and framework sheds light on the eaisting st
of extant research on the topic and offers several directmadvance the field rathiwanto
provide an essential solutionThe researchehopes that the study inspirescholarsand
executive readers and that it paties way for more insightfubsearch on the multidisciplinary
interplay between innovation theory and implementation of innovation management in various

industries.
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Chapter 7
Conclusion, Contribution to knowledge, limitations and future
work

7.1. Introduction

In this chapter, the cwlusion is stated; besides the contributionsnowledge future

work andtheresearcHimitations.

7.2. Conclusion

It is anticipated thathie new proposed innovation management framewouid fill
the gap inknowledge inthe 215 century Moreover, it influences innovation outcomes in
different sectors of industriefrms, manufacturersand organizations either government,
private or academjdo enhance the effectiveness and efficiency of achieving marketplace
demand and digitgdushin the ereof thedigital economy.

Scholars broadlyiewedinnovation manageméas an essential advantagspavival
for economic growthThe £ven previous models for innovation are presented in the systematic
literature reviewchapter this study developed a combined theoretical model which aims to
help undestand appropriate orgaations and market demand and concurrently maintain the
latest innovative pull. In addition, th@oposednnovation framework is essential to sustain
and reform the current system structure from a vertical and deterrent systemrdssa

sectional, flexible and open one.

The competitive, transforming world has made it impractical to use Jeadg
solutions to the problems ahead; therefore, managers at different mewstsinvent new
procedures and actions to solve thémaddition, orgarsations requirea practicalvalue to
achieve a competitive advantage. Innovation is one of the essential factors in economic growth
and improving tk competitiveness of natioissthe primary source of prosperity production in
economics.The proposed new innovation framework was developed based on two main
criteria, the demangull and digitalisatiorpush. The first main criterion demard-Pull *,
contains seven sudriteria, and their main characteristic is the existence of interactive
relationships with each other; th@jay a crucial role in improving innovation performance.
Socity.5.0 is a leadingub-criterionthe Japanese government presents to enhance future human

needs.
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Innovation in enhanced manufacturing technology includes ptadaovation and
industry model innovation. Moreover, digitgationis the broad empowering technolofpyr
producs, servics and digital manufacturing innovatiotdowever, from that context, the
second main criterion for the innovatistamework Digitalisation-Push’, plays a significant
performance and critical role in the fuduof firms and industries. Industry 4.0 is the primary
digitalisation-push sukcriteria which draws a relatively comprehensive picture of the
innovation framewtk in addition to the othesix sub-criteria proposed in the framework

This study exposequalitative survey results from seven prestigious countties
38 Q L Kingdam, United Arab Emirates, United States, China, Japan, Geamd& D QD GD
Moreover, the analytic hierarchy processAHP methods have provided a practical
methodology for the propos&ghovation frameworko be analysed and validatéithe model
is generally used to evaluate importance criteria based on the concept of paired oomparis
addition, paifwise comparison aims to stimulate preferences by comparing criteria and/or
attributes by standard rating (or ranking) them in pairs; it has revealed interesting results. In
the DemanePull criteria, Useddemand Innovation fared theghiest among participants in
terms of how important this was to trigger innovation. It was expected that international
RUJDQLVDWLRQVY PDLQ GULYHUV EHKLQG d¢a@eQdVMMYWLRQ QI
market share. The value of customer feedbackeapérience was also demonstrated by how

strongly the seven global countries felt about the user of innovation as the innovation trigger.

On the other hand, Industry 49dhe topmost required in the seven countries. Atrtificial
Intelligence and Dasion Support systems, Information Technology, and Simulation
Modelling weremost influential in assisting innovation. The rest of the-itieria, such as
Knowledge Management, Open Networking, and System Integratiene less critical than
other sukcriteria within Digitalisation Push. Technological developments such as additive

manufacturing within Industry 4.0 are digital approaches.

7.3. Contributions to knowledge

The following points are consideredded on the analyses of data collected from the
participants who are identified tenake contributions to knowledgeand to exchange

servicesinnovation in their organisi@ns/industries
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7.4.

Developingthe innovation managementrameworkfor the digital era

Through this, innovatve solutions can be provided by focusirgn the digital
transformation anddopting the digital technologi@s the 215-century
Theintroduction of the innovationprocesses:

Theinnovation processes required to integrate both the Defdathdnd Digitalisation
push were introduced to help in the innovation management steps.

