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ABSTRACT

In days of more interconnectivity of supply chains, competition is considered happening more
between different supply chains than only between different single organisations. To be com-
petitive and to remain competitive, organisations and supply chains need to change, need to

develop new products and processes; in short, they need to innovate.

Innovation, just like competition, already takes place along supply chains. This way single or-
ganisations can leverage their own resources. Consequently, the question arises what makes a
supply chain innovative or more precisely how to measure innovation capability of a supply
chain. Whereas innovation capability of single organisations has gained considerable atten-
tion in academia, little investigation has been carried out into innovation capability of supply
chains. There are few spill overs from innovation capability research of single organisations
into supply chains and spill overs from supply chain management namely supply chain inte-

gration literature focussing on innovation capability.

What is missing is a framework that allows to measure the innovation capability in terms of
its maturity for the whole end-to-end supply chain. As a result, the manufacturing supply
chain innovation capability maturity assessment framework (MaSCICMAF) is created using a
systems approach to supply chains with an understanding of supply chains based on the SCOR
model and its supply chain planning level. MaSCICMAF, based on academic literature, is a
framework that is built on the idea that innovation capability of a supply chain consists out of
individual innovation capability of single organisations and their interactions. Hence, MaS-

CICMAF offers are company scoring model and a supply chain scoring model.

For validation of MaSCICMAF, the Covid-19 pandemic offered an unexpected opportunity as
surviving through Covid-19 and rebuilding afterwards was a dominant topic. In this context,
innovation capability of supply chains is extremely relevant. For maximum practical impact of
the research, more investigation into which Scottish manufacturing sector needed the most
innovation capability building support was carried out. This resulted in the aerospace sector,
precisely one Scottish aerospace supply chain, being the subject of application of MaSCICMAF
and its field validation. This supply chain’s innovation capability was analysed in a total of six

workshops with two companies of the four TIER supply chain and a supply chain delegation



group. In a next step, improvement strategies are developed for each company and the supply
chain setup. These are based on the future scenario approach to strategizing. For further prac-
tical relevance of the research, these strategies are turned into direct policy making advice.
Four main areas for changes in policies are identified. These are open innovation support,
building more supply chain resilience, changing funding practices, and advice on skills short-

ages and education.

It must be clarified that there are certain limitations to the present research. MaSCICMAF
must be used more in different industries to enable comparison between supply chains as
MaSCICMAF only allows relative assessments at present. Derived policy advice should be con-
firmed further as it is only built on two of four companies of one supply chain. Nevertheless,
MaSCICMAF evidently and verifiably offers to analyse innovation capability of supply chains
and effectively create improvement strategies. Hence, MaSCICMAF contributes to academia in
a way that it clearly defines which factors contribute to innovation capability of supply chains
and more over defines maturity levels which can be used as basis for strategy making to im-

prove innovation capability across a supply chain.
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CHAPTER 1

INTRODUCTION

his thesis was written in unusual times during the Covid-19 pandemic. Therefore, this is
an unusual thesis. The original idea of this thesis was developed before the Covid-19
pandemic and will be the main academic contribution focussing on the measurement of
innovation capability of manufacturing supply chains within the UK. The Covid-19 pandemic,
however, unexpectedly provided a practical application which could be used as field test and
validation. In this part of the thesis the main focus lays on how innovation capability can be im-
proved in a Scottish aerospace supply chain. This will be the validation of the academic research
contribution and subsequently main practical contribution. But let us start the journey from the

beginning...

1.1 The background story of this thesis

The research to this thesis started in late 2019. At this point in time the 2008 crisis and its still
lasting impact on productivity were still omnipresent topics in the UK. The UK faced a produc-
tivity gap compared to leading industrial nations like the United States, Germany, or Japan.
Whereas these countries also were impacted by the 2008 crisis, the situation in the UK was

particularly worrying (OECD, 2015).
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In the end, rising productivity directly leads to rising living standards - a stagnation leads to a
decrease in living standards (Jones, 2016). Following Goodridge et al. (2018) and Krugman
(1997)’s explanation about factors influencing total factor productivity, there are several
ways of increasing productivity. One way consists in raising the overall worked hours. That
little productivity growth that was achieved lately can mainly be explained by immigrants
coming to the UK raising the overall number of worked hours. However, Brexit and hostile
immigration policies are likely to slow down that development (Jafari and Britz, 2020). The
other factor is innovation performance. However, even before Covid-19 the UK was described
repeatedly as innovation follower rather than innovation leader compared to other countries.
Also, public spending in innovation were considerably lower than in for example Germany,
the United States and China (Arundel et al., 2015). The global innovation index (Hollanders et
al,, 2016) suggests that there is little innovation output in the UK although there is a high in-
novation input. Thus, the UK as an economy is not able to capitalize broadly on its innovation
investments (Ates, 2016). Having a high input but a low output suggests that firstly, there is a
motivation for innovation, but also secondly, that there is just a low innovation capability.
This is referred to as the UK innovation gap (Dekkers et al., 2019). Dekkers et al. (2019) fur-
ther state that especially in Scotland companies hold shortsighted views an innovation. Even
though the Scottish society regards entrepreneurship as something positive, the country is
not regarded entrepreneurial as there are few aspiring entrepreneurs and risk taking is scarce

(Mwaura et al., 2021).

In this context the manufacturing industry is of special interest. Manufacturing is important
because the sector and the associated supply chains are vital for the UK economy and society
(Ates, 2016). Especially high value manufacturing is important as the UK competes more on
quality than on price. High value manufacturing is also important to combat megatrends of
the future like for example sustainability, aging populations, energy costs etc (MacBryde et al.,
2013, Huaccho Huatuco et al,, 2019, MacBryde et al,, 2009). A long period of offshoring and
outsourcing of manufacturing capacities has led to a significant loss of manufacturing capaci-
ties and related capabilities in the UK. Along with it, a hollowing out of entire supply chains
has occurred. The UK economy has realised this negative trend and has shifted to bringing
manufacturing capacities and capabilities back to the UK. The strengthening of the supply
chain has several positive outcomes for economic development. The manufacturing industry
as a driver of the UK economy is much more robust against global political uncertainty, if it

has a complete national manufacturing supply chain (Ates, 2016). The FAI (2019) states that
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manufacturing and its supply chains account for about 18% of the Scottish GDP and account

for about half of all Scottish exports. In the whole of the UK, it is about 8% (HoC, 2022).

Political thriving before the Covid-19 pandemic was directed at supporting and attracting fast
developing industries like electronics, bio engineering or green energy. However, these indus-
tries rely on supply chains offering high value manufacturing. Nowadays, organizations in
general are increasingly competing on the basis of supply chains rather than firm perfor-
mance (Ates, 2016). Within this context, best value supply chains are emerging as a means to
create competitive advantage and superior performance (Ketchen and Hult, 2007). However,
this development has left the UK manufacturing value chain hollowed out resulting in a UK

manufacturing industry which cannot compete internationally (Bailey and De Propris, 2014).

In summary, UK high value manufacturing had fallen behind international competition while
the availability and capabilities of whole supply chains instead of single companies increasing-
ly matter (Farahani et al., 2014). This also means that innovation is seen as an outcome of col-
laborative efforts rather than the outcome of a single entity (Bouncken, 2011), therefore de-
mands a joint effort of stakeholders to work together. Narasimhan and Narayanan (2013)
highlight the fundamental role a supply chain has in leveraging the resources individual firms
hold. Thus, establishing a collaborative supply chain structure is a necessary condition in sup-
port of innovation, which in turn benefits all the stakeholders in the entire supply chain. In
this context, existing supply chains need to be innovative to raise the competitiveness of a
whole supply chain within the UK. Being innovative requires innovation capability of the sup-
ply chain. But what is innovation capability of a supply chain - this question lays at the heart

of this research and will be evaluated within the first part of this thesis.

And then, in early 2020 the Covid-19 pandemic hit Europe and the rest of the world. For this
research it meant a sudden very practical importance and an opportunity to validate the re-
search into innovation capability of supply chains. The focus shifted from the whole of the UK
to Scotland alone. This decision was made as the manufacturing sector in Scotland differs
from manufacturing in England. Further, the devolution of the UK derived nations gave the
Scottish Government significant power over measures against the Covid-19 pandemic in Scot-
land without UK government interference. Additionally, based on the location of the research-

er at the University of Strathclyde and the national manufacturing institute of Scotland (NMIS)
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and its roots in Scottish manufacturing and their significant ties with the Scottish Govern-
ment, the decision was made, that the most implications for supporting the sector could be

made if the focus was moved to Scotland alone.

The consequence of Covid-19 arriving, was a national lockdown in Scotland and in many other
countries around the world bringing whole economies to the edge of collapsing. The Scottish
Government reported a 10% recession in 2020 (ScotGov, 2021a). Even though through the
first lockdown in early and mid-2020 and through successive lockdowns later in 2020 and
2021, many manufacturers in Scotland were able to continue production as they were regard-
ed essential businesses, many more manufacturers which were not considered essential busi-
nesses were shut during the first lockdown. Consequently, the Scottish Government reported
that nearly half of all manufacturing firms have reported a decrease in turnover as a result of
Covid-19 and that manufacturing output contracted by 23.1% over the first 12 months of the
pandemic (ScotGov, 2021b).

Given the background of low innovation performance even before the Covid-19 pandemic, it
was feared that either during the pandemic or in the aftermaths companies could file for
bankruptcy which are essential for supply chains to operate. If the number of such bankrupt-
cies was too high, other companies might not have been able to fill the arising gaps anymore
and lasting damage could be done. Such damage could have resulted in high numbers of job
losses and in lasting impacts on competitiveness of Scottish manufacturing. To stabilise the
situation the Scottish Government and the UK Government created policies to stabilise the
economic situation. Schemes like furlough helped moderating the impact of the pandemic on
bankruptcies. The result was a more positive development than originally expected even
though in August 2022 the GDP had still not reached before pandemic levels in Scotland
(ScotGov, 2022a). For the manufacturing sector the Scottish Government created a manufac-
turing recovery plan (ScotGov, 2021b), outlining four key areas of intervention. Area one is
collaboration and networks, area two is supply chains and competitiveness, area three is ad-

aptation and transformation, and area four is skills and workforce.

Here, the present research comes into play. In a situation where bankruptcy waves are still
not unlikely, this research aims at addressing areas of the manufacturing recovery plan one
and two, creating an understanding of how innovative manufacturing supply chains are in
Scotland. It precisely aims at analysing supply chains which have been impacted the most by

the Covid-19 implications respectively those which potentially benefit the most.
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Of special interest are three manufacturing sectors in the context of this thesis. The first sec-
tor is the aerospace sector. The sector exports about 95% of its produce and therefore con-
tributes significantly to the Scottish foreign trade balance (ADS, 2019). The aerospace sector
was one of the hardest hit sectors by the Covid-19 pandemic worldwide with international
travel being halted almost completely. With planes not flying manufacturer’s business models
are also impacted as the sector is built on leasing business models for a large part where flight
hours get charged. The sector had already been in turmoil before the Covid-19 pandemic with
large OEMs in complicated economic situations. Early during the first lockdown large OEMs
like Rolls Royce or GE announced large redundancies and in the case of Rolls Royce even site

closures in Scotland (McGeoch and Spowage, 2020).

Of special interest is also the food and drink sector. The food and drink sector is by far the
biggest manufacturing subsector in Scotland. This sector, just like the aerospace sector, was
impacted by Covid-19 immediately when the first lockdown was put in place closing down all
restaurants, pubs, and public events. The whole of the UK food and drink industry operates at
a medium level of automation which is actively thought to be raised by UK policy (Affairs,
2020). However, the part of the sector that supplies hospitality has relatively quickly bounced
back after the first lockdown when Covid-19 rules were introduced allowing restaurants and
pubs to open with restrictions. This is an industry that already struggles to attract talent. The
Covid-19 distancing rules are difficult for many to put into place while maintaining a similar
operational level. The sector also is significantly impacted by Brexit as about 25% of workers
come from EU countries and the sector highly depends on free trade with the EU (ONS,
2021b).

The third sector of special interest is the chemicals and pharmaceuticals industry. The sector
is very diverse including the manufacture of commodity and bulk chemicals, speciality chemi-
cals, polymers and consumer chemicals. The sector has complex supply chain flows with mul-
tiple border crossings of intermediate products in the supply chain. Further, the industry in
the UK is believed to be innovative (HoC, 2017). The industry has been hit hard as a supplier
for other hard-hit industries like automotive or aviation. On the other hand, due to the nature
of the Covid-19 pandemic, this sector has seen a significant raise in business as there were
shortages of crucial pharmaceutical supplies which has caused companies to relocate produc-
tion of these products back to the UK like PPE production (PwC, 2020). Development and

production of vaccines and a raised demand for medical devises also supported the overall
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positive development of the sector. However, the sector faces a large Brexit impact as the EU
is the largest importer of UK chemicals. Further, production of non-critical products will be
more expensive due to tariffs on multiple border crossings of supply throughout the supply

chains (FTIConsulting, 2020).

The manufacturing industry subsector for which innovation capability measurement of its
supply chains shows the most practical relevance, will be analysed and a strategy will be de-
veloped to improve the current state of innovation capability. The aim is to contribute to the
stabilisation of the current economic situation and the preparation to seize opportunities in

the future.

The next sections lay out which exact research question have been derived and what the gen-
eral approach of this thesis is. The chapter concludes with a description of its structure as

guidance throughout the whole thesis.

1.2 Aims and research questions of the study

The aims and research questions reflect the two parts of this research. The first part focusses
on academic research that was started before the Covid-19 pandemic. The second part focus-
ses on the validation of said research through practical application within the Covid-19 pan-
demic context. The second part also aims at building practical relevance of the research be-

yond academia as the research output is meant to be practically applied.

The academic aim of this research focusses entirely on innovation capability of supply chains
analysing, what exactly it is and how its maturity can be measured. Hence, research question

RQ-A1 is:

RQ-A1) How can innovation capability maturity of manufacturing supply chains be

determined?

The result to this research question will be a maturity model representing different innova-

tion capability maturity stages for manufacturing supply chains. Why exactly there is a need
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for in depth research to answer this research question, will be deducted in the literature re-

view chapter 2.

The second part of the thesis focusses the validation of the developed framework. However, to
build practical relevance in times of Covid-19 a structured approach is taken for maximum
practical impact. In a first step, the impact of Covid-19 on manufacturing supply chains in
Scotland needs to be analysed to build a basis for where the application of the framework has
the highest impact. Even though there are many studies on how companies reacted to the
Covid-19 implications, these mainly focus on finance in detail or economic aspects in general.
What remains under researched is the impact of Covid-19 on the innovation behaviour in the
manufacturing sector in Scotland. Especially in times of disruption, innovation and the capa-
bility to innovate is considered key to survival of companies (Damanpour, 1991) in the short
term and key to future recovery and success by taking advantage of changed conditions in the
long-term. As there was significant fear that supply chains could collapse if single companies
go bankrupt, it has to be investigated how manufacturing sectors which struggle the most
with innovation and innovation capability can be supported. Supporting whole supply chains
and their companies in becoming more innovative raises supply chain resilience. Thus, this
way the Covid-19 impact on manufacturing supply chains could be moderated just like on sin-

gle companies.

In line with supporting the Scottish Government, their manufacturing recovery plan (ScotGov,
2021b), and the planned future Scottish innovation strategy (TechnologyScotland, 2022), the
research has to focus on for which manufacturing sector it makes the biggest impact to be rel-
evant. Therefore, in a first step, the effect Covid-19 has on innovation and innovation capabil-
ity on different manufacturing sectors in Scotland should be investigated further in more de-
tail as there are no in depth studies available. Of special interest are the food and drink, aero-
space, and chemicals and pharmaceuticals sectors as explained in the background to this re-

search chapter. Hence research question RQ-P1 is:

RQ-P1) How did the Covid-19 pandemic change the view on innovation in Scottish
advanced manufacturing supply chains and which sectors especially need in-

novation capability support?
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Once different sectors have been investigated, the hardest-hit sector is further investigated
throughout this thesis and one supply chain is taken as an example. In the present case, this is
the aerospace sector. In order to generate suggestions of how innovation capability can be
improved in this supply chain, there is a number of investigation steps that need to be execut-

ed.