The usage of thé\nalytic Hierarchy Process (AHPin the innovation management
As can be seeHP provided a very practical research method which alldwethe
analysis of the data collected, the validation of the proposed innovation framework and
also for carrying out the sensitivity analysis prooeels which are crucial to
understanding the model behaviour and its limitatioBssides, measuring the
inconsistency ratio of the participants' contribution towhtdlding the proposed
innovation framework.

The involvement of the seven prestigious cotas.

The contribution of these seveountries (UK UAE, USA, Germany, Japan, China,
andCanada)recruiteda largesample sizef 360 participantérom different fieldsof

innovation which addedto the credibility of the proposed innovation framework.

Limitations and future work

Although the author of this thesis and the supervisory team are experts in the innovation
field, out of which the innovation processes were recommended, however, as for future
work, these need to be validated.

In addition, for future work, the tools required for each process ningst
identified to facilitate the innovation processes. Furthermore, a performance measures
model through which organisationsan evaluate theiinnovation performance and
hence allow benchmarking pra&ito achieve the required competitive advantages is

needed and scheduled for future work.
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Appendix xSurveys

Survey in English (Monkey Survey Online)

Link for the survey

https://www.surveymonkey.com/r/6thGémovatior
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Survey in Japanese

Research Questionnaire / %E'2"4 £1°

Author / --*...: Samah Alnuaimi
University/ + U : Sheffield Hallam University

Faculty/Department U45 U4S: Faculty of Science, Technology & Arts (Department of
Engineering) #. d U4S

Background/ Apj¢U~a»

Innovation is the process of transforming ideas into marketable products or services so
that they can produe value for customers and generate revenue for producers. It has
played a vital part in creatively disrupting industries and ushering in new trends,
markets, and approaches. Since the 1950s, this process has undergone generational

changes to make it relevat to the current economic environment.

Q€c|}@8 bSu_oit#0s K #0#@*...bSubp t#0s MG\@
[Ae]: 8TA«x8TA«bSub,K8"-1"x0 bSubp4$xn
"—1"hM4AS\KZI#O1€rKS GbER-«c #~b) i# C_684 M
evb MeSu aax®2twErKS
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First 1950s Mid 1960s 1950° e - Technological Push (technologydriven
generation business, industrial revolution)
1960°a d
6a JiENO x>&/jz_bA2; « #D
8 e>'
Second Mid1960s 1960°2 d - Market / Demand Pull (R&D driven by
generation market development)
Early 1970s 1970° & 68E
" 2aee DiEu° /tPAa»EVY>&w 64A _
| s%E'264$1>'
Third Early 1970s 1970°2 68E- Coupling Model  (Combination  of
generation technological push and market pull)
Mid1980s 1980°%¢ d s
"Uaae *HEUACOIY>&/iEnO©x\D
TEUCEYD) soe f O>
Fourth Mid1980s 1980°a& d - Integration Management (integration of
generation cross-functional teams, Parallel processes)
Early 1990s 1990 °© ze 68
4 2% )+ e'O#>& P+ “+°3TOb)+ e j
4ER-«
Fifth Early 1990s 1990 ° & 68 System Integration (extensivenetworking,
generation focus on fast product development)
Mid 2000s 2000°% d
5% ©«,0-8 ¢PTOU&&E(VA
SH°aTYace 3:,3y70 6a$ilb
@S
Sixth Mid  2000s 2000°& d Network Integration (interactive networks
generation Present Ot ~ in line with business strategy, value
perception in customer experience)
-aee
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HeaTj)+e>&) S$ _"WSP
00°¢ u°aij; 8 /9, >E-o0
115

The aim of our research is to propose aNew Generation Innovation Framework for

future Digital Economy ", which defines the process lifecycle from idea generation
through to commercialization, and the factors affeting it. This has been developed
keeping in mind the current socieeconomic environment, evolution of business

processes, technological advancements and market trends.

This questionnaire has been developed for circulation among professionals in industry
so that their feedback can be used to validate/amend the framework and confirm its

usefulness to organizations.