As a foundation the current state of innovation capability maturity in this supply chain has to
be analysed. This is where the before developed innovation capability maturity model comes

into play as a tool. Hence research question RQ-P2 is:

RQ-P2) Whatis the status quo of innovation capability in the aerospace supply chain?

The main academic reason for applying the framework to the supply chain is to validate it in

the field as assessment tool.

Once the status quo is established, improvement strategies for innovation capability in this
supply chain has to be developed. These strategies will function as base for later advise for

policy making. Hence, research question RQ-P3 is:

RQ-P3) How can innovation capability be improved in this aerospace supply chain?

The main academic reason for strategy development is to use the framework as strategy guid-
ance and validate it beyond only being an assessment tool for the status quo of innovation
capability but also for serving as guidance for future development of directed innovation ca-

pability building.

On the basis of the answer to RQ-P3, suggestions can be derived for policy making to support
aerospace supply chains in Scotland. This is where the primarily practical relevance of this
research is created. The developed suggestions for policy making are based on the determined
status quo and thus, the improvement strategies can be precise and targeted. Hence, the main

practical research question of this research is:
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RQ-P4) How can policy makers support innovation capability improvement in this

aerospace supply chain?

In summary, answering research question RQ-A1l aims at developing an academic under-
standing of what innovation capability and its maturity is in the context of supply chains and
how it can be measured. Research question RQ-P1 aims at understanding the Covid-19 impact
on innovation better and decide in which sector innovation capability improvement makes
the biggest practical difference. Research questions RQ-P2 and RQ-P3 aim at establishing a
status quo of innovation capability of a chosen supply chain in the aerospace sector as hardest
hit manufacturing sector in Scotland and developing improvement strategies. But RQ-P2 and
RQ-P3 mainly serve as field validation for the developed framework. Finally, as the main prac-
tical research question, RQ-P4 itself aims at deriving suggestions for policy making to support

the analysed supply chain to realise the developed improvement strategies.

1.3 Approach of this thesis - The systems perspective to supply chains and
the SCOR model

Following the aims and the research questions presented in the last section, the approach to
innovation capability of supply chains is discussed in this section. The approach for this re-
search is to view supply chains through the lens of a systems approach. Systems approaches
are used regularly when analysing supply chains as Holland (1995) and Behdani (2012) state.
Holland (1995), for example, characterises a supply chain as a system consisting of different
interacting organisations. Behdani (2012) follows this view, and analyses different paradigms
within the systems theory that define a supply chain more detailed. For this research, Behdani
(2012)’s approach to supply chains is followed and supply chains are considered socio-
technical systems. Socio-technical systems are systems that contain complex physical aspects
and interdependent human actors as De Bruijn et al. (2009) say. The behaviour of a socio-
technical system can solely be sufficiently analysed and improved if both social and technical
aspects and interdependencies are considered (Ottens et al., 2006). Behdani (2012) argues
that a supply chain is the composition of technical interconnected subsystems like manufac-
turing facilities and warehouses throughout the whole supply chain. The interaction between

supplier and customer along the supply chain is characterised by human decision making.
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Decision making refers to which supplier to choose, which manufacturing strategy to adopt,
which innovation activities to follow, etc. Interactions can depend on each other. They might
be of formal nature for contractual purposes, or they might be of informal nature in terms of

trust building.

At the same time, Behdani (2012) points out that while considering supply chains as socio-
technical systems, it is also necessary to respect their complex and adaptive nature. There is a
high level of complexity because of numerosity (Simon, 1962) and heterogeneity (Miller et al.,
2008) of companies operating in a supply chain. The adaptive nature refers to the evolution or
emergence of a system. Companies change their behaviour as a reaction to their behaviour in
the past and changes in environment (Kauffman and Macready, 1995, Surana et al., 2005). It is
also important to recognise that the supply chain as a system is not only adaptive but also dy-
namic (Holland, 1995). Different supply chains can show different levels of dynamics. Conse-
quently, the supply chain is considered a complex, adaptive, dynamic socio-technical system
for this study and, thus should be managed as a system for better outcomes as Baxter and

Sommerville (2011), Carter et al. (2015), Choi et al. (2001), and Frankel et al. (2008) suggest.

Following a systems approach explicitly enables the researcher to look at innovation capabil-
ity of a supply chain as the whole system but as well it enables the look at only parts of a sup-
ply chain down to only researching a particular node or company (Behdani, 2012). The sys-
tems approach ensures that the research is valid on all system levels. Hence, the research

conducted can be used in many different contexts moving on.

A systems approach always relies on modelling the system. There are many approaches to
supply chain modelling. Demand driven or lean supply chain modelling for example aim are
widely spread in academia and practice. Lean supply chain modelling aims at the elimination
of waste along a supply chain, demand driven supply chain modelling aims at optimising
meeting changing demands at all times. Lean supply chain modelling has widely been criti-
cised for its focus on efficiency, effectively put a supply chain’s resilience at risk (Pagell and
Wu, 2009). Furthermore, in lean philosophy, innovation activities would be regarded as
waste. Hence, this approach is not suitable for the current research. Demand driven modelling

focusses on forecasting.

More holistic approaches to supply chain modelling are the supply chain operations reference

(SCOR) model and the value reference model (VRM). Both aim at modelling operations along
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the supply chain from a generic point of view, standardising these operations across indus-
tries. Both use a systems approach to supply chains. VRM, based on the idea of value chains
raised by Porter (1990), only focusses on operations contributing to value. Besides potentially
missing opportunities for innovation in operations that are not directly related to value crea-
tion, VRM has been criticised for being not granular enough to model activities on an opera-
tional level (Yusuf et al., 2004). It has also been criticised for ignoring important operations
that do not directly add value but might be important starting points for innovation (Yusuf et

al, 2004).

SCOR on the other hand, offers a granular description of standardised operations covering all
operations including value generating activities, forecasting, and it also allows lean thinking.
The SCOR model is the standard model for describing supply chain operations since the early
2000s. The SCOR model is a framework that addresses supply chain management practices
and business process reengineering (Wang et al, 2010, Lockamy and McCormack, 2004,
Ntabe et al., 2015). Besides providing a reference for measuring performance and efficiency
along the supply chain and setting a frame for improvement of the business process architec-
ture (Li et al, 2011), it provides a methodology for supply chain management and supply
chain strategy development (Wang et al., 2010, Lockamy and McCormack, 2004, Turhan et al.,
2011, Li et al., 2011). The model has been widely adopted in many companies in a wide field
of industries, e.g. electronics, chemicals, automotive, aerospace, and food and drink (Zhou et

al,, 2011, Delipinar and Kocaoglu, 2016).

The SCOR model is divided into fife processes on different levels. The systems nature of SCOR
allows a look into the intra supply chain within a company and even into only certain process-
es on this level, as well as the inter supply chain as connection of different companies on a
higher level Hence, SCOR in its nature is aligned with the systems considerations made for
this research.

The SCOR processes are plan, source, make, deliver, and return (Ntabe et al.,, 2015). The plan
process is an overarching process and is concerned with designing and planning a supply
chain. Traditionally, demand forecasting and assigning what do produce where and what to
source from where are conducted within this process. This process also includes the collabo-
ration and communication with suppliers and customers and the planning of change. As
Krishnan et al. (2021) state, this is the level where the development of innovations along a

supply chain happens primarily. Hence, they suggest that research into innovation in supply
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chains should focus on the planning process. The second process level including the process-
es, source, make, deliver, and return are more concerned with the day-to-day operations of
the supply chain to fulfil demand and customer satisfaction. On this level, Krishnan et al.
(2021) state, that mainly continuous improvement activities happen as opposed to innova-

tion.
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Figure 1-1: SCOR supply chain model with the planning level for internal and external activities

(Huan et al.,, 2004)

Besides providing the needed frame for the present study, the SCOR model has been chosen
because it has been used for similar research into change and innovation within supply
chains. For example, Abderrazak and Youssef (2022) analyse risks and risk management in
supply chains related to innovations using the SCOR model. Krishnan et al. (2021) use the

SCOR model to base an analysis of collaborative innovation efforts in the food supply chain on.
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They focus on the planning level. Ehie and Ferreira (2019) develop a digitalisation and change
framework for supply chains based on the SCOR. In summary, this research will adopt a sys-
tems approach based on the SCOR model to innovation capability of supply chains focussing

on the planning level of SCOR.

After clarifying the research questions in the section before and after clarifying the general
systems approach to supply chains based on the SCOR model in this section, the next section

outlines how the thesis is structured.

1.4 Structure of the thesis

This thesis follows a structured approach to present the research at its heart. The presenta-
tion of the research is divided into 9 chapters. These are structured into academic research
which started before the Covid-19 pandemic and the validation of said research during the
pandemic which also led to practical applications and impact of the research. These two parts
are reflected in the research questions at the heart of this thesis. The thesis’ structure is visu-
alised in Figure 1-2. It starts with an introduction in chapter 0 to the research and sets out the
research questions. Chapter 3 lays out the methodological approach on which this thesis is
based. The chapter discusses different methods to generate answers to all research questions

and highlights how the different chosen methods tie into each other.

Chapters 2 and 4 present the academic part of the research. Chapter 2 starts with a literature
review which aims at developing an understanding of existing concepts of innovation capabil-
ity in supply chains. It ends in the recognition of a need to develop an innovation capability
maturity model for supply chains. This maturity model is developed in chapter 4 answering

research question RQ-A1.

Chapters 5 to 8 represent the validation of the framework and the practical application for
relevance building of the research beyond academia. In chapter 5, findings about how differ-
ent sectors changed their innovation behaviour in response to Covid-19 are presented and
research question RQ-P1 is formally answered, presenting the aerospace sector in Scotland as
the sector that is in most need of innovation capability building support. In chapter 6, the be-
fore developed innovation capability maturity model is applied to an aerospace supply chain
in Scotland and its current maturity is determined. This is the formal field validation of the

framework and forms the answer to research question RQ-P2.
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Figure 1-2: Thesis structure

In order to generate strategies for improvement, an in between step is taken in chapter 7. In
this chapter general scenarios are developed about how manufacturing in Scotland could de-
velop until the year 2036. These scenarios form the basis for innovation capability improve-
ment strategies developed in chapter 8. This chapter does not only derive improvement strat-
egies as answer to research question RQ-P3, it also provides derived suggestions for policy
making to support these strategies and hence answers the main research question RQ-P4 of

this research. In this capacity, this chapter also aims at confirming the framework not only as

a diagnostic tool but also as guidance for strategy making.

Chapter 9 summarises all findings and places them and their meaning in the wider academic

context in the form of a discussion. The thesis ends with a conclusion in chapter 10 in which
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all results are summarised and what implications they have on the academic community as
well as on the practitioner community. Limitations of the current research and avenues for

future research are highlighted as well.
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CHAPTER 2

LiTERATURE REVIEW

his chapter aims at generating an understanding of the state of research into innova-
tion capability of supply chains. However, before, groundwork has to be executed. In
detail, this chapter firstly aims at clarifying terminologies as they are not used coher-
ently in academia and research. This chapter starts with asking the question of what innova-
tion is and providing a definition which is used throughout this thesis. Then the question is
asked of why innovation matters, and innovation is placed in the context of dynamic capabili-
ties, competitiveness, and supply chain resilience. Laying this groundwork is necessary to
generate and communicate the academic understanding of the basics of innovation at the

heart of this research.

Afterwards it is looked at what enables and hinders innovation from happening as next step
towards understanding innovation capability. It is looked at single organisations and how in-
novations are produced internally. It is also looked at innovation in networks in general and

how network structures influence innovation.

Then, as the main aim of this chapter, the term innovation capability is introduced to lay the
academic state of research in this precise field. This will serve as basis for why there is a need

for a new innovation capability framework for supply chains. To analyse the state of research
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a systematic literature review approach is followed to ensure that the state of research is cov-

ered fully and accurately.

2.1 Whatis innovation?

Innovation has become a topic of interest not just in academia but in many aspects of society
and business. In a fast-changing world innovation is considered vital for businesses to survive.
Also, on an economy level innovation is being considered important as driver of overall eco-
nomic development. Baregheh et al. (2009) state that to sustain a competitive advantage in a
globalising world, economies and organisations have to innovate and promote innovation.
Therefore, governments in many countries have introduced support mechanisms for innova-
tion (Watkins et al., 2015). On business level, innovation has become an important part of
strategy development. However, the term innovation is used differently in different contexts
(Baregheh et al., 2009). The aim of this chapter is to clarify different definitions and important

aspects of innovation to finally provide a practical definition for use in this research.

2.1.1 Different understandings of innovation

The term “Innovation” was first used by Schumpeter (1950). He argues that a business should
innovate to increase the value of its assets. Even though the term innovation had not been
defined earlier, the concept of the importance of a renewal of businesses and technological

change were perceived as important (Schumpeter, 1934).

Innovation is closely connected to change. Businesses use innovation to either react to a
changing environment or to influence and cause change in its environment (Damanpour,
1991). Consequently, innovation can be a process and an outcome (Saunila, 2019). However,
there is not a single definition of innovation. It has been studied in different disciplines creat-
ing different perspectives from different angles (Damanpour and Schneider, 2006). An early
definition of innovation was developed by (Thompson, 1965)p.2) stating: “Innovation is the
generation, acceptance and implementation of new ideas, processes, products or services”.
(West and Anderson, 1996) p.2) more recent but still quite similar definition is: “Innovation
can be defined as the effective application of processes and products new to the organization
and designed to benefit it and its stakeholders”. In 2005 the OECD first introduced a general

definition for holistic application across Europe: “An innovation is the implementation of a
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new or significantly improved product (good or service), or process, a new marketing method,
or a new organisational method in business practices, workplace organization or external re-
lations” (Baregheh et al., 2009). Even though these definitions are quite similar, they refer to
different areas and different aspects of innovation. More recently an attempt has been made
to create an ISO norm for innovation management. This norm, I[SO 56000:2020 (3.1.1) defines
innovation in an abstract way as “new or changed entity, realizing or redistributing value”.
Whereas this definition intends to be holistic, no broad adaptation of the norm has taken

place yet. Hence, there is no unified and holistic definition of innovation that is used common-

ly.

2.1.2 Important aspects of innovation

For a better understanding of innovation, different aspects of it have to be clarified more in
detail. One aspect is the differentiation of areas of application for innovations. All three above
mentioned definitions refer to either a new “product” or “service” or “organisational change”.
However, they all have a different set of areas of application. The set of areas has evolved over
time becoming more holistic. Schumpeter (1934) himself developed the first differentiation of
application areas and proposed a framework of five different categories of innovation: new
goods or processes, new sources, the exploitation of new markets and new ways to organize
business. Building on Schumpeter’s proposal Keeley et al. (2013) suggest their widely recog-
nised and up to date most holistic approach of expanding the concept to ten different types of
innovation. At first, they break down the ten types of innovation into the categories “configu-

» o«

ration”, “offering” and “experience”. Configuration focusses on the internal side of the busi-
ness, on how the business makes money. Namely these are the profit model, network, struc-
ture, and processes. Offering refers specifically to the actual products a company provides.
Still internally focussed, this category deals with how a product is created and delivered. Ex-
perience is the external part of a business facing costumers directly. This is the way in which
companies try to improve customer experience by enhancing the performance capabilities,
perception of value and utility of a product. The different types of innovations in this category

are namely services, channels, brand and costumer engagement (Keeley et al., 2013). An over-

view over Keeley’s classification is provided in Table 2-1.