As an experienced director, manager, engineer, consultant or researcher, your valuable
input is requested in the form of this questionnaire whichwill form an essential part of
our research methodology. Your information and responses will be treated as

confidential, the latter will be used for statistical purpose in this research.
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[ArM
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Guidance on answering questionnaire
"AET°_GAMe%2 _60MeZ2-28«

Questions below have been produced in a format to allow a pairwise comparison to
ef=Stef—<..fZZ> o' TLtZ "f...=Tei "FZf—<"F <o’ "—fe. f - Ff..S ‘-
scale up b 8 at each end. Please tick/shade/circle in the relevant box as a measure of
>'—" ek ™ 7 St <—feie "EZf—<Tf <o’ —fe.td T 5'— tlei— SfTL fo

Sf ™t t“—fZ <o'*"—fe..t& "ZFfet —c...o «SftTF ...<"...Z% 1sia

b2Aec XU$x O1Y |E b%& P$x"50[06 1%& « _33Q[A-g ‘(8B
€rM MmZb2Aec >f_q# 8b«£TYTAWZ8rM 80% A x1b%&
P$x"50[ @b {D\KZ 684 MeTpj« 3™pj /] ©™i» /[ CtT°SKr
M 62S@-0btawzgrg? "— O@¥4K850[6talLe cec /| ©

™i» /[ CltE™MP{KZCTI8

The following example shows pairwise comparison of two criteria, Demand Pull and
Digitilization Push. If you think Demand Pull is 8 times more important than Digitilization
—eS4a «Sftt izi ‘e —St Z1"— Sfet ectta

b[c tDa» EY\!2+YIEu©xb 2 Xbo=bl”"4--33Q 1&g

KZ8rM DA»EY@2+YIEpOxDb 8,50[T\i: ec e b
©™i» 8 tR&QKrM

Demand Pull / TAO[ E Y Digitalization Push/ 2+ YiEpP© x

Demand Pullare triggers for organizations to innovate, either Digitalization Push are enabling factors that assist
organizations to innovate n the era of digital economic.

to stay relevant in industry or to further strengthen its LasVIEpOxc))E@122Y) ibie 8

market position.
yT-IMeO[Ite+ _KZ8rM

7AO[,AVFCc 0 @ #0[664 6 )TAKFES~
W [b..)TI}_1TKS~Mep [M

E8765432123456789
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Demand Pull / TAO[ E Y

Demand Pull are triggers for organizations to innovate, either
to stay relevant in industry or to further strengthen its

market position.

7A0[,AVFc (I @ #u[664 6 ) TAK)FES~
w [b..)TI}_1lIKS~Mepu [M

Digitalization Push/ 12+ YIEp© x

Digitalization Push are enabling factors that assist
organizations to innovate in the era of digital economic.
1axYiEuOxc ))E@t2+Y) ibiae_8

yT-IMeQ[ITe+ _KZ8rM

Section A

-ioU& A

There is only one question in this section. Please circle an appropriate number in the scale to indicate the relative impaode of two

factors shown in each question.

Gb-joU& ¢
AXItx[VF[CTIS8

1 Xb2AeK?6~rOf >2Ae_&gM

Demand Pull / 7AO[ E Y

Demand Pull are triggers for organizations to innovate, either
to stay relevant in industry or to further strengthen its
market position.
7A0[,AVFc 0 @ #u[604 6 ) TAK)FES~

w [b..)tI}_1TKS~Mep [M

2 X bO[Ib%& P$x "50[ 6 T&gMSuU_ «£TY A b4:)

Digitalization Push/ 12+ YIEp© x

Digitalization Push are enabling factors that assist
organizations to innovate in the era of digital economic.
12t YIEuOxc ))E@!2+Y) ibie_8

,f-|MeO[Ite+ KZ8rM
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SectionB/ -j©U& B

(Demand Pull TAO[E Y)

Please use the same way as above to compare the importance of the following-sub

criteria;

eWDb50[6133QMes_c VO°\ L%2[Q#YKZCTIS8

Socio-Economic Trends /

&k ) i-¥

Field of study that examines trends of social and economi
factors to better understand how the combination of both
creates a new pathway of products and servic€sidd et al.,

2005)(Tidd et al., 2005)(Tidd et al., 2005)(Tidd et al.,
2005)(Tidd et al., 2005)Tidd et al., 2005)(Tidd et al.,
2005)(Tidd, Bessant and Pavitt, 2005)Tidd, Bessant and
Pavitt, 2005)(Tidd, Bessant and Pavitt, 2005)(Tidd, Bessan
and Pavitt, 2005)Tidd, Bessant and Pavitt, 05)(Tidd,