All definitions have in common that an innovation must be implemented. Without implemen-

tation it is simply an invention or an innovative idea. Just if stakeholders benefit from it in
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practice, it is considered an innovation (Baregheh et al., 2009). Christensen (1997) introduced
a way of categorising innovation according to effects the implementation of an innovation has
on growth of a business. He suggests three different kinds of innovations: market creating

innovations, sustaining innovations and efficiency innovations.

Table 2-1: Ten types of innovation (Keeley et al.,, 2013)

Category Type of innovation
Configuration Profit model
Network
Structure
Process
Offering Product performance

Product system

Experience Services
Channels
Brand

Costumer engagement

Market creating innovations are the type of innovations, which aim at developing new mar-
kets and thereby create growth and jobs. Sustaining innovations are those, which improve
margins. However, this this the level of innovation needed to sustain business performance at
a steady level in a changing environment. Efficiency type innovations aim at improving pro-
cesses within an organisation. They lead to a better business performance. However, they

tend to destroy jobs. An overview over Christensen’s kinds of innovation can be found in Ta-

ble 2-2.

Table 2-2: Christensen’s kinds of innovation (Christensen, 1997)

Kind of innovation Effect on business growth
Market creating innovations Leads to development of new markets and create growth and jobs
Sustaining innovations Leads to improvement of processes for stable business performance

and might create a small number of jobs

Efficiency innovations Leads to substantially better business performance but destroys

significant number of jobs
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The three definitions all refer to something “new” or “substantially improved”. This can be
referred to as different natures of innovation. For this kind of differentiation most studies
divide technological innovations into two categories. Their names have changed over time.
The first category refers to revolutionary, discontinuous, breakthrough, radical or disruptive
innovations. The second category describes evolutionary, continuous or incremental innova-
tions (Yu and Hang, 2010). For further consistent use, category one innovations will be re-
ferred to as being of disruptive nature and category two innovations will be addressed as be-

ing of incremental nature.

The term disruptive innovation was popularised by Christensen (1997). Disruptive innova-
tion is considered strategically important as it is a powerful tool for developing new markets.
The newly introduced technology has the potential to disrupt existing market structures
(Christensen, 1997, Christensen and Raynor, 2003, Adner, 2006). Christensen (1997) and
Christensen and Raynor (2003) characterise disruptive innovation as a process. Initially the
term disruptive innovation mainly focussed on solely disruptive technologies. Disruptive
technologies provide different values compared with already existing, in markets widely ac-
cepted technologies. Disruptive technologies in their early stages are inferior to established
technologies. Therefore, an early-stage disruptive technology can just be successful in a niche
market with customers willing to use a new technology with a new set of attributes and val-
ues. These markets accept the technology’s low level of maturity and its inferiority in perfor-
mance to established technologies. Further development of the technology can raise its per-
formance significantly. However, it might not draw even with established technologies. Never-
theless, the disruptive technology offers a different set of values. Once mainstream customers
start shifting to using the disruptive technology for the additional value, market disruption
takes place. Consequently, the established technology is replaced over time. In 2003, Chris-
tensen and Raynor expanded the concept to not only cover technologies but other types of
innovation as well and coined the term disruptive innovation. However, Yu and Hang (2010)
identified that a number of slightly different views on details of this process and its precondi-

tions have emerged which lack a clear common understanding.

In contrast to radical changes causing market disruption innovation can also be incremental -
a substantial improvement of performance of something already existing, rather than replac-
ing something existing with something entirely new (Ali, 1994). Christensen and Raynor

(2003) argue that incremental innovations are rather developed by established companies
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targeting directly mature markets whereas disruptive innovations serve niche markets in the

beginning. See also Table 2-3 for a brief comparison of disruptive and incremental innovation.

Table 2-3: Comparison of disruptive and incremental innovation (Christensen, 1997)

Nature of innovation Characterisation

Disruptive Development of a new solution targeting a niche market in the beginning,
but further development and additional value leads to replacing existing

solutions and access to mainstream markets

Incremental Continuous improvement of an existing solution usually serving main-

stream markets

2.1.3 Innovation - a practical definition

As shown earlier there are many different definitions for innovation out there in academic
literature. Innovation has been defined from different perspectives and definitions have
evolved over time, not leaving a single everywhere accepted definition. Thus, a practical clear

definition has to be developed for further use in this research.

Thompson (1965), West and Anderson (1996), and OECD (2015) definitions - as many more
- have three aspects of innovation in common. They all refer to a (1) type of innovation in
terms of the application area of an innovation, they all refer to (2) a kind of innovation mean-
ing the innovation implementation and its impact on business performance, and they all refer
to (3) the nature of an innovation in terms of being new or substantially improved. Condens-
ing the three definitions and adding Keeley et al. (2013) concept of types of innovation ad-
dressing (1), Christensen (1997) kinds of innovation tackling (2) and the differentiation be-

tween disruptive and incremental (3), innovation can be defined for practical use as:

“Innovation is the implementation of something new or substantially improved in an or-

ganisation that creates value for its stakeholders.”

2.2 Why does innovation matter?

After clarifying what innovation is, the question emerges ‘what is it good for?’ or ‘why does it

matter?’. Schumpeter (1934) says that businesses have to renew themselves or in other terms
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innovate in order to react to changes in the market to stay viable and competitive as a busi-
ness. However, innovation can also be proactive. Proactive innovation is a tool to develop a
competitive advantage in an industry in the first place. Nevertheless, markets change con-
stantly, and a competitive advantage might be lost quickly. Therefore, the aim must be to de-

velop an ability to constantly innovate.

In this section, the relationship between innovation and competitive advantage is explained,
outlining how companies create competitive advantage under the resource-based view in ac-
ademia. It also draws the connection between sustained competitive advantage and the idea
of dynamic capabilities like the capability to innovate. In the second part of this section, the
academic perspective of the importance of innovation for supply chain resilience in light of

the Covid-19 pandemic is clarified.

2.2.1 Innovation and competitive advantage - The resource-based view
Schumpeter (1934) says a company needs to constantly innovate to remain competitive, i.e.
develop and sustain a competitive advantage. There are a number of theories to consider

about how to generate and what constitutes a competitive advantage.

There is the stakeholder theory, that proclaims that developing and maintaining good rela-
tionships with stakeholders lead to competitive advantage. Freeman et al. (2010)’s original
theory focusses on the importance of ethical alignment between an organisation and its
stakeholders. The institutional theory refers to strategic decision making of organisations that
might not only be grounded in economic rationality but might be influenced by sociological
and societal norms and expectations. Fulfilling such expectations and adhering to norms pro-
actively leads to competitive advantage (Raynard et al,, 2015). The resource dependency the-
ory refers to how organisations behave in order to get access to crucial resources. The theory
explores mainly the power aspect of dependency of formally independent organisations once
they hold or not hold limited resources (Pfeffer and Salancik, 2003). These three theories all
focus on external factors of an organisation. Critics point out that especially a focus on the in-
stitutional theory might lead to missing out on changes in the market and failing to sustain

competitive advantage (Raynard et al., 2015).

However, for the present research an approach is required that also looks inwardly. This ap-

proach is the resource-based view (RBV). The resource-based view assumes that an organisa-
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tion uses its resources to create a competitive advantage. Resource can be tangible resources
and intangible resources like capabilities. Some capabilities can be classified as dynamic ca-
pabilities. These are capabilities which are used to develop new capabilities. An important
dynamic capability is the capability to innovate (Zott, 2003). RBV in fact is used as a basis for
many capability related studies beyond innovation. Examples are Helfat and Peteraf (2003)

for general capabilities and Kozlenkova et al. (2014) for marketing capabilities in particular.

The resource-based view is a framework that aims at explaining how a firm achieves a com-
petitive advantage. RBV emerged during the 1980s and 1990s and is based on the three main
academic contributions (Wernerfelt, 1984, Hamel and Prahalad, 1990, Barney, 1991). Where-
as other views on competitive advantage look at the competitive environment in an industry
(Porter, 1990), RBV focusses on the internal factors of a company. These factors are referred
to as resources. Wernerfelt (1984) claims that a company in fact is made up of resources
which are created by organisational activities over time and accumulate. If such a resource is
valuable, rare, inimitable or non-substitutable (VRIN) a sustainable competitive advantage

can be created Barney (1991). The framework is shown in Figure 2-1.

In detail resources of value exploit opportunities or neutralise threats, rare resources are dif-
ficult to acquire, inimitable recourses are difficult to copy, and non-substitutable recourses
cannot be replaced by any other recourse (Lockett et al., 2009). The competitive reward as a
result can vary (Montgomery and Collis, 1995). However, academic literature focusses pre-

dominantly on financial aspects (Grant, 1991, Barney, 1991, Hitt et al., 2016).

Value
> Rareness A
) Sustainable
Resources competitive
( ... \ advantage
> inimitable
» Non-substitutable

Figure 2-1: How to create competitive advantage under the resource based view (Barney, 1991)

Rashidirad et al. (2017) state that it is not simply the availability of resources that is im-

portant but moreover it is vital to have the capabilities to exploit the recourses. Consequently,
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it is the combination of resources and capabilities that can lead to a competitive advantage
(Nath et al., 2010). Special focus lays on those capabilities which allows a company to identify
and exploit the ‘right’ resources and on the ‘right’ combination of capabilities (Lockett et al.,

2009).

From this, the topic of dynamic capabilities has emerged (Eisenhardt and Martin, 2000, Hitt et
al., 2016). Resources and capabilities can lose their significance for competitive advantage
over time (Wojcik, 2015, Lin and Wu, 2014). The dynamic capabilities approach acknowledg-

es this timely development and suggests that companies

‘integrate, build and reconfigure internal and external competencies to address rapidly

changing environments’ (Teece et al., 1997).

Consequently, dynamic capabilities are capabilities which result in the creation of new capa-
bilities to exploit resources. Teece (2007) introduced three types of dynamic capabilities sens-

ing activities, seizing activities and transforming activities.

2.2.2 Innovation and supply chain resilience

A supply chain is a very heterogeneous system. Many different companies form part of such a
system. These companies vary in many aspects. For example, they have a different perspective
on risk (Hearnshaw and Wilson, 2013). Consequently, the risk one takes can lead to threats
affecting the entire supply chain. If a company goes bankrupt, it might lead to a disruption in a
supply chain. A supply chain disruption is the interruption of the flow of goods or service
along the supply chain. Thereby, customers further down the supply chain might not be able
to produce anymore, and suppliers might not be able to sell their products or services
(Craighead et al,, 2007). Risk management in supply chains aims at limiting the impact of such
a disruption. A common approach to mitigate the impact is the creation of resilience against
disruption (Melnyk et al.,, 2014). Melnyk et al. (2014) state that the higher the capability to
build resilient supply chains within a company, the more resilient the supply chain as a sys-

tem. Kamalahmadi and Parast (2016) define supply chain resilience as:

“the adaptive capability of a supply chain to reduce the probability of facing sudden dis-

turbances, resist the spread of disturbances by maintaining control over structures and
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functions, and recover and respond by immediate and effective reactive plans to transcend

the disturbance and restore the supply chain to a robust state of operations.”

Going more into detail, Melnyk et al. (2014) state that resilience has two critical elements:

(1) resistance capacity, the ability of a system to diminish the impact of a disruption by
avoiding it entirely or by decreasing the time between the onset of a disruption and the
start of recovery from that disruption.

(2) recovery capacity, the capability of a system to determine a path to return to a steady

state of functionality once a disruption has taken place.

Sabahi and Parast (2020) state that even though resilience is important to manage supply
chain disruption, there is little research in how a company, or an entire supply chain can de-
velop it. However, there is substantial evidence that innovation and the capability to innovate
have a significant impact on supply chain resilience (Reinmoeller and Van Baardwijk, 2005,
Golgeci and Ponomarov, 2013). Akgilin and Keskin (2014) found empirical evidence for the
influence of continuous product innovation on continuous supply chain resilience and eco-
nomic performance. Kamalahmadi and Parast (2016) state that innovation is in particular
important for resilience to disruption. Sabahi and Parast (2020) analysed how exactly a com-
pany builds resilience through innovation. Based on their research they argue that it is mainly
the influence of innovation capability that influences flexibility, agility, and the willingness to

share knowledge that in return influences supply chain resilience.

2.2.3 Conclusion

Innovation as a driver for building supply chain resilience and innovation as driver for com-
petitive advantage is a very important dynamic capability in times of high market disruption
caused by e.g., Covid-19. To stabilise supply chains in a short-term perspective building sup-
ply chain resilience can help mitigating the direct impact of the disruption. On a longer-term
perspective innovation capability can help renewing and reorienting businesses to seize new

opportunities and build a competitive advantage in the future.

50



2.3 Innovation within single organisations

After clarifying what innovation is and why it matters, this section looks at innovation in the
context of single organisations. It is looked at what enables or hinders innovation in single
organisations on different levels. It also examines and clarifies academic concepts of the inno-

vation process in an organisation.

2.3.1 Innovation barriers and enablers in single organisations

Innovation barriers can be divided into two categories, barriers within the control of an or-
ganisation and barriers out with the control of an organisation (Shi et al,, 2008, Thun and
Miiller, 2010). Internal barriers refer to organisational internal topics like resource allocation
and company culture whereas external barriers refer to the wider business environment an
organisation operates in like a supply chain or an industry (Hadjimanolis, 1999). This section

only refers to internal barriers, external barriers are explained in the section 2.4.

For internal barriers, Hueske and Guenther (2015) divides barriers into organisational barri-
ers, team barriers, and individual barriers. They find that on organisational level internal in-
consistencies cause most friction and hamper innovation. This refers to inconsistencies in
strategy and operations. Missing long-term business strategies or unclear strategies are inno-
vation barriers just like inconsistent operation strategies and performance measurement.
Company structures and bureaucracy are other barriers which are frequently mentioned. The
most common barrier to innovation is a lack of resources. This can mean a lack of financial
resources, time allocation, or lack of skills and expertise (Evangelista, 2010). Further, Hueske
and Guenther (2015) states that if there is a lack of willingness to adapt and execute change
on an organisational level, innovation is hampered. Hueske and Guenther (2015) state that
even though SMEs and large enterprises are fundamentally different the size in both cases
cause produces innovation barriers. On a team level, innovation barriers include team sizes
(Antony et al., 2008), the potential temporality of teams (Lederer and Sethi, 1992), and the
climate of collaboration. The team constellation and the skills of team members, their charac-
teristics, and team leadership in terms of innovation processes and style matter as well
(Hoonakker et al., 2010, Martini and Pellegrini, 2005). On individual level, professional skills
and leadership skills are as important as in a team setting. On an individual level, the attitude

towards innovation and change matters even more (Delgado-Ceballos et al., 2012).
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The before mentioned enablers and barriers are of general nature. However, every company
is a unique case. Nevertheless, companies of similar size in similar industries tend to have face
similar barriers (Galbraith et al., 2017). Company size always comes with advantages and dis-
advantages Hueske and Guenther (2015). Therefore, in the following a differentiation be-

tween SME and large enterprise barriers and enablers is undertaken.

In terms of knowledge management, manufacturing SMEs are unlikely to have formal
knowledge management systems or databases. Consequently, knowledge is not explicitly ex-
pressed and separated from the person holding it in the organisation. This means that the
knowledge in its full is just accessible for that person and if that person leaves the organisa-
tion the knowledge leaves the organisation as well. Quick informal communication and deci-
sion making makes it possible for most employees of an SME to participate in idea generation.
But a formal way of managing these ideas mostly does not exist and ideas of high potential
might be simply forgotten over time (Posch and Wiedenegger, 2014). Large companies nor-
mally use knowledge management systems and have the knowledge separated from the
knowledge holder enabling everyone to access the knowledge. However, communication and
decision making often takes a long time. Participating and sharing ideas to the people that

matter can be difficult as well (Pellegrino, 2018).

Collaboration is a topic where large companies usually hold an advantage over SMEs. SMEs
usually operate rather locally than internationally although exceptions confirm the rule. With-
in the local community these SMEs are usually well connected and have established direct
personal contact with their suppliers and their direct customers and use them as external
knowledge source. Further, they are usually active in industrial associations (Bird and
Wennberg, 2014, Llach and Nordqvist, 2010). SMEs still tend to have lower outside connec-
tions than larger firms. On especially a national and international level SMEs fall short. SMEs
of the long tail of the manufacturing value chain in the UK for example might be well embed-
ded in their direct business environment but they might not have any contact to OEMs or Tier
1 or 2 companies (Galbraith et al., 2017). A considerable number of SMEs also engages with
universities and public innovation support programmes as source of knowledge, external
skills and external funding opportunities. However, public support mechanisms seem to be
unclear to some SMEs which results in frustration and finally to a withdrawal from collabora-
tion. The reasons for this can be found in a lack of innovation knowledge not just on SME side

but also on public innovation support programme development side as Galbraith et al. (2017)
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show. Further, the non-existence of such support in some geographical, industry or business
areas can result in serious barriers to innovation (Galbraith et al., 2017, Ates, 2016, Davies
and Michie, 2011). However, a considerable number of SMEs does not engage with universi-
ties and does not use public innovation support. A possible reason is a lack of environmental

scanning to identify support mechanisms (Zhang et al., 2006).

The organisational culture is usually an enabler of innovation in SMEs whereas it is a barrier
for larger enterprises. The small number of employees of SMEs and usually just one firm loca-
tion enable informal quick communication and decision making (Posch and Wiedenegger,
2014). However, leadership is rather a barrier to innovation in SMEs. Ates (2016) argues that
a multitude of studies show that the organisational culture in many SMEs compared to larger
companies offers just a low tolerance for failure. Especially in established manufacturing
SMEs leadership does not support innovation and creativity (Galbraith et al., 2017). Low
budgets for innovation intensify this attitude. Further, low budgets lead to a lack of access to
necessary expensive technological recourses (Hewitt-Dundas, 2006, Kamasak, 2015). Conse-
quently, resource availability is one of the main practical barriers for innovation in smaller
firms (Harris et al., 2013). A general mindset of rather training employees in efficiency than
innovation is also a frequently found barrier to innovation in SMEs and larger corporations

alike (Galbraith et al., 2017).

Specially manufacturing SMEs face barriers related to the dimension of individual creativity,
skills and learning. There is little understanding of innovation theory throughout many manu-
facturing SMEs (BEIS, 2017). This comes along with a significant lack of technological exper-
tise for innovation activities. Especially the knowledge of how to acquire and internalise ex-
ternal knowledge is usually not established (Lin et al., 2012, Mitchell et al,, 2014). Further,
SMEs seem to be not as attractive for potential new employees as larger companies. Especially
in more peripheral regions in the UK, this results in an unavailability of skilled workforce to
fill in skill gaps (BEIS, 2017, Galbraith et al,, 2017). Consequently, SMEs have to concentrate
their activities on building innovation related knowledge and skills internally whereas larger

corporations have less challenges hiring the right skilled workforce (Saunila and Ukko, 2014).

One of the most important barriers to innovation in SMEs is a perceived low value of innova-
tion (Ates, 2016, Chesbrough, 2012). Failing to see its importance for overall business sus-
tainability, many SMEs spend very little on innovation (BEIS, 2017). However, little spending

on innovation does not enable leadership to provide the necessary resources to enable inno-
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vation. Even if innovation is perceived as important, many SMEs struggle to secure enough
funding for innovation projects. Especially when dependent on external private funding, larg-
er innovation projects are considered too risky for the overall business performance and con-
sequently never realized. However, as mentioned earlier, there are public innovation support
programmes which provide public funding and expertise to apply for such funding. Although,
many SMEs are either not aware of these options or they are organisationally not prepared

enough for innovation to apply successfully for public funding (Galbraith et al., 2017).

Afterall SMEs and large corporations face different innovation barriers and can build on dif-

ferent enablers. It is important to have this differentiation present.

2.3.2 The innovation process and the concept of absorptive capacity

After clarifying which barriers and enablers influence innovation, this section focusses on the
innovation journey, meaning the innovation process itself. There are many concepts and many
tools out there describing how an innovation can be developed. Significant contributions have
been made especially by e.g. Tidd and Bessant (2018). For this research, however, it makes
sense to look at the meta processes behind innovation processes to keep innovation capability
independent of the exact tools and methods that are used for innovation development.
Precisely the concept of absorptive capacity is of interest as the theoretical approach to how
organisations learn and commercialise knowledge. Originally based on organisational learn-
ing literature (Volberda et al., 2010), Cohen and Levinthal (1990) created the concept of ab-
sorptive capacity. Cohen and Levinthal (1990) define it as:

“Absorptive capacity constitutes in identify, and value, assimilate and exploit external in-

formation”.

Absorptive capacity has been analysed and enriched by many scholars and has become a
broadly accepted concept (Volberda et al., 2010). It has found broad application mainly in the
fields of strategic management (Lane and Lubatkin, 1998), technology management (Schilling,

1998) and innovation (Cohen and Levinthal, 1990).

A company constantly and continuously accumulates knowledge. The level to which it does,

determines the absorptive capacity (McAdam et al,, 2010). Zahra and George (2002) recon-
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ceptualized the original concept by Cohen and Levinthal (1990). They argue that a company
needs to develop capabilities to increase its absorptive capacity. They understand ACAP as a
dynamic capability to create other organisational capabilities like marketing or production
and, thus, create a competitive advantage. Zott (2003) characterises dynamic capabilities as
organisational processes enabling organisational change and evolution in response to
changed market conditions. Moreover, Lane et al. (2006) explicitly argue that absorptive ca-
pacity needs to evolve over time to remain capable of reacting to changes, and, thus, highlight-
ing the dynamic capability nature of absorptive capacity further. Zahra and George (2002)
propose a concept consisting of the four different stages knowledge acquisition, assimilation,
transformation and exploitation. These stages comprise all three types of dynamic capabilities
(sensing activities, seizing activities, and transforming activities) as described by Teece
(2007). Zahra and George (2002) divide their four stages into two subsets as shown in Figure
2-2.

Zahra and George (2002) describe knowledge acquisition as a company’s capability to identify
and acquire external knowledge. Acquisition capabilities are influenced by the intensity and
the speed of new knowledge identification. However, there are limits in speed since learning
cycles are difficult to shorten and knowledge sources can be difficult to access. Also, the direc-
tion of accumulating knowledge impacts the acquisition capability, meaning what knowledge
to look for and how to look for it. To successfully adopt external technology, different areas of

expertise is needed in an organisation.

Absorptive Capacity
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Figure 2-2: Absorptive capacity concept (Zahra and George, 2002)
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Assimilation is a company’s ability to analyse, interpret and understand information acquired
from external sources (Zahra and George, 2002). However, if a company may find information
beyond its search scope it might overlook it (Rosenkopf and Nerkar, 2001). External
knowledge may be based on heuristics unknown to the company or depends on the context in
which it was created or applied before. Thus, comprehension of outside knowledge can be
very challenging (Barton, 1995, Szulanski, 1996). However, comprehension itself supports the

capability of assimilation (Zahra and George, 2002).

Transformation refers to a company’s capability to combine new and existing knowledge. This
can mean to add knowledge, to delete knowledge or to interpret existing knowledge in a new
way. This capability shapes entrepreneurial action and enables a company to recognise entre-

preneurial opportunities (Zahra and George, 2002).

Zahra and George (2002) add the stage of exploitation to Cohen and Levinthal (1990) initial
ACAP framework. They define it as a capability to exploit knowledge rather than an ACAP out-
come as Cohen and Levinthal (1990) do. In detail, exploitation is the capability of how to in-
clude knowledge in daily operations and routines (Van den Bosch et al., 1999). Exploitation
routines lead to innovation whereas the type of innovation can vary depending on the exploi-
tation of knowledge Zahra and George (2002). Table 2-4 provides an overview over the dif-

ferent stages of ACAP and the components influencing them as capabilities.

As shown in Figure 2-2, Zahra and George (2002) describe knowledge sources and experience
as the antecedents for ACAP. Getting access to a variety of knowledge sources is essential to
acquire new knowledge. Possible ways of access are acquisition, purchasing through licencing,
R&D collaborations or open innovation, and freely accessible sources (Volberda et al.,, 2010,
Vermeulen and Barkema, 2001, Zahra and George, 2002). However, just being exposed to
knowledge does not lead to higher PACAP itself. Just if it is complementary to a company’s
prior knowledge it is likely that that company builds PACAP out of it Zahra and George (2002).
Further, past experiences influence how a company searches for knowledge sources. It is like-
ly that they keep looking in directions where they had success in the past (Christensen and

Raynor, 2003).
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Table 2-4: ACAP stages and their components concept (Zahra and George, 2002)

Stages / Capabilities Components
Acquisition Prior knowledge

Intensity

Speed

Direction
Assimilation Comprehension
Transformation Conversion
Exploitation Use

Implementation

There are outside factors influencing ACAP. e.g., triggers to start the ACAP process. Triggers
are events that cause a company to look for outside knowledge. These triggers can be internal
or external. Internal triggers can be e.g., organisational issues, like insufficiently good perfor-
mance or a simple change in entrepreneurial strategy. External triggers are events happening
outside the company but having a direct impact on its performance. These can be e.g., the de-
velopment of disruptive innovations or policy changes. Especially when a trigger keeps per-
sisting or when multiple triggers are activated at the same time, companies start searching for
outside information (Zahra and George, 2002). The intensity of the triggers influences the will
to invest in developing the necessary capabilities to acquire the external knowledge (Ring et
al,, 2005). The trigger itself has an impact on the kind of information and on where a company
looks for it (Tegarden et al., 1999). Social integration is another factor influencing ACAP. Fol-
lowing Zahra and George (2002) social integration is the link between PACAP and RACAP.
Companies using especially formal mechanisms to make employees aware of the PACAP
available in that company are more likely to exploit it more efficiently than others. Zahra and
George (2002) state that the outcome of ACAP is a competitive advantage. They further state
that companies which perform well in RACAP are more likely to build a competitive ad-
vantage and companies performing well in PACAP and maintain a high efficiency factor nacar
are likely to sustain that competitive advantage. Competitive advantage is usually understood
as the capitalisation on innovation. Regimes of appropriability are another outside factor in-
fluencing, this time, the outcome of ACAP. Regimes of appropriability are defined as the level
to which a company can protect its exploitation of knowledge. Just if a company can prevent
or at least delay the duplication of its innovation, it can profit from it (Hurmelinna-Laukkanen

et al., 2008). High appropriability regimes mean that in innovation can be copied more easily

57



and there are competitors who will try to copy it. In this case innovations are usually protect-
ed by e.g., patens. Low appropriability regimes in contrast are characterised by innovations
with cannot be copied that easily. As defence mechanisms rather secrecy as isolation mecha-
nism is chosen over expensive patenting which might not pay off in the end
(Hurmelinna-Laukkanen et al., 2008). Zahra and George (2002) argue that there is just a posi-
tive relation between RACAP and a sustained competitive advantage either if there is a high
appropriability regime or if a company takes action to protect its knowledge by isolation un-

der a low appropriability regime.

2.3.3 Conclusion

In conclusion it can be said that innovation and what affects innovation in single organisations
is a complex matter. Many studies have analysed what hinders and what enables innovation.
Every company is different and has its own advantages and disadvantages for generating in-
novations. However, there are many common enablers and barriers of innovation. Depending

on the size of a company barriers can become enablers and the vice versa.

2.4 Innovation beyond single organisations

After clarifying different perspectives on innovation and barriers and enablers of innovation
in single organisations, this section focusses on innovation beyond single organisations or
innovation in networks or systems. This becomes necessary as every single company operates
in a wider industry and economy context which influences the business (Porter, 1990). How
innovative a company is depends on how such an innovation network is organised and how a
single company interacts with the wider network (Porter, 1990). For this purpose, academic
concepts are presented about innovation in general networks. In light of the objectives of this
research, innovation is then considered through the lens of a supply chain and the supply

chain is characterised as a special innovation system.

2.4.1 Academic approaches to innovation in networks

In academia there are many different concepts which have evolved over time describing how
innovation works beyond single organisations. The business cluster or innovation cluster
concept raised by Porter (1990), the triple helix model by Leydesdorff and Etzkowitz (1998),

and the concept of innovation (eco-) systems all look at innovation through a systems per-
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spective on multiple organisations. The innovation cluster concept focusses on local proximity
of collaborating companies. This is extended to other forms of proximity by the innovation
(eco) system. The triple helix model focusses on collaboration of governments, universities
and industries. The section is closed with the concept of open innovation for holisticness.
Open innovation is a concept of developing innovation in collaboration with other organisa-
tions. In contrast to the before mentioned concepts, open innovation is not a holistic systems
approach to an industry or system. It is a company internal view on how to use external col-
laboration. However, it is important to realise that the terms innovation or business cluster,
innovation system or ecosystem, and open innovation are used interchangeably in everyday
language (Granstrand and Holgersson, 2020). In the following, the meaning of each term is

clarified.

2.4.1.1 The business cluster or innovation cluster idea

Porter (1990) raises the idea of local business clusters to foster innovation. Local proximity of
companies working in the same sector, local proximity of suppliers and customers, support
collaboration and the development of innovation. Porter (1990) also states that local proximi-
ty to universities increases their collaboration as well. Knowledge transfer is essential to
translate research into new business cases within organisations. Easier access to sKkills, cus-
tomers, suppliers, information, and complementary products and services leads to an ad-
vantage of creating innovation. The geographical aspect can be understood in a local, regional
level like the Silicon Valley in the United States, but it can also be understood as a national

ecosystem in a global context, like the German automotive industry.

For cluster development public institutions and policy making are immensely important. Pub-
lic institutions provide the resources and incentives to create such clusters. This can mean
providing funding for a sector or funding of special research projects or tax incentives in re-

turn to creating jobs in a certain region.

2.4.1.2 The innovation (eco) system approach

The idea of innovation systems emerged from the business cluster or innovation cluster idea
as stated in Porter (1990). This approach is the formal application of systems thinking to in-
novation ‘systems’. Different innovation systems as interesting to academic research have

evolved. These are regional and national innovation systems referring directly to Porter
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(1990) innovation clusters, sectorial including supply chain innovation systems, and corpo-

rate innovation systems (Granstrand and Holgersson, 2020).

The term innovation system was extended to the term innovation ecosystem to highlight the
transformation of matter and energy through the process as it is done in ecosystems (Oh et al.,
2016, Granstrand and Holgersson, 2020). The term innovation ecosystem has become a com-
mon term in public and policy making. Papaioannou et al. (2007) and Oh et al. (2016) criticise
the use of the term ‘eco’- system as it suggests a faulty analogy with bio inspired ecological
systems. They argue that biological ecosystems are natural systems which naturally evolve,
innovation systems, however, are artificial systems which are human made. Papaioannou et
al. (2007) points out that the main differences are that innovation systems are developed for a
purpose, and that they need governance to function. Biological ecosystems do not have either.
Nevertheless, innovation systems evolve over time. For this reason, in this research the term

innovation system is used instead of innovation ecosystem.

Granstrand and Holgersson (2020) argue that even though substantial research has been car-
ried out analysing how system actors collaborate, the existence and the acknowledgement of

the existence of competitors within the system is important.