Bessant and Pavitt, 2005)Tidd, Bessant and Pavitt,
2005)(Tidd, Bessant and Pavitt, 2005)(Tidd, Bessant anc
Pavitt, 2005)(Tidd, Bessant and Pavitt, 200)lidd, Bessant
and Pavitt, 2005)(Tidd, Bessant and Pavitt, 200%Yidd,

Bessant and Pavitt, R05)(Tidd, Bessant and Pauvitt,
2005)(Tidd, Bessant and Pavitt, 2005)(Tidd, Bessant anc
Pavitt, 2005)(Tidd, Bessant and Pavitt, 2005)(Tidd, Bessan
and Pavitt, 2005)Tidd, et al., 2005),
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Socio-Economic Trends / &k ) i-¥

Field of study that examines trends of social and economis
factors to better understand how the combination of both
creates a new pathway of products and servicedidd et al.,

2005)(Tidd et al., 2005)(Tidd et al., 2005)(Tidd et al.,
2005)(Tidd et al., 2005XTidd et al., 2005)(Tidd et al.,
2005)(Tidd, Bessant and Pavitt, 2005)Tidd, Bessant and
Pavitt, 2005)(Tidd, Bessant and Pavitt, 2005)(Tidd, Bessan
and Pavitt, 2005)Tidd, Bessant and Pavitt, 2005)(Tidd,
Bessant and Pavitt, 2005)Tidd, Bessant and Pavitt,
2005)(Tidd, Bessant and Pavitt, 2005)(Tidd, Bessant anc
Pavitt, 2005)(Tidd, Bessant and Pavitt, 2005)Tidd, Bessant
and Pavitt, 2005)(Tidd, Bessant and Pavitt, 2005)Tidd,

Bessant and Pavitt, 2005)(Tidd, Bessant and Paviti

§E_3 2:

Science, Technology & Innovation Strategy / &E U i «f;
i—-AETOUA&SS

et f—cte —"f_t%> <o [ ‘e'ferie e_"f_1
describes its approach to innovation, using development in
science and technology as the main catalysts.
—AET©U&S$ ¢ &E U «/i6a$i bz "0ey\K Z
~-AETOUAIb”ERT3TL AM«0O S$ ™
"@[M

Business Model/ A2; « Q1Y

— <o f “elfesie ’Zf- — efer T >
products/services to sell, the target market it has identified
and the expense it anticipates.
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2005)(Tidd, Bessant and Pavitt, 2005)(Tidd, Bessant anc
Pavitt, 2005)(Tidd, Bessant and Pavitt, 2005)(Tidd, Bessan
and Pavitt, 2005)Tidd, et al., 2005),
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Socio-Economic Trends / &k ) i -¥

Field of study that examines trends of social and economi
factors to better understand how the combination of both
creates a new pathway of products and servicedidd et al.,

2005)(Tidd et al., 2005)(Tidd et al., 2005)(Tidd et al.,
2005)(Tidd et al., 2005)Tidd et al., 2005)(Tidd et al.,
2005)(Tidd, Bessant and Pavitt, 2005)Tidd, Bessant and
Pavitt, 2005)(Tidd, Bessant and Pavitt, 2005)(idd, Bessant
and Pavitt, 2005)Tidd, Bessant and Pavitt, 2005)(Tidd,
Bessant and Pavitt, 2005)Tidd, Bessant and Pavitt,
2005)(Tidd, Bessant and Pavitt, 2005)(Tidd, Bessant anc
Pavitt, 2005)(Tidd, Bessant and Pavitt, 2009)lidd, Bessant
and Pavitt, 2005)(Tidd, Bessant and Pavitt, 2005)Tidd,

Bessant and Pavitt, 2005)(Tidd, Bessant and Paviti
2005)(Tidd, Bessant and Pavitt, 2005)(Tidd, Bessant anc
Pavitt, 2005)(Tidd, Bessant and Pavitt, 2005)(Tidd, Bessan
and Pavitt, 2005)Tidd, et al.2005)
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Socio-Economic Trends /

&k ) i-¥

Field of study that examines trends of social and economis
factors to better understand how the combination of both

creates a new pathway of products and servicedidd et al.,

2005)(Tidd et al., 2005)(Tidd et al., 2005)(Tidd et al.,
2005)(Tidd et al., 2005XTidd et al., 2005)(Tidd et al.,
2005)(Tidd, Bessant and Pavitt 2005)(Tidd, Bessant and
Pavitt, 2005)(Tidd, Bessant and Pavitt, 2005)(Tidd, Bessan
and Pavitt, 2005)Tidd, Bessant and Pavitt, 2005)(Tidd,
Bessant and Pavitt, 2005)Tidd, Bessant and Pavitt,
2005)(Tidd, Bessant and Pavitt, 2005)(Tidd, Bessant anc
Pavitt, 2005)(Tidd, Bessant and Pavitt, 2005)Tidd, Bessant

Sustainable Development Goals / &)F ++ ~6a$1% T
These are 17 goals set out by the United Nations to create
sustainable future for all, such as affordable and clear
energy, responsible production and consumption.

G€}c m8m~roA jUT&S¢Y 712 66¢
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Competitive Advantage /
'taf)o
Superior position in industry and market share gained
providing same value as its competitors but at a lower price,
or charging higher prices by providing greater value through
differentiation.
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and Pavitt, 2005)(Tidd, Bessant and Pavitt, 200%Yidd,
Bessant and Pavitt, 2005)(Tidd, Bessant and Paviti
2005)(Tidd, Bessant and Pavitt, 2005)(Tidd, Bessant anc
Pavitt, 2005)(Tidd, Bessant andPavitt, 2005)(Tidd, Bessant
and Pavitt, 2005)Tidd, et al, 2005)
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Socio-Economic Trends /

&k ) i-¥

Field of study that examines trends of social and economi
factors to better understand how the combination of both
creates a new pathway of products and servicedidd et al.,

2005)(Tidd et al., 2005)(Tidd et al., 2005)(Tidd et al.,
2005)(Tidd et al., 2005)Tidd et al., 2005)(Tidd et al.,
2005)(Tidd, Bessant and Pavitt, 2005)Tidd, Bessant and
Pavitt, 2005)(Tidd, Bessant and Pavitt, 2005)(Tidd, Bessan
and Pavitt, 2005)Tidd, Bessant and Pavitt, 2005)(Tidd,
Bessant and Pavitt, 2005)Tidd, Bessant and Pavitt,
2005)(Tidd, Bessant and Pavitt, 2005)(Tidd, Bessant anc
Pavitt, 2005)(Tidd, Bessant and Pavitt, 200)lidd, Bessant
and Pavitt, 2005)(Tidd, Bessant and Pavitt, 200%Yidd,

Bessant and Pavitt, 2005)(Tidd, Bessant and Pauvitt,
2005)(Tidd, Bessant and Pavitt, 2005)(Tidd, Bessant anc
Pavitt, 2005)(Tidd, Bessant and Pavitt, 2005)(Tidd, Bessan
and Pavitt, 2005)Tidd, et al,, 2005)
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Socio-Economic Trends /

&k ) i-¥

Field of study that examines trends of social and economis
factors to understand better how the combination of both
creates a new pathway of products and servicedidd et al.,
2005)(Tidd et al., 2005)(Tidd et al., 2005)(Tidd et al.,
2005)(Tidd et al., 2005XTidd et al., 2005)(Tidd et al.,
2005)(Tidd, Bessant and Pavitt, 2005)Tidd, Bessant and
Pavitt, 2005)(Tidd, Bessant and Pavitt2005)(Tidd, Bessant
and Pavitt, 2005)Tidd, Bessant and Pavitt, 2005)(Tidd,
Bessant and Pavitt, 2005)Tidd, Bessant and Pavitt,
2005)(Tidd, Bessant and Pavitt, 2005)(Tidd, Bessant anc
Pavitt, 2005)(Tidd, Bessant and Pavitt, 2005)Tidd, Bessant

Stakeholder Engagement/

« Ti1Y2i58407204°

Engagemen with stakeholders through conferences and
workshops to better understand consumer needs and

behaviour as well as listening to their ideas.
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User Demands - Innovation /