2.4.1.3 The triple helix model of innovation

The triple helix model of innovation is a macro economic model describing how the interac-
tion of industry, universities, and the government enable innovation. This model was first de-
scribed by Leydesdorff and Etzkowitz (1998). The basic message behind the model is that in-
novation and innovation performance of single organisations are influenced by education and
research practices at universities and by government policy design. This is based on the basic
roles these three model elements hold. Industry produces goods, universities do research and

education, and the government regulates the market. This triple helix is shown in Figure 2-3.

Over time the different elements can either move closer together or further apart. To foster
innovation Leydesdorff and Etzkowitz (1998) argue that moving closer together and collabo-
rating opens up space for the creation of hybrid organisations which can increase the collabo-
ration even more. Thus, it is made sure that all elements know the needs and requirements of

each other and can actively create conditions to foster innovation.
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Figure 2-3: Triple helix model of innovation (Leydesdorff and Etzkowitz, 1998)

Interactions between universities and industry are primarily characterised by providing basic
research and education. Education aims at developing the next generation of workers for the
industry. Basic research provides the basis for future products and services. However,
Leydesdorff and Etzkowitz (1998) argue that to foster innovation the exchange of knowledge
beyond these basic activities should take place. Universities should be made aware of the re-
quirements of industry as new research gaps open up and potential workforce is required to
learn new skills and knowledge to be useful for the industry. They argue that the transfer of
people themselves between universities and industry has a major impact on knowledge ex-

change.

Interactions between the government and universities are characterised by policy making for
the higher education and research sector. If universities are mainly publicly funded the gov-
ernment can actively shape funding programmes and can actively decide what gets support. If
funding is predominantly available through private organisations the government’s lever is
limited. Either way, Leydesdorff and Etzkowitz (1998) argue that funding and policy making

must be relevant to progresses in academia and in industry alike.

Interactions between government and industry are mainly shaped by market regulation poli-
cy making. The spectrum goes from very little involvement of the government including little
funding of potential innovation, to high involvement. Leydesdorff and Etzkowitz (1998) argue
that high regulation is a hinderance while providing funding for innovation and start-up com-

pany development is helpful.

How much overlap of the three elements there is depends on a government and on the differ-

ent industries within an economy. However, Leydesdorff and Etzkowitz (1998) that all three
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elements should aim at developing a system that creates said overlap (see Figure 2-3). If all
three elements collaborate a shared space can be generated where new organisations can
evolve. Such organisations then can foster the collaboration even more. Examples for such

organisations can be public industry support organisations or private science parks.

2.4.1.4 The concept of open innovation

For holisticness the concept of open innovation is mentioned here. Open innovation is effec-
tively the single company perspective on innovation in networks, whereas the before men-
tioned concepts are holistic approaches from a systems perspective. Originally innovation was
seen as a company internal topic. Over time the attitude towards this has changed and has
fundamentally changed innovation management. Innovation is now considered an internal
and external topic. This opening up of innovation processes to external shareholders, sources
of information, etc is called open innovation (West and Bogers, 2014). Chesbrough (2003)

defines open innovation as:

“a paradigm that assumes that firms can and should use external ideas as well as internal
ideas, and internal and external paths to market as the firms look to advance their tech-

nology.”

Following this definition companies should share information with partners. This opens up
new pathways for innovation. First of all, just if a significant number of companies shares data
and insights with the wider industry, politics, and universities the idea of a shared space un-
der the triple helix model is possible to arise. Further, access to outside data can stimulate
internal ideation. Sharing own issues with an innovation idea can lead to outsiders sharing
expertise to solve such a problem. Hence, open innovation activities can be inbound and out-
bound. Both approaches, support innovation to a point where new business models around
open innovation and data sharing become viable but new issues come along with the open-
ness of a company (Hossain et al.,, 2016). The main concern is around intellectual property.
How intellectual property can be protected depends on how and with whom data is shared. If
data is shared in open innovation competitions with the public, protection is difficult whereas
the reached audience is the biggest. If data is solely shared with another single organisation,
intellectual property protection is a matter of contracts. The reach of potential experts is lim-

ited, however. Governing data sharing in innovation systems can be complex if many organi-
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sations are involved. To gain the trust of companies to share needed information, fair treat-

ment and intellection property regulations are key (West and Bogers, 2014).

Open innovation has been a buzzword word for over a decade. Especially during the 2010s
the concept of open innovation has gained much popularity with some academics and practi-
tioners hailing it as the future of innovation. However, Birkinshaw et al. (2011) label this as
one of five myths of innovation. They state that open innovation will be a part of the future of
innovation and therefor it is important, but there will be many other aspects relevant for suc-
cessful innovation. The takeaway message of Birkinshaw et al. (2011) is that innovation has to
be approached in a holistic way from many perspectives, otherwise not all opportunities can

be identified leading to business decisions with potentially negative impacts.

2.4.2 Supply chain as innovation ecosystem

After looking into the nature of different innovation systems in general, the focus of this sec-
tion lays on supply chains as special innovation systems. The supply chain perspective
prompts a number of assumptions which are not necessarily true for general innovation sys-
tems. First of all, a supply chain is a system of different actors or companies which are con-
tractually bound to each other (Jacobides et al., 2018). Second of all, all actors along a supply
chain generally work on a common goal for mutual success whereas general innovation sys-

tems can show high levels of competition (Oh etal., 2016).

Chopra and Meindl (2007) define a supply chain as:

“consisting of all parties (manufacturers, suppliers, transporters, warehouses, retailers,
and customers) and, within each organization, all the functions involved, directly or indi-

rectly, in fulfilling a customer request.”

In respect to innovation this means that an existing supply chain needs to be able to innovate
as a system to serve changes in end costumer wants and needs and stay competitive but it
also needs to innovate to react to other impacts on the system to stay functional (Melnyk et
al., 2014). Granstrand and Holgersson (2020) describe a supply chain as a special sectorial

innovation system. Such a system can as well be local or national, or both in different parts of
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a supply chain. This research focusses on local and national supply chains as the focus lays on

the Covid-19 impact on innovation in Scotland.

It is important to distinguish the terms supply chain, supply base, and industry. A supply
chain is an organised connection of actors to fulfil a common purpose, to rephrase Chopra and
Meindl (2007) definition. The supply base is the entirety of companies which are capable of
generating a special supply. A supply chain is aware of their existence and actively manages
them. The supply base can provide replacement suppliers if needed (Choi and Krause, 2006).
An industry is a group of companies providing similar end products or services, not all com-
panies within an industry might be known to a supply chain or might be irrelevant, hence are

not actively management and thus not part of the supply base (Porter, 1997).

As the supply chain is a subsystem of the industry, the assumptions of the triple helix model
remain valid. This means that innovation in a supply chain is influenced by interactions with

universities and government.

2.4.3 Conclusion

In conclusion it can be said that innovation in networks is a complex matter adding to the
complexity of innovation in single organisations. However, companies are part of networks
and systems and therefor this approach has to be taken. How innovation works in networks
depends highly on how different organisations interact with each other. This does not only
include different companies but also universities, policy makers, and industry support organi-

sations.

The support infrastructure for companies in Scotland and the wider UK is complex and ineffi-
cient. The complexity is argued needs to be reduced especially for SMEs to be relevant for
them. Funding rules are criticised to not provide enough support for market near develop-

ments and joint value creation in supply chains (Bailey et al., 2019).

2.5 Innovation capability of supply chains - a critical review of academic

literature

After looking into the topics of innovation in single organisations and innovation beyond sin-

gle organisations, this section aims at precisely looking into what is innovation capability and
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what is innovation capability of supply chains. A structured literature review is conducted.
The methodological approach followed is described before findings are presented, and the

research gap is highlighted.

2.5.1 Approach of literature review.

A snowball and reverse snowball method are used following Wohlin (2014). Snowballing and
reverse snowballing is frequently used to conduct structured literature reviews. They are es-
pecially helpful to explore broad topics like innovation capability of supply chains in an eco-
nomic way. Snowballing refers to an approach where an initial paper or set of papers of spe-
cial relevance to a topic are selected and their references are used to collect data, and then the
references of the references. References can mean either relevant referenced papers or au-
thors or both. As snowballing alone is only a chronologically backwards search, reverse
snowballing was introduced to identify later published literature. The idea is to identify pa-
pers that reference the starting set and then papers referencing the referenced papers in the
starting set. This way relevant up and downstream literature can be identified (Wohlin,
2014). This approach has been criticised for a chance of missing relevant papers if different
research strings are not connected (Snyder, 2019). However, it has also been argued that an
initial preparatory unstructured literature search should mitigate this risk. Explicitly, a struc-
tured content analysis has not been followed as the search focus is too broad and has resulted

in thousands of papers to analyse.

For the present research a snowballing and reverse snowballing approach is used, following

the four step approach that Wohlin (2014) suggest as shown in Figure 2-4.

in start set

1 N 2 > 3 > 4 > STOP
Defi
Initial Define in:z:::Zn Reverse snow n;?i;;gls
Snow ballin
search start set criteria w ing balling are found
Identif
pigeisy Identify
h
referenced papers that
reference

start set

Figure 2-4: Process of snowballing used in literature review (adapted from Wohlin (2014))
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Step 1 refers to conducting an initial preparatory unstructured review with an initial search
term. For this study the search term ‘innovation capability of supply chains’ is used. Addition-
ally, the search databases have to be defined. Here, the University of Strathclyde Library data-
base is used. Based on the results in step 2, a starting set of papers is identified from where to
start the iterations of searching. These are usually especially relevant results (Wohlin, 2014).
The formal starting point for the literature review is Iddris (2016) as this is the only paper
fulfilling the search terms ‘innovation capability’ and ‘supply chain’ on the University of
Strathclyde library database. Step 3 aims at setting inclusion criteria for literature, in the pre-
sent case literature was included if title or abstract content references to supply chain and or
innovation capability. Only peer reviewed articles are considered to ensure validity and relia-
bility of this literature review. Step 4 is the actual execution of the literature search going in
iterations up and downstream from the initial set of literature. In the present case after 3
downstream iterations and 5 upstream iterations no new relevant literature could be identi-
fied. A total of 17 relevant papers could be identified published between 2001 and 2021. No
dominant journals could be identified; however, two main literature strings can be identified.
One is innovation capability of single organisations research and supply chain integration for

innovation research.

Data analysis is executed using a thematic coding approach. Precisely inductive coding is used,
where a codes or themes emerge during data analysis as described by Mayring (2004). The
identified themes are innovation capability definitions, innovation capability of single organi-
sations, and supply chain integration for innovation capability. As a summary, Table 2-5

shows an overview over the methods used for this literature review.

Table 2-5: Overview over methods and their application for literature review

Research stage Application

Data collection Structured literature review using snowballing / reverse snowballing
Starting point: Iddris (2016)
Literature inclusion criteria:

[terations: 3 downstream, 5 upstream

Data analysis Inductive thematic coding with following emerging codes:
Innovation capability definitions
Innovation capability of single organisations

Supply chain integration for innovation capability
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Overview identi- 17 papers
fied literature Published between 2001 and 2021
No dominant journal
Two dominant research strings: innovation of single organisations and supply

chain integration for innovation

2.5.2 Innovation capability of supply chains - two approaches

Innovation capability of supply chains is not a topic that has been extensively covered in liter-
ature, even though competition taking place more on the basis of supply chains and supply
chain capabilities rather than single companies and their capabilities (Farahani et al.,, 2014).
However, there are two lines of research that have ventured into the field. The first one is re-
search into innovation capability of single organisations which has been studied in hundreds
of studies (Mendoza-Silva, 2021) with a handful extending the scope to supply chains (Iddris,
2016, Saunila, 2019). The second one is the supply chain management field that focusses on
improving supply chain operations. In this context, innovation capabilities on an interorgani-
sational level have been analysed in a few studies (Zhu et al., 2018). This research string
speaks of supply chain integration influencing innovation capability. The term supply chain
integration in this context also only refers to joint value creation, not to traditional incorpora-

tion of businesses (Chapman et al., 2003).

The innovation capability of single organisations literature argues that there is no clear con-
sensus on how to define the term innovation capability in the first place. Saunila (2019) ar-
gues that there are two different approaches. The first approach considers innovation as an
output or an input-output-relation rather than a process. In this context, innovation capability
is understood as the capability to produce a distinct type of innovation. Most of Keeley et al.
(2013)’s types of innovation have been analysed in studies (Saunila, 2019). Rahman et al.
(2015) criticise this approach as being just a snapshot in time. For a solid sustainable business
performance, a company has to be innovative continuously. This approach has also been criti-
cised for applying imprecise measures when analysing innovation capability. Common
measures used in this context are return on investment or return on research (Becheikh et al.,
2006), spending on research and development or innovation activities (Jung et al., 2008), or
number of patents (Bellamy et al.,, 2014). Generally, these measures have been criticised to
only capture input or successful output of innovation which makes it impossible to derive

meaningful insights about efficiency (Rahman et al.,, 2015, Boly et al,, 2014). These measures
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are not only imprecise, but they are also too narrow and do not capture innovation capability
in its entirety, as especially behavioural and organisational culture aspects are not reflected

(Saunila, 2019, Mendoza-Silva, 2021, Samson et al., 2017, Edmondson and Harvey, 2018).

The other approach defines innovation capability as a process referring to innovation as a
process. This approach conceptualises innovation capability as the potential to create innova-
tive output. An often used definition is the one by Lawson and Samson (2001) who describe
innovation capability as “the ability to continuously transform knowledge and ideas into new
products, processes and systems for the benefit of the firm and its stakeholders.” Keskin
(2006) adds the readiness to test new ideas. This approach broadens up the understanding of
innovation capability beyond the measures used in the first research string. It is argued that
many factors influence innovation capability on a company level, including factors that are
intangible and therefor challenging to measure. Hence, more recent studies have investigated
which factors impact innovation capability on a company level in general (Saunila, 2017b,
Iddris, 2016). However, there is no consensus on what these dimensions are (Saunila, 2019).
Generally, they are based on innovation barriers and enablers. For measurement, some stud-
ies have moved to applying the maturity concept to innovation capability and the factors in-
fluencing it. This approach has been suggested for example by Samson et al. (2017) and
Mendoza-Silva (2021) to make intangible factors measurable. No dominant holistic maturity
model or its innovation capability dimensions can be identified. They all have shortcomings or
limitations. Enkel et al. (2011) only focus on open innovation, Arends and Advisory (2018) do
not consider the innovation process as part of innovation capability, and Esterhuizen et al.
(2012) do not validate their model. It has to be noted that also in this line of research many
studies aim at understanding innovation capability directed at only single types of innovation
at a time (Saunila and Ukko, 2014) or they focus on special sectors or company sizes (Iddris,

2016).

In a more direct relation to the objective of this research, to analyse innovation capability of
supply chains and not only single organisations, a number of studies have been carried out.
Identifying these requires differentiating the difference between supply chain innovation and
innovation developed along or within a supply chain. Supply chain innovation refers to inno-
vations around supply chain operations and management (Dubey et al., 2012). The focus of
the present research is on the development and the ability to develop innovation along a sup-

ply chain. Even though there is no definition for innovation capability of supply chains availa-
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ble in literature, for the present research the definition for single organisations developed by
Lawson and Samson (2001) can be adopted to supply chains and sharpened by including the

working definition of innovation as described in section 2.1.3. Hence,

“Innovation capability of supply chains is the supply chain’s ability to continuously trans-
form knowledge and ideas into the implementation of something new or substantially
improved in a supply chain and its member organisations that creates value for its stake-

holders.”

Innovation capability in a supply chain context has obtained attention mainly over the last
decade (Faghat et al., 2020, Iddris, 2016, Iddris, 2018, Yunus, 2018, Delbufalo, 2015, Tan et
al,, 2015, Ferrer et al,, 2011). Ferrer et al. (2011) analyse the relationship between compe-
tence and innovation capability in supply chain relationships which results in that sharing
competence and flexibility positively influence innovation capabilities for supply chain rela-
tionships. Delbufalo (2015) analyses the relationship between innovation capability of a sin-
gle company and its supply network structure. Yunus (2018) focusses on the impact of differ-
ent forms of communication with suppliers and customers on the development of different
types of innovation. Tan et al. (2015) focus on the impact of digitalisation on innovation capa-
bility of supply chains, especially in terms of data mining. Faghat et al. (2020) focus on how to
manage shared value creation in a supply chain. They explicitly only focus on value innovation
in terms of a benefit for the end user of a product, development of technology as disruptive
innovation, for example, is explicitly excluded. Iddris (2016) and Iddris (2018) are the only
two papers, one building on the other, that effectively aim at establishing a framework for
innovation capability of supply chains. However, innovation capability of supply chains here is
seen through the lens of a single company. Iddris (2018) explicitly focusses on the direct sup-
ply chain of a company. He adopts Mentzer et al. (2001)’s understanding of this direct supply
chain as the direct suppliers and customers. In other terms, the full supply chain from end to

end, or ultimate supply chain as Mentzer et al. (2001) call it, is not a matter of Iddris’ research.

Approaching innovation capability of supply chains through the avenue of supply chain inte-
gration for value creation, a similar picture can be painted. Whereas there are many studies
on supply chain integration for general supply chain operations (Damanpour, 1991, Rhee et
al,, 2010), there is only a handful of studies directly addressing innovation capability (Seo et
al,, 2014, Ayoub et al.,, 2017). Flynn et al. (2010) and Zhu et al. (2018) describe supply chain
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integration as the strategic integration of both internal and inter organisational processes
with the aim to work collaboratively together to gain mutual beneficial outcomes and provide
better value to end customers. The integration does not explicitly mean that a supply chain
member is absorbed by another supply chain member. The focus lays on collaboration. Zeng
et al. (2010) and Seo et al. (2014) find that the cooperation and integration of supply chain
partners play a significant role in the innovation process and innovation capability building.
Didonet and Diaz (2012) and Ayoub et al. (2017) specifically identify that supply chain inte-
gration with suppliers and customers improve design, production, delivery, and enhance in-
novation. Dewick and Miozzo (2004) argue that interaction and mutual relationships between
an organization and its suppliers, customers, and designers play an important role in the pro-
duction process and process innovation. Zhu et al. (2018) highlight that interorganisational
learning is important for value creation. Learning requires knowledge distribution which can
take place, both, throughout an organisation or internally and externally throughout the sup-
ply chain (Soosay and Hyland, 2004). Internal integration refers to the extent to which a man-
ufacturer re-engineers its own organisational strategies and processes across departments
into synchronised internal processes to better meet customers’ needs (Wong et al., 2011).
External integration refers to the integration of other organisations along the supply chain.
Typically, these are key suppliers and key customers. Information sharing and strategy align-
ment for manufacturing in the present and future are key components of external supply
chain integration (Seo et al., 2014). Customer integration enhances market expectations and
opportunities, leading to more precise and faster responses to customer needs (Swink et al,,
2007). Flynn et al. (2010) stress that all three components, internal, supplier, and customer
integration are necessary for successful performance improvement. Lii and Kuo (2016) go a
step further and conclude, that if a company is more innovative, it is more likely to push sup-
ply chain integration. However, Zimmermann et al. (2016) say that all research into supply
chain integration for innovation is solely of qualitative nature and Freije et al. (2022) and Zhu
et al. (2018) both call for more investigation into evaluation systems of how supply chain in-

tegration supports innovation capability.

2.5.3 Research gap
Reflecting on the findings on innovation capability of supply chains, it can be concluded that

there are significant limitations of the exiting literature. For one, the amount of research being
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done into innovation capability of supply chains is very small. All research that was identified

is of qualitative nature.

Innovation capability literature generally focusses only on single organisations. Even though
the research community has largely moved towards multi-dimensional approaches to innova-
tion capability to include non-tangible influence factors like culture and behaviour, there is no

consensus on what these dimensions are exactly (Saunila, 2019).

Existing research into innovation capability only focusses on niches, like the impact of sharing
knowledge with suppliers (Yunus, 2018), impact of digitalisation across a supply chain (Tan et
al,, 2015) or only on certain types of innovation. Supply chain integration literature mainly
focusses on the integration of processes with immediate suppliers and customers from a sin-

gle company supply chain management perspective.

At this point it makes sense to go back to the very beginning of this thesis. There, the trend
was highlighted that companies and whole economies compete more and more on the capa-
bilities of their supply chains (Farahani et al., 2014). Especially from an economy perspective,
it is important to consider a full end-to-end supply chain for even policy support. However,
existing literature cannot give a precise or holistic answer to what constitutes innovation ca-
pability of an end-to-end supply chain. Hence, here is the research gap that needs to be ad-
dressed. The research gap is highlighted in, which visualises work being done in the field of
innovation capability in single organisations, work being done in supply chain integration,

and work being done on end-to-end supply chain as systems.

Innovation
capability of
end-to-end
supply chains

Figure 2-5: Research gap as Ven diagram
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2.6 Deriving the research question

Summarising the research gap, available literature does not describe what innovation capabil-
ity of an end-to-end supply chain is. Either there is a focus only on a single organisation
(Saunila, 2019), or there is a focus only on a certain type of innovation (Mendoza-Silva, 2021),
or there is only a supply chain focus in terms of the immediate supply chain with direct sup-
pliers and customers (Yunus, 2018, Iddris, 2016). In times when economies and companies
compete on the basis of their supply chains capabilities, the focus needs to be broadened up.
Companies need to be able to determine the innovation capability of their entire supply chain
to support not only direct suppliers and create more resilience along the entire supply chain.
In terms of decision making such understanding can be important as well. In case a company
wants to invest in new sites, the question of where full supply chains with high innovation
capability are available, becomes interesting as such decision making is often in parts based
on future resilience of operations (Farahani et al., 2014). Here, being able to determine what
innovation capability of an end-to-end supply chain is, becomes interesting for policy makers.
If they had the means to determine such innovation capability and improve it in a targeted
way, they might make the economy of a country or region more attractive to investments
from the inside and from the outside. Hence, there is a real value in knowing a supply chains
innovation capability in terms of strategic decision making, attracting investments, and rais-
ing resilience which single companies and a whole economy could benefit from.

The question that needs to be asked is what innovation capability of a supply chain is. Howev-
er, to make this more suitable for strategy makers and policy advisers, and generally to add
meaning, a measurement dimension should be added, to be able to determine if innovation
capability of a supply chain is in fact good or bad.

As capabilities are usually analysed using maturity levels and as the maturity approach has
gained attention within the innovation capability literature for single organisations
(Mendoza-Silva, 2021), this approach is taken for the present research as well. Hence, the

main research question of this thesis is:

RQ-A1) How can innovation capability maturity of manufacturing supply chains be

determined?

After this research question is answered in the next chapter and an appropriate maturity

model is created, the framework will be used to analyse the status quo of innovation capabil-
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ity in a supply chain and as guidance for strategy making for its improvement. This serves as a
case study for the application of the framework and in this capacity as its field validation.
Within this process, the other subsequent practical research questions of this study as men-

tioned in chapter 1.2, will be answered one by one.
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CHAPTER 3

ResearcH METHODOLOGY

he research methodology explains which way is chosen to answer the objectives of
this study (Johnson and Gill, 2010). Therefore, it is important to explain how the re-
search questions are defined, how they are solved, and why a specific research
methodology is believed to be more suitable than others (Denzin and Lincoln, 2005). This
chapter starts with clarifying the conception of the term ‘research methodology’ before ex-
plaining how a methodology is chosen. This is elaborated by explaining which methods are
used to answer which research question and why. The chapter ends with ethical considera-

tions as the nature of this research includes people and social aspects.

3.1 Conception of research methodology used in this research

It is important to clarify the conception of the applied research methodology at the beginning.
Within academic business and management literature many research methodology concep-
tions exist for different purposes (Bell et al., 2022, Johnson and Gill, 2010, Saunders et al.,
2016). The aim of this section is to derive a definition which suits the aim of the study. For the

present study the term research methodology is used as Swartz et al. (1998) define it:
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“The research methodology is the procedural framework within which the research is

conducted”.

This framework defines reliable research methods to use, and, further, the right procedures to

carry out the research (Bell et al., 2022, Johnson and Gill, 2010, Saunders et al., 2016).

3.2 Choosing a research methodology

In business and management literature in general and in innovation literature in particular a
wide range of research methodologies is applied. In general, three types of methodologies and
respective methods for data collection and analysis can be distinguished. These are a qualita-
tive research methodology, a quantitative methodology, and a mixed method approach com-
bining both. In innovation literature qualitative methodologies are usually used. However, the
overall diversity of research methodologies in innovation suggests that there are different
reasonable options. Hence, a discussion on choosing an appropriate research methodology is

needed.

Textbooks on business research like Saunders et al. (2016), Bell et al. (2022) Johnson and Gill
(2010) and peer review articles on research methodology like Bono and McNamara (2011)
suggest that the choice of research methodology depends on the nature of the research ques-
tions. Further, it depends on how the researcher views and interprets the phenomenon at the
heart of the research. Two categories can be differentiated. There is firstly, theory develop-
ment that aims to uncover the nature and elements of a phenomenon, and secondly, theory
testing and validation of constructs that aim to provide prediction or generalisation. Theory
development is usually connected to qualitative and theory testing to quantitative research
(Saunders et al., 2016). The research questions at the heart of this study are related to uncov-
ering a phenomenon. Therefore, a theory development methodology needs to be adopted.
Shepherd and Suddaby (2017) identify two possible approaches. The research can either aim
at exploring theories and existing research related to the subject, develop a framework and
conduct empirical research, or it can aim at exploring a practical phenomenon and develop a
theory based on practical insights. Theory development in the former is a deductive process,
in the latter it is an inductive process. There is also the option of combining both approaches

to abductive theory development. Whereas all approaches have their justification, the present

76



study is built on a solely inductive theory building approach. It has been selected for the two

following reasons.

The main research questions RQ-A1, or how to measure precisely the innovation capability of
a supply chain is an unexplored subject. The same is true for the subsequent practical re-
search questions. Hence a bottom-up approach to create theory is needed. The second reason
lays in how the researcher constitutes and interprets the phenomenon underpinning the re-
search question. This is usually referred to as research philosophy. To understand how this

research is interpreted, it is important to know the philosophical standpoint at the core of it.

In natural science as well as in general quantitative research a positivist standpoint is the
norm, where researchers claim to be objective and claim that just a single truth exists
(Saunders et al., 2016). The present research, however, is management related and therefore
sociology related and at its core of qualitative nature. Hence, positivism as philosophy cannot

be applied.

This leaves an interpretivist standpoint and a pragmatist standpoint for further discussion.
Both take social factors and personal experience of researched people and the influence of the
researcher as a person into account. Pragmatism aims at pragmatically deriving knowledge
from circumstances, leading to pragmatic knowledge that is true in and only in this circum-
stance. Interpretivism aims at deriving knowledge that is holistically true and not only cir-
cumstantially (Saunders et al,, 2016). An overview over interpretivism and pragmatism divid-
ed into the three dimensions of philosophical dimensions ontology referring to the nature of
truth, epistemology as what is considered acceptable knowledge, and axiology as the role of

values, is shown in Table 3-1.

It is argued, that especially in a sociological setting, different believes, different circumstances,
cultures, and the relationship of people in a society are important to understand the truth. It is
also argued that the researcher as a human being interacting with others forms part of the
same society he or she is investigating. Therefore, all interpretation of research can only be
subjective. This in return means that different truths can exists depending on different inter-

pretations of the same research (Glaser and Strauss, 2017).
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Table 3-1: Overview interpretivism (adapted from Saunders et al. (2016))

Philosophical dimension

Interpretivism

Pragmatism

Ontology

(nature of reality)

Complex, rich,
Socially constructed through culture
and language
Multiple meanings, interpretations,
realities flux of processes, experi-

ences, practices

Complex, rich, external

‘Reality’ is the practical consequences of
ideas

Flux of processes, experiences an

practices

Epistemology

(what is acceptable

Theories and concepts too simplistic

Focus on narratives, stories, percep-

Practical meaning of knowledge in spe-

cific contexts

knowledge) tions and interpretations ‘True’ theories and knowledge are those
New understandings and that enable successful action
worldviews as contribution Focus on problems, practices and rele-
vance
Problem solving and informed future
practice as contribution
Axiology Value-bound research Value-driven research

(role of values)

Researchers are part of what is re-

searched, subjective Researcher
interpretations key to contribution

Researcher reflexive

Research initiated and sustained by
researcher’s doubts and beliefs

Researcher reflexive

Afterall an interpretivist standpoint is adopted, because

of the nature of the main research

question RQ-A1 which aims at uncovering a truth which should be valid across all manufac-
turing supply chains under no specific circumstances. Pragmatism could have been a valid
approach if the main aim of the research had been to analyse the innovation capability of only
one supply chain at a given moment as the practical research questions do. However, this is

only means to validate the framework.

In summary, this research is of qualitative nature and follows an inductive approach under an

interpretivist research philosophy setting.

3.3 Research design

The research design is the operationalisation of the research methodology. It ensures that the

selected methods effectively address the research questions (Swartz et al.,, 1998). In the con-
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text of qualitative research and an abductive approach the research design supports selecting
appropriate qualitative research methods for the present study. This includes data collection

methods as well as data analysis and interpretation methods.

Understanding the implications of Covid-19 on innovation is a widely unexplored field due to
its sudden occurrence. Furthermore, innovation and supply chain management are highly in-
terdisciplinary topics. Therefore, the research design of this study is based on the principal of

‘intellectual arbitrage’ (Van de Ven and Johnson, 2006).

Intellectual arbitrage refers to the need to address complex problems from different angles.
Van de Ven and Johnson (2006) argue that just a single perspective would lead to a partial,
incomplete, inherently biased understanding of a situation. To address this issue, they suggest
to co-produce knowledge and engagement with other scholars. Based on this, the term intel-
lectual arbitrage means that the more scholars and practitioners with different perspectives
engage in understanding a problem the more holistic the understanding will be and the less
likely it will be to miss out important perspectives. Van de Ven and Johnson (2006) describe it
as a risk mitigation strategy which leads to an ‘optimal’ understanding of a problem. The idea
of intellectual arbitrage is widely used in business and management studies, even though it is

not explicitly stated (Van de Ven and Johnson, 2006).

Intellectual arbitrage reflects the fundamentals of the chosen research philosophy of interpre-
tivism. Interpretivism explicitly acknowledges different perspectives and different under-
standings of the same problem. Therefore, it is reasonable to adopt the intellectual arbitrage
research design idea for the present study. Nevertheless, intellectual arbitrage puts the em-
phasis on combining insights and perspectives of theory and practise (Van de Ven and
Johnson, 2006). In particular, this means to combine scholars’ and practitioners’ opinions to-
gether in a way that the research questions can be answered. Relating to intellectual arbitrage
again, the idea is that both groups produce distinct but different and complementary
knowledge about the same problem. In business and management literature many scholars
suggest combining theory and practice for research (Kelemen and Bansal, 2002, Pfeffer and
Fong, 2002, Tranfield and Starkey, 1998). This approach has become more used after criticism

arose that business and management research fails to solve practical problems.
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3.4 Research methods

To include different perspectives and competencies in a study Hibbert et al. (2014) suggest
the two options of engaging otherness and enacting connectedness. Engaging otherness
means to actively look for different perspectives and competencies to answer the research
questions. Enacting connectedness describes the organisation of a collaborative community

which connects the different perspectives and competencies.