@i"Tbo[6 --AEi©UA

User-demand could be interna] which can be effectively
used to create a product/ services to exceed their
expectations or external asa secondary organization benefit
in creating a better work culture/ environment.
@1"1b7A0[c |~ 8U'el [#' Ct8BMe7s
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and Pavitt, 2005)(Tidd, Bessant and Pavitt, 2005)Tidd,
Bessant and Pavitt, 2005)(Tidd, Bessant and Paviti
2005)(Tidd, Bessant and Pavitt, 2005)(Tidd, Bessant anc
Pavitt, 2005)(Tidd, Bessant and Pavitt, 2005)(Tidd, Bessan
and Pavitt, 2005)Tidd, et al, 2005)
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Science, Technology & Innovation Strategy /
&EUi«ii-AETOU&SS
Innovation —"f—%%0> <o f ‘e’ fe>ie o—"f _$%>
describes its approach to innovation, using development in
science and technology as the main catalysts.
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Science, Technology & Innovation Strategy /
GEUivJji—-AETOU&SS

e T focte 7 f—f%> <o f ‘e fesie o= f—%
describes its approach to innovation, using development in
science and technology as the main catalysts.
—AETOUA&SS$ c &E U +/i6a3T bz 0ey\K Z
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Science, Technology & Innovation Strategy /
GEQivji—-AETOU&SS

e T focte 7 f—f%> <o f e fesie em"f—F
describes itsapproach to innovation, using development in
science and technology as the main catalysts.
—-AET©U&SS$ ¢ &E U +/i6a$i bz 0-y\KZ
-AETOU&Ib"ERT3TL AMe0 S$ ™
@M

Science, Technology & Innovation Strategy /
&EUie/ji—-AETOU&SS

Business Model/
A2 «O1Y
A Company plans to profit by identifying essential
products/services to sell,its target market, and the expense
it anticipates.
G€c 2 ZM+z0["0 /| 8TA« "l KS*inm
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Sustainable Development Goals /
a)F o+ "64%1% T
These are 17 goals set out by the United Nations to create
sustainable future for all, such as affordable and clear
energy, responsible production and consumption.
G€}c m8m~roA jUT&S¢Y 12660
#O#D\"2 TUtM  MZbCbSuba)F e+ Aot
8BM+Su_\ |WZ0, I€S 17b% t[M
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Competitive Advantage /

'taf)o

Superior position in industry and market share gainedby
providing the same value as its competitors but at dower
price, or charging higher prices by providing greater value
through differentiation.
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Stakeholder Engagement /
«,Tj1Y2i584a720 40"
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ee T focte —"f—f%> <o f ‘e ferie o= f—f
describes its approach to innovation, using development in
science and technology as the main catalysts.
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Science, Technology & Innovation Strategy /
&EUi«ii-AETOU&SS

oot T f—cte " f_F %> <o f ‘e’ fesie o_"f_1f!
describes its approach toinnovation, using development in

science and technology as the main catalysts.
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Business Model/
Aas«OtY
— <o f te’fesie "Zfe ' efef Vi
products/services to sell, the target market it has identified
and the expense it anticipates.
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Business Model/ A2¢ « Q1Y

— <o f Celfesie ‘Zf- — efet M Te— >
products/services to sell, the target market it has identified
and the expense it anticipates.
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Business Model/
Aa; Oy

Engagement with stakeholders through conferences anc
workshops to better understand consumer needs and
behaviour as well as listening to their ideas.
+AC“PA«XxAaTjOUUET30LZ « TjlY
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User Demands - Innovation /
gi"ibo[0 --AEioU&
User-demand could be internal which can be effectively usec
to create a product/ services to exceed their expectationsro
external as secondary organization benefit in creating &
better work culture / environment.
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Sustainable Development Goals /
a)F o+ "64%1% T
These are 17 goals set out by the United Nations to create
sustainable future for all, such as affordable and cleat
energy, responsible production and consumption.
G€}c m8m~roA jUT&S¢Y 12660
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Competitive Advantage / 't af)d
Superior position in industry and market share gained
providing same value as its competitors but at a lower price,
or charging higher prices by providing greater value through
differentiation.
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Stakeholder Engagement/
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— <o f te'fesie "Zfe —' efef "o
products/services to sell, the target market it has identified
and the expense it anticipates.
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Business Model/
Aas«OLY

— <o f fe'fesie 'Zfe —' efef Mt
products/services to sell, the target market it has identified
and the expense it anticipates.
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Sustainable Development Goals /

8)F «+ ~64$1% T

These are 17 goals set out by the United Nations to create
sustainable future for all, such as affordable and cleanergy,
responsible production and consumption.
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#O#HB\"2 TUtMMZbCbSuba)F e+ Aot
8BM+Su_\ |WZ0; I€S 17b% t[M

Sustainable Development Goals /
a)F o+ ~6a$i% T

These are 17 goals set out by the United Nations to create
sustainable future for all, such aaffordable and clean energy,
responsible production and consumption.