These two options are both employed in this study. Multiple research methods are used to
gather data from different perspectives and through different competencies. This refers to
theory and practice alike. Data collection of each method is designed in a way that all needed
data can be collected. Where possible research methods are chosen which enable direct en-
gagement between the researcher and research participants. In detail there are four different
methods employed in this study: expert interviews, capability maturity model development,
case studies, and future scenario strategizing. The structure and how it relates to the research

questions is shown in Figure 3-1.

A capability maturity model is developed to create an assessment system for innovation capa-
bility of supply chains to answer academic research question RQ-A1l. For validation of the
framework is applied as a diagnostics tool and as a strategy tool in a supply chain as a case
study. To determine in which supply chain the application would provide the most relevance,
i.e.,, which sector in Scotland is in most need of innovation capability building support, a pre-
research step needs to be executed. To answer research question PQ-R1 expert interviews
have been chosen to gain a better understanding of how the Covid-19 pandemic has affected
innovation in different manufacturing sectors in Scotland and which supply chains are in need
of special support. The innovation capability maturity model is then applied to a manufactur-
ing supply chain in Scotland that needs special support to answer research question RQ-P2 as
the first part of the case study. In relation to research question RQ-P3 the maturity model is
used to provide guidance for further development of innovation capability in said supply
chain. For strategic innovation capability development, a future scenario strategizing ap-
proach is followed to cover different potential futures representing different macro trends
affecting the supply chain. Derived from these strategies, suggestions are derived for policy
making to support the development of innovation capability building in this supply chain an-

swering research question RQ-P4.
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In the following, a description of all these methods is provided to how they are executed with-
in this research and to why they have been chosen. A summary of the relevant methods ap-

plied in each chapter is provided at the beginning of the respective chapters.

3.4.1 Method maturity assessment

Maturity models have become a standard method to describe the development of capabilities
in an entity (Wendler, 2012). This entity can be an individual or a systemic organisation like a
company or a supply chain (Klimko, 2001). One of the main domains for application has be-
come the area of capabilities. The basic concept is that the higher the maturity of a certain
capability the better the performance. Maturity models use discrete simplified levels of ma-
turity describing characteristics of a capability in reference to each maturity stage (Becker et

al,, 2009). Becker et al. (2009) define maturity models formally as:

“A maturity model consists of a sequence of maturity levels for a class of objects. It repre-
sents an anticipated, desired, or typical evolution path of these objects shaped as discrete

stages”.

Maturity models offer two advantages which are highly relevant for the present research. Ma-
turity models can be used as an assessment tool for the capability of interest, and they can be
used as guidance or reference frame for how to develop the status quo of said capability.
Hence, maturity models can give orientation in complex capability development situations
(Kohoutek, 1996, McBride, 2010). Consequently, the capability maturity model method ena-
bles the researcher to analyse the current state of innovation capability in a supply chain and
derive strategies for improvement alike. Other approaches to capability assessment are con-
sidered to not measure performance of a capability in a suited way. For innovation capability
metrics like spending on research and development or the number of patents were used in
the past, this approach, however, provides no indication of how efficient an output was
reached. It also assumes that all innovation is patented, which simply does not happen (Boly
et al.,, 2014, Rahman et al.,, 2015). Hence, such a metrics approach is considered inferior to the

capability approach in reference to the versatile nature of innovation and its capability.
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For the present research, the methodology for developing maturity models developed by De
Bruin et al. (2005) is used. This methodology emerged from different specialised maturity
assessment methodologies like for example capability maturity model integration (CMMI).
The reason for using De Bruin et al. (2005)’s methodology and no specialised methodology
like the CMMI lays in the nature of innovation capability. De Bruin et al. (2005) allow a holistic
approach including all factors impacting capability maturity. Specialised methods like the
CMMI only allow other capabilities to be included in the creation of a new capability maturity
model. Innovation capability in its nature, however, is highly influenced by factors which are
not directly capabilities. For example, the availability of funding plays a major role for innova-
tion capability (Saunila, 2019), supply chain structure (Zimmermann et al., 2016) or regula-
tion (D’Este et al., 2012). De Bruin et al. (2005) methodology consists out of six different stag-

es which are shown in Figure 4-1.

Scope Design Populate Test Deploy Maintain

Figure 3-2: Methodology for the development of maturity assessment (De Bruin et al.,, 2005)

In phase (1) the scope of the assessment has to be defined. The scope in this context refers to
the focus of the assessment and the development stakeholders. These decisions influence all
later phases. Phase (2) aims at designing the maturity assessment framework respectively
define its architecture. In phase (3) the content of the framework is developed. This contains
what will be measured and how it will be measured. It is important to note that the frame-
work is solely built on existing literature, no direct behavioural research is carried out. Phase
(4) ensures that the framework is tested for validity and reliability. This includes the frame-
work content as well as the assessment system. Phase (5) consist in the application of the ma-
turity assessment. This also includes ensuring the broad availability of the maturity assess-
ment. Phase (6) aims at constant improvement and constant use of the maturity system.
Phase (6) is excluded from this research because only 1 supply chain is analysed as a case

study and pilot application of the framework. Application in different contexts and further
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development after the completion of this research is highly encouraged but out of scope of

this thesis.

34.1.1 Scope

To define the scope, De Bruin et al. (2005) suggest defining the focus of the assessment
framework and the development stakeholders. For defining the focus, it has to be decided if
the maturity assessment framework should be of general nature or if it is meant to be specific

for a certain domain.

3.4.1.2 Design

The design phase aims at defining the architecture of the maturity assessment framework. De
Bruin et al. (2005) state that the framework must meet the needs the applicants of the frame-
work have. This means that the framework must reflect the questions who applies the frame-
work and why, how the framework can be applied and who is needed to apply it, and what

can be achieved by applying it.

The architecture of the 84framework can be freely determined. However, as it is a modelling
approach a suitable model needs to be developed that that represents the topic of interest in a
suitable accuracy (De Bruin et al., 2005). To ensure this, a systems approach is used describ-

ing a supply chain as a socio-technical system (Behdani, 2012), as described in chapter 1.

To convert the framework architecture into a maturity framework, maturity levels have to be
defined. Wendler (2012) points out that many maturity frameworks use a five-level maturity
approach, however, it is possible to use as many maturity levels as needed to fulfil the pur-

pose of the framework. Testing ensures that the maturity levels are suitable for this purpose.

3.4.1.3 Populate

During the populate phase the architecture of the maturity assessment framework is populat-
ed with content. For the present research this means that different dimensions of innovation
capability have to be identified. Since no dominant concepts of innovation capability dimen-
sions could be identified in chapter 2, a deeper analysis of literature has to be conducted in
order to holistically identify dimensions of innovation capability. This deeper analysis is car-

ried out as a content analysis. How it is carried out and why it is a suitable method is ex-
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plained deeper in the following subchapters. The definitions of maturity stages build on exist-
ing definitions found in literature for similar dimensions as far as possible. However, some of
the identified dimensions of innovation capability are no direct capabilities. These will be in-
cluded as success factors as De Bruin et al. (2005) suggest. Descriptions of definitions match-
ing the three maturity stages are developed and validated. However, they do not build on exit-
ing maturity models but on the included literature describing which dimensions influence
innovation capability and what characteristics they need to show to be supportive or not sup-

portive.

3.4.1.3.1 Approach of content analysis

Even though content analysis was used mostly for quantitative research Holsti (1969), schol-
ars like Krippendorff (2018) argued more recently that it is applicable for qualitative research
as well. For a qualitative approach the content of textual data can be categorised rather than
counting real quantitative measures (Al-Debei and Avison, 2010). Moldavska and Welo (2017)
argue that an abductive procedure can be used for a qualitative content analysis. An abductive
procedure uses pre-set concepts like a deductive approach but also adapts these concepts
based on collected data and further research results as an inductive approach would suggest
(Saunders et al., 2016). In short, pre-set concepts are combined with recurring themes emerg-

ing from collected data.

3.4.1.3.2 Process of content analysis

For the present research an abductive approach is followed. As abduction is the combination
of deduction and induction, the process of the content analysis is divided into two parts. The
first part is the deductive approach. This will be carried out as coding. Deductive coding
means to develop a coding frame based on the subject of interest prior to the literature

search. Then the literature is analysed based on the pre-set codes. The coding frame includes:

B Innovation capability dimensions

B Innovation barriers

The second step is the inductive approach. Textual data is retrieved from relevant literature

and categories within the frame of coding and unit of analysis are developed. To create cate-
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gories a thematic analysis approach is used. Such an approach usually consists of three steps

(Mayring, 2004, Miles and Huberman, 1994):

(1) creating provisional categories and first-order codes based on findings in the selected
literature,
(2) integrating first-order codes and creating higher order categories and

(3) delimiting the categories by aggregating their theoretical dimensions.

The low-order codes and categories are just assigned to a higher category only if they satisfy

the following conditions:

(1) the categories or subcategories refer to the similar idea or concept,
(2) the contextual settings are complementary and

(3) the categories express a unique compositional aspect of a main category.

Additionally, if a category shows quantitative aspects, as frequency, these are analysed as

well.

Special relevance of a content analysis has gathering data (Seuring and Gold, 2012). For this
study a systematic approach is followed for comprehensive inclusion of all relevant literature.
Tranfield et al. (2003) suggest a three-stage approach consisting of planning, executing, and

reporting.

For planning as search engine, the University of Strathclyde library resources is used. Univer-
sity of Strathclyde library resources are chosen because it provides a broad access to freely

available journal articles and literature purchased through the University.

The execution stage consists of defining selection criteria and the identification of innovation

capability measures. The chosen selection criteria for this study are:

(1) As described earlier, definitions and the use of terms vary significantly in innovation
literature, even though they describe similar things. Therefore, a variety of terms need
to be included into the search. Used combinations are shown in Table 3-2. Each term of
the first column is combined with each term of the second. Articles are just included if

any of these combinations appear either in the title, the abstract, or the keywords.
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Table 3-2: Selection terms for general content analysis

Term 1: Innovation capability relation Term 2: Measurement relation
Innovation capability Measurement

Innovation capacity Measuring

Innovation performance Dimensions

Innovativeness

(2) Exclusively literature in English language is included.
(3) Just literature of the type journal article’ is included to rely on peer review for quality

of information.

3.4.1.3.3 Description of included literature

This section shows a descriptive analysis of the included literature. Starting with the litera-
ture resulting from the general search, in total 51 articles could be identified. A first round of
screening the titles and abstracts of these articles left 43 suitable articles. Exclusion criterion
is the scope of the paper. In a second round of screening all remaining articles are read in full
leaving 35 relevant papers. Reasons for exclusion of screening round two vary. Three papers
are excluded because they use outdate measures for innovation capability like solely financial
or patent measures. Two papers are excluded because they focus on innovation as a process.
This perspective however is covered by the absorptive capacity approach later in this chapter
and is not part of innovation as input output relation. Two papers do not define appropriate
innovation capability dimensions and one paper could not be accessed through University of
Strathclyde sources. Figure 3-3 shows the distribution of publications by year of publication.
The first paper about innovation capability measurement was published in 2003. The next
articles were published six years later initiating a phase of more academic interest in the top-
ic. No specific journal seems to dominate the topic of innovation capability measurement. In fact,
with 23 the number of journals is almost as high as the number of publications itself. With three

publication ‘Measuring Business Excellence’ is the journal with most citations.
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Figure 3-3: Distribution of publications included content analysis by publication year

34.1.4 Test

The maturity assessment framework must be tested for relevance and rigor. In order to do so
both the framework content and the assessment system have to be tested for validity and re-
liability. Content validity aims at assessing how completely the subject of interest is covered
(De Bruin et al., 2005). This is proven in two steps. Step one refers to the choice of methods
used to create the maturity assessment framework. For the present research a systematic
structured content analysis is used to ensure that all literature referring to the search terms
could be identified and analysed. Therefore, the content respectively the identified innovation
capability dimensions are valid. Part two is a focus group interview is conducted with experts
as De Bruin et al. (2005) suggest. Apart of further content validation, the frameworks archi-
tecture and maturity level descriptions are tested and validated. This is done through voting
on validity of the architecture, the identified innovation capability dimensions, and the ma-
turity stage descriptions individually. It has been decided to invite academics as well as prac-
titioners to participate in the focus group interview. This way the idea of intellectual arbitrage
(Van de Ven and Johnson, 2006) is applied, and the validity and reliability are tested from dif-
ferent perspectives. In detail five specialists with different backgrounds take part in the focus

group interviews. Details can be found in Table 3-3.
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Table 3-3: Focus group interviewees

Specialist Area of expertise Occupation
Specialist 1 Innovation management Academic
Specialist 2 Innovation management Practitioner
Specialist 3 Entrepreneurship Academic
Specialist 4 Supply Chain Management Practitioner
Specialist 5 Supply Chain Management Academic

Testing the reliability of the framework aims at testing if the assessment methodology or the
application of the framework results in the desired data and that the framework measures
what it is supposed to measure. De Bruin et al. (2005) suggest the use of a pilot case study for
field validation of all desired applications of the framework. For this purpose, the framework
is applied to a supply chain in chapter 6. How it is applied, and an evaluation of its application

using a feedback questionnaire as Wendler (2012) proposes are given in the chapter 3.4.3.

3.4.1.5 Deploy

The deploy phase aims at making the maturity assessment available to organisations in order
to carry out assessments and ensure that the framework is used widely and constantly. The
assessment is applied in one supply chain as a pilot case study. The application can be found
in chapter 6. Further application in other supply chains is needed in the future to establish

MaSCICMAF as a standard tool.

3.4.2 Method expert interviews

To answer research question RQ-P1 the method of expert interviews has been selected. Ex-
pert interviews are frequently used to investigate general topics of interest in exploratory
studies (Saunders et al., 2016, Goffin et al., 2006). Expert interviews offer an informal way of
interacting with relevant knowledge holders. Important roles hold both the interviewer and
the interviewee. The researcher who acts as interviewer is considered an expert of theoretical
knowledge in the field of investigation. The interviewee is considered the holder of practical
knowledge. Conclusions are drawn based on both perspectives (Saunders et al,, 2016). Expert
interviews offer the advantage of directly engaging with the knowledge holder and thereby,

extract in-depths information. Saunders et al. (2016) states that expert interviews often result
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in detailed descriptions of phenomena. Hence, this method is useful for the present research.
The alternative would be surveys which do not allow the option of going into detail and tailor-
ing questions to the interviewee. Whereas the survey method reaches more potential partici-
pants, return rates are usually low and were expected to be even lower during the height of
the pandemic, as managers are occupied keeping business afloat.

Precisely, two types of expert interviews are applied, in-depth and semi-structured inter-
views. In-depth interviews aim at exploring an individual’s specific perception of a topic of
interest. Usually, a small number of in-depth interviews is carried, expecting each interview to
have a different focus of interest based on different backgrounds (Saunders et al., 2016). The
in-depth interviews aim at exploring the research question in a broad way to select industry
sectors for further investigations. For such a broad approach Saunders et al. (2016) recom-
mends this method. Usually, the interview is started with an initial question and developed

from there.

The semi-structured interviews are used to analyse sectors of special interest. The semi-
structured nature provides the option to leave pre-set questions and enter an open conversa-
tion. However, the semi-structuring ensures that key topics are covered (Bell et al., 2022).
This way a phenomenon can be investigated in detail depending on the interviewee’s stand-
point. Thus, data can be maximised, and detailed descriptions can be deducted (Saunders et
al,, 2016). Consequently, collected data varies from interview to interview depending on the
interviewee’s background and the context of the interview (Srivastava and Thomson, 2009).
However, the semi-structured nature also provides comparability to a certain extent. The
freedom of going of script while keeping comparability is an effective method to investigate a

qualitative exploratory topic after the first point of contact (Saunders et al.,, 2016).