G€}c m8m~roA jUTA8¢Y 1266

#O#HB\2 TUtMMZbCbSuba)F e+ Aot

17b% t[M

9 8 7 6 5 4 3 2

8BMeSu_\4 _|WZ0; I€S

Engagement with stakeholders through conferences and
workshops to better understand consumer needs and
behaviour as well as listening to their ideas.
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User Demands - Innovation /
@i 1bo[O -—AEfoU4&

User-demand could be internal whichcan be effectively used
to create a product/ services to exceed their expectations ol
external as secondary organization benefit in creating &
better work culture / environment.
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Competitive Advantage /

'tof)o

Superior position in industry and market share gained
providing same value as its competitors but at a lower price,
or charging higher prices by providing greater value through

differentiation.
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jJKrM@ |~*80A[ rScj9it3aLZ|
~+A”r0ITfiMs G\_|~ |~9x80At13
OKrM

2 3 4 5 6 7 8 9

Stakeholder Engagement/
«,TjlY2158a72040°
Engagement with stakeholders through conferences anc
workshops to better understand consumer needs and
behaviour as well as listening to their ideas.
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Sustainable Development Goals /

a)F o+ "6a$1%

These are 17 goalset out by the United Nations to create a
sustainable future for all, such as affordable and clean energ
responsible production and consumption.
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Competitive Advantage / '$of)06

Superior position in industry and market share gained
providing same value as its competitors but at a lower price,
or charging higher prices by providing greater value through
differentiation.
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Competitive Advantage / 't o f)06

Superior position in industry and market share gained
providing same value as its competitors but at a lower price,
or charging higher prices by providing greater value through

differentiation.
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Stakeholder Engagement / «,1jiY2i54afa

(oF:- I

Engagement with stakeholders through conferences anc
workshops to better understand consumer needs and

behaviour as well as listening to their ideas.

User Demands - Innovation /

gi"ibo[0 --AEioU&

User-demand could be internal vhich can be effectively used
to create a product/ services to exceed their expectations ol
external as secondary organization benefit in creating &
better work culture / environment.
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Stakeholder Engagement /

«,TilY2i58407204°

Engagement with stakeholders through conferences anc

workshops to better understand consumer needs and

behaviour as well as listening to their ideas.
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User Demands - Innovation /

@i 1bo[0 - -AEfoUA

User-demand could be internal which can be effectively usec
to create a product/ services to exceed their expectations ol
external as secondary organization benefit in creatig a
better work culture / environment.
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User Demands - Innovation /

@i"1bo[6 --AEioUa

User-demand could be internal which can be effectively usec
to create a product/ services to exceed their expectations ol

external as secondary organization benefit in creating &

better work culture / environment.
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(Digitalization Push

Artificial Intelligence & Decision Support System/ C d%zx
+i-16 -]©«,0

Use intelligent technology (such as fuzzy logic) to gather ani
analyze information, identify and diagnose problems,
determine the course of best behavior, and emulate humat

consultants asrigorously as possible.
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Artificial Intelligence & Decision Support System /

+i-1T6 -]1©«,0

G d%:

Use intelligent technology (such as fuzzy logic) to gather ani
analyze information, identify and diagnose problems,
determine the course of best behavior, and emulate humai

consultants asrigorously as possible.
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Artificial Intelligence & Decision Support System /

+i-16 -]©«,0

C d%z=

Use intelligent technology (such as fuzzy logic) to gather ani
analyze information, identify and diagnose problems,
determine the course of best behavior, and emulate humat

consultants as rigorously as possible.

tay YIEHOx )

Knowledge Management /

“ubpabsa04ce

This is the process of capturing, retrieving, evaluating, anc
sharing your organization's information assets, such as
policies, procedures,databases, and experiences that were

not previously acquired by individual workers.
G€c ))Eb_ 21D (TU®7 m8p ti+xET«

eScT b8 *. . [v'IEAN?WS)9,"] )ty
OE30 v 000 *WMeER-«[M

Open Networking /
eTEAu°4TVAC

It forms a partnership or strategic alliance with an external
organization for new product development.

G€c ,0 6a31b Sub¥4S))E\bAT°o%TO

MErsScS$$x f tgBKzZ8rM

Systems Integration/
©«, )+ e

Sce <o feo "% feccef—< eapability fo- infegrate
components, skills and knowledge from external
organizations (suppliers, users, production partners,

Government) to produce products and services.
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Artificial Intelligence & Decision Support System /

+i-10 -]1©«,0

Use intelligent technology (such as fuzzy logic) to gather ani
analyze information, identify and diagnose problems,

determine the course of best behavior, and emulate humai

consultants as rigorously as possible.
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Avrtificial Intelligence & Decision Support  System/ G d%z

+i-T6 -1©«,0

Use intelligent technology (such as fuzzy logic) to gather ani
analyze information, identify and diagnose problems,

determine the course of best behavior, and emulate humai

consultants as rigorotsly as possible.
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Artificial Intelligence & Decision Support System /

+i-16 -]©«,0

Use intelligent technology (such as fuzzy logic) to gather ani
analyze information, identify and diagnose problems,

determine the course of best behavior, and emulate humai

consultants as rigorously agossible.
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Simulation Modelling /

©NxpioUa01U4¢

It is a virtual model which combines both mathematical ad
logical concepts that tries to emulate a real life system
through use of computer software.
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Information Technology (IT)/
ofj

This is the use of computers and a networking system tc
store, retrieve and exchange information.
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Industry 4.0
' 40

Industry 4.0 is the cyberphysical transformation of
manufacturing. It consists of Internet of Things, Autonomous
Robots, Cybersecurity, The Cloud, Simulation, Big Dai
Analytics, Additive Manufacturing, Augmented Reality,
Systems Integration. The name isnspired by Germany's

Industrie 4.0, a government initiative to promote connected
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Knowledge Management /

Yabpuab¢saldao
This is the process of capturing, retrieving, evaluating, and
sharing your organization's information assets, such as
policies, procedures, databases, and experiences that wel
not previously acquired by individual workers.
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Knowledge Management /
Yabpep¢e04ao

This is the process of capturing, retrieving, evaluating, anc
sharing your organization's information assets, such as
policies, procedures, databases, and experiences that wel
not previously acquired byindividual workers.
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Knowledge Management /
“ubpepsaO4ae

This is the process of capturing, retrieving, evaluating, and
sharing your organization's information assets, such as
policies, procedures, databases, and experiences that wel
not previously acquired by individual workers.
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manufacturing and a digital convergence between industry,
businesses and other processes.
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Open Networking /
eTE4¢p°atYac
It forms a partnership or strategic alliance with an external

organization for new product development.
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Systems Integration/

©«,0)+ce

Sce <o feo “"Uhofoecf—c ele o= f—F%o<...
components, skills and knowledge from external
organizations (suppliers, users, production partnes,

Government) to produce products and services.
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Simulation Modelling /
oNxpioUab104a¢
It is a virtual model which combines both mathematical and
logical concepts that tries to emulate a real life system
through use of computer software.
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Knowledge Management /
Yabpap¢204ae

This is the process of capturing, retrieving, evaluating, anc
sharing your organization's information assets, such as
policies, procedures, databases, and experiences that wer
not previously acquired by individual workers.
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Knowledge Management /
Yabpap¢a04ao

This is the process of capturing, retrieving, evaluating, and
sharing your organization's information assets, such as
policies, procedures, databases, and experiences that wel
not previously acquired by individual workers.
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Open Networking /

®TE&¢u°4aivYac

It forms a partnership or strategic alliance with an external
organization for new product development.
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Open Networking /
®eTE&su°aivYae

Information Technology (1T)/
.ll

This is the use of computers and a networking system tc
store, retrieve and exchange information.

G€c ¥aAExTx\¢plali ©«,0OTQ#YK
Z _ tA@G v >|g°nKrM
2 3 4 5 6 7 8 9

Industry 4.0

' 40
Industry 4.0 is the cyberphysical transformation of
manufacturing. It consists of Internet of Things, Autonomous
Robots, Cybersecurity, The Cloud, Simulation, Big Dai
Analytics, Additive Manufacturing, Augmented Reality,
Systems Integration. The name is inspired by Germany"
Industrie 4.0, a government initiative to promote connected
manufacturing and a digital convergence between industry,
businesses and other processes.
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Systems Integration/

©«,0)+ce
Sce <o feo “"Uofec@[f—c'eie o—"f_ihBbgrate
components, skills and knowledge from external

organizations (suppliers, users, production partners,
Government) to produce products and services.
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Simulation Modelling /
oNxpTOU&0O104¢
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