Two interview series are carried out. Interview series one takes place between February and
April 2021 capturing the Covid-19 impact of the early stages of the pandemic. Interview series
two takes place between April and July 2022 capturing the second half of the pandemic and
the industry’s view of the future beyond the pandemic. Both series are divided into two parts.
Part one, aims at identifying the Covid-19 impact on the manufacturing sector in Scotland in
general. For this purpose, industry support organisations are interviewed using the in-depth
approach. This meta-approach has been considered a suitable way of collecting the desired
data, as these organisations have good insights into the sector through the companies they

work with while they can put insights of single companies into perspective of the wider manu-
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facturing sector. Part two, aims at analysing innovation behaviour and barriers over time in
the aerospace, the food and drink, and the chemistry and pharmacy sector in particular using
a semi-structured approach. These three sectors have been chosen as sectors of special inter-
est following the initial investigations with the in-depth interviews. Three sectors are chosen,
aerospace, food and drink, and chemistry and pharmacy. Three companies of each of these
sectors are interviewed to obtain first-hand insights into their innovation behaviour and their
particular challenges as sample companies from the sector in addition to the results from the

general interviews in part one. For clarification, Figure 3-4 shows the organisation of the in-

terviews.
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Figure 3-4: Interview organisation divided into time and focus

In the following the processes for the in-depths interviews with industry support representa-
tives and the semi-structured interviews with industry representatives are presented. The

processes are similar; however, differences are highlighted where they occur.

3.4.2.1 Process of in-depth expert interviews

The process of in-depth interviews is divided into three different parts. These are the devel-
opment of an initial question to start the interview, the recruitment of interviewees and the
conduction of the interviews and analysing the data. These steps are explained in the follow-

ing.
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3.4.2.1.1 Initial question development

An in-depth interview usually starts with an initial question. Saunders et al. (2016) suggest
designing this question as general as possible while being precise enough to enter the specific
topic of interest. For the research of this thesis, this question directed at industry support or-

ganisations is:

How have the companies you support experienced the Covid-19 pandemic, how have they

been impacted and how have they reacted?

3.4.2.1.2 Interviewee recruitment and conduction

To select interviewees a non-probability sampling approach is used. Thus, the researcher can
choose the most relevant interviewees based on theoretical pre-set parameters. For the pre-
sent research these parameters relate to broad knowledge about the manufacturing industry
in Scotland and the level of engaging with companies operating in the industry. Further, the
suitable interviewee has detailed insights in how the Covid-19 pandemic affected the industry
and how different sectors reacted. This includes the innovation behaviour. Suitable experts
are identified as senior managers at Scottish industry support organisations being in a strate-
gic position as they hold the general overview over Scottish manufacturing and the relevant
connections across the industry that is required. Thus, first-hand information and second-
hand information can both be accessed through participants. Potential interviewees are con-
tacted through email. If there is general interest in participating a pre-call is carried out to
ensure that the potential interviewee holds the necessary knowledge. In the end two experts
from two major Scottish manufacturing industry support organisations agree to be inter-
viewed. The list of participants and their roles are shown in Table 3-4. The nature of explora-
tory research and qualitative analysis does not require statistically viable sample sizes
(Zikmund et al.,, 2010). It rather requires collecting data until a point of saturation (Saunders
et al, 2016). This saturation is reached with two interviewees from industry support side. The
interviews are carried out as video chats using Microsoft Teams software between February
and April 2021 for the first round of interviews and between April and July 2022 for the sec-
ond round of interviews. The interviews typically last about one hour. Provided the inter-

viewee’s consent the interviews are recorded for transcription and analysis.
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Table 3-4: Participants of first interview series

Interviewee No Organisation Type Interviewee Role
1 Public industry support (Engineering) CEO
2 Public industry support (Manufacturing) CEO

34.2.1.3 Data analysis

To analyse the processed data a thematic analysis approach will be used. Braun and Clarke
(2006) refer to this as the foundation method for qualitative analysis. It can be used as well in
a deductive as an inductive setting. Thematic analysis provides a systematic but flexible ap-
proach to analysing qualitative data. The approach can be used for larger as well as smaller
data sets. Daly et al. (1997) describe it as the search for themes that emerge as being im-
portant to the description of the phenomenon. Fereday and Muir-Cochrane (2006) character-

ise the process as a form of pattern recognition by reading and rereading the data.

Even though some scholars argue that thematic analysis is too subjective and not useful for
deep analysis and framework building (Saunders et al.,, 2016), Fereday and Muir-Cochrane
(2006) argue that thematic analysis demonstrates enough rigor for the systematic description
of a phenomenon, as aimed for in this study. However, to ensure the rigor a systematic analy-
sis approach has to be followed. In the present research the method of coding is used as
Fereday and Muir-Cochrane (2006) suggest. This method allows the researcher to identify
recurrent information (Braun and Clarke, 2006, Charmaz, 2008). Saunders et al. (2016) char-
acterise coding as the categorisation of data with similar meaning. Codes can refer to actions,
behaviours, believes, interactions, ideas etc. and can emerge from the data itself or through

theory in line with the inductive nature of the overall research.

Coding itself takes place in a four-step process adopted from Williams and Moser (2019)
which is shown in Figure 3-5. Their first step is the preparation of data which means prepar-
ing transcripts and cleaning them up. Step two and three is the development of codes in two

orders.

Data Level one Level two

Collection coding coding

Figure 3-5: Coding process (adapted from Williams and Moser (2019))
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Order one coding refers to analysing the row data and labelling it with initial codes. Order two
coding refers to labelling codes with codes or grouping order one codes. They are also re-
ferred to as themes. The development of codes is a non-linear cyclic process enabling the evo-
lution of codes through constant data comparison. Once a final set of codes is generated, step
four aims at deriving meaning from the data and reporting it. This meaning is presented in the
findings and discussion section of this chapter. The final set of codes for interview series 1 and

2 is shown in Table 3-5. Findings are presented in chapter 5 using the order 2 codes.

Table 3-5: Coding framework in-depth interviews for interview

Interview series Order 1 Codes Order 2 Codes - Themes
Series 1 Commercial sector impact Remote working
Operational sector impact Manufacturing operations adaptation
Instant reaction Differentiating impact of Brexit and Covid-19
Planned longer term innovation Skills gap
Opportunities Government support
Challenges
Public industry support perception
Series 2 Commercial sector impact The Shift to NetZero
Operational sector impact Diversification
Innovation and change Energy and trade issues
Future development Skills gap

Public industry support perception

3.4.2.2 Process of semi-structured expert interviews
The conduction of the semi-structured interviews in this research is divided into the three
parts: questionnaire development, interviewee recruitment and interview conduction, and

data analysis. The different parts are described in detail in the following.

3.4.2.2.1 Questionnaire development

A questionnaire in a semi-structured interview acts as a conversation starter on the one hand
and it ensures comparability of different interviews (Saunders et al,, 2016). In order with the
exploratory nature of the present research, open questions are used. Further, in order to
avoid researcher bias no specific technical terminology is used, as Saunders et al. (2016) sug-
gest. There are two questionnaires, one for the first series of interviews and one for the sec-

ond series of interviews. The questions themselves are based on research question RQ-R1.

94



Questionnaire one consists out of twelve questions with several possible follow up questions.
The topics covered are the structure of the supply chain of interest, the economic situation of
the supply chain before and during the Covid-19 pandemic, and the perception of innovation
and change. Questionnaire two contains six questions about the development of situations
covered by the first questionnaire and interviewees’ outlook into the future after the Covid-19
pandemic. The wording of the questions is chosen carefully to not influence answers and
avoid the respondent’s bias. This is done through a validation with an interview expert. Both

questionnaires can be found in the appendix A.C5.1 and A.C5.2.

3.4.2.2.2 Interviewee recruitment and interview conduction

To select interviewees a non-probability sampling approach is used again to choose the most
relevant interviewees. The selection criteria for part 2 interviews (see Figure 5-1) relate to
having detailed knowledge about either the aerospace, the food and drink, or the chemical
and pharmaceutical sector. Selection criteria reflect the questions developed for the question-
naires in appendices A.C5.1 and A.C5.2. This includes knowledge about the economic situation
of the company they represent as well as the sector as a whole, knowledge about supply chain
structures and operations, and innovation behaviour. Following this, suitable experts are
people working either in senior supply chain or operations management positions or innova-
tion management positions in private companies in the respective sectors. Potential inter-
viewees are contacted through email again. In the end experts from nine companies, three for
each of the sectors, agree to be interviewed. Interviewees, their roles within their organisa-

tions, and their supply chain position are shown in Table 3-6.

Table 3-6: Participants of second interview series

Interviewee No Sector Organisation Type Interviewee Role

3 Aerospace TIER 1 Operations manager
4 Aerospace TIER 2 Innovation manager
5 Aerospace TIER 1 Operations manager
6 Food and Drink OEM CEO

7 Food and Drink OEM CEO

8 Food and Drink OEM CEO

9 Chemistry / Pharmacy TIER 1 CEO

10 Chemistry / Pharmacy TIER 1 CEO

11 Chemistry / Pharmacy TIER 1 CEO
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As for the in-depth interviews in exploratory, qualitative study, no statistic validity is required
for semi-structured interviews either (Zikmund et al,, 2010). The saturation point of infor-
mation is reached after three interviews per sector. The interviews are again carried out as
video chats using Microsoft Teams software between February and April 2021 for the first
interview series as well as between April and July 2022 for the second interview series. The
interviews also typically last about one hour and provided the interviewee’s consent the in-

terviews are recorded for transcription and analysis.

3.4.2.2.3 Data analysis

For data analysis the same approach as for the first interview series is used as well as it is de-
scribed in 3.4.2.1.3. This approach is followed as the reasons for choosing this approach in
3.4.2.1.3 are valid for the second interview series as well. The type of coding does not depend
on the type of interview (Saunders et al., 2016). Further, the aim of the research remains the

same, just the unit of analysis is different. The coding framework is presented in Table 3-7.

Table 3-7: Coding framework semi-structured interviews

Interview series Order 1 Codes Order 2 Codes - Themes
Series 1 Commercial sector impact Remote working
Operational sector impact Manufacturing operations adaptation
Instant reaction Differentiating impact of Brexit and Covid-19
Planned longer term innovation Skills gap
Opportunities Government support
Challenges
Public industry support perception
Series 2 Commercial sector impact The Shift to NetZero
Operational sector impact Diversification
Innovation and change Energy and trade issues
Future development Skills gap

Public industry support perception

3.4.3 Method case study
The case study approach is particularly useful when there is a need to obtain an in-depth un-
derstanding of an issue, event or phenomenon of interest, in its natural real-life context

(Crowe et al.,, 2011). Especially in business and management contexts case studies are fre-
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quently employed (Yin, 2009). Case studies in itself are always just a single case and do not
lead to a universal understanding of a phenomenon. Within the boundaries of the case how-
ever, they lead to said deep understanding (Yin, 2009). To analyse innovation capability such
a deep understanding of a company and a supply chain is required. As case study the before
developed innovation capability maturity model is applied to a supply chain which functions
as system boundary for the meaning of results. It is applied as an audit tool as well as, as
strategy tool. The case study serves as field validation for both applications of the framework
to confirm validity and reliability of the framework. Hence, the case study covers the testing
step of the development methodology for maturity models. In this capacity the case study ap-

proach also aims at answering research questions RQ-P2 as well as RQ-P3 and RQ-P4.

3.4.3.1 Innovation capability measurement as semi-structured focus group interviews (chapter
6)
The innovation capability assessment is conducted as semi-structured focus group interviews.
Focus group interviews are interviews were more than one person is interviewed at the same
time. Focus group interviews are a common research method in business and organisational
studies. They are especially used in contexts where the interviewees’ opinion on topics mat-
ter. Focus group interviews are a suitable method to identify different interviewees’ biases
and allow open discussions from different perspectives (Saunders et al.,, 2016). Focus group
interviews are usually conducted with interviewee groups of three to twelve people whereas
generally the higher the complexity of the subject the smaller the focus group is kept (Bell et
al,, 2022). Expert interviews would not be useful as the different interviewees would not have
the opportunity to communicate and develop ideas together, which are needed to validate the
framework following the principle that the whole is more than the sum of its parts. Surveys
are not suitable as no discussion at all could be fostered. Interviewees are usually selected
using non-probability sampling and interviewees need to fulfil pre-set criteria. In general, in-
terviewees are chosen who are believed to be information rich (Krueger, 2014). However, to
maximise the data, every interviewee must be encouraged to speak. A safe environment must
be provided, where personal or professional relations between interviewees do not negatively

impact the willingness to share information (Saunders et al., 2016).

The semi-structured nature of the focus group interviews allows the interviewer to go off

script and encourage discussions about a topic if it is needed. Thus, is an effective method to
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maximise data collection in qualitative exploratory topics like innovation capability in an or-
ganisation. At the same time the semi-structure ensures that all topics are covered which are

meant to be covered (Bell et al.,, 2022).

The innovation capability diagnostics is conducted as semi-structured focus group interviews.
Focus group interviews have been chosen to reflect different perceptions of different partici-
pants of the same situation and help minimize bias (Saunders et al.,, 2016). These interviews
are semi-structured to allow a conversation to happen (Bell et al., 2022). The interview is led
by an innovation capability expert who asks participants to choose from a set of statements
which they believe apply to them. The statements are meant to provoke a discussion between
the interviewer and the interviewees about each innovation capability dimension to under-
stand the situation in either the company or the supply chain. After this discussion a maturity
level of the framework is chosen. The set of statements is called questionnaire in this re-
search. The questionnaires for the supply chain and the company scoring model can be found
in the appendices A.C6.1 and A.C6.2. The statements are derived from the maturity stages for

each innovation capability dimension of the framework.

These focus group interviews are embedded in a set of activities which are comprised to what
is called a ‘innovation capability audit workshop’ in this research. This approach has been
chosen, to prepare participants for the topic of innovation capability and the assessment itself.
The interactive approach helps active thinking about the workshop topic and stimulates
thinking outside of daily routines as Plattner et al. (2009) recommend for innovation related
exercises. After a short introduction of the workshop and its agenda, an exercise is conducted,
where the interviewees brainstorm what they consider important for innovation capability.
The results are compared to MaSCICMAF to set the scene of the following innovation capabil-
ity assessment as mentioned focus group interview. In the end, participants are asked which
innovation capabilities and short comings of those they consider most relevant for improve-
ment. The workshop finishes with an outlook of strategizing to develop innovation capability
in another workshop. These workshops are explained in chapter 8. After the workshops par-
ticipants are asked to provide feedback on the workshops. The agenda of the innovation ca-

pability audit workshop can be summarised as follows:

1. Workshop introduction and audit aims

2. Exercise: What is innovation capability for you?
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MaSCICMAF: What is innovation capability in academic literature
Innovation capability audit: Focus group interviews

Exercise: Which innovation capability dimensions are most relevant for you?

A

Next steps: The strategizing workshop

Innovation capability audit Workshop Type 1 aims at analysing the innovation capability at
company level. A non-probability sampling approach is pursued, ending in the identification
of two companies which operate in the same aerospace supply chain in Scotland. They vary in
size and position in the supply chain. Company 1 is a large international TIER 1 supplier.
Company 2 is a SME operating in a TIER 2 position supplying company 1. For each company a
separate workshop is carried out to ensure that the interviewees share the necessary infor-
mation with the researcher and that there are no concerns about sharing company interna
with another company. For the workshops the companies send three to four interviewees.
Following a non-probability sampling approach again, these are senior managers with supply
chain, research and development, operations, or general management backgrounds as these
can provide the necessary information needed for the innovation capability assessment. De-

tails about the participants from both companies can be found in Table 6-2.

Table 3-8 Pilot study participants on company level

Company Size Tier stage Participant occupation

Company 1 Large multinational TIER 1 Operations manager
Operations manager
Research and development manager

Supply chain manager

Company 2 National SME TIER 2 Managing director
Research and development manager

Research and development manager

For the supply chain scoring model of MaSCICMAF a single workshop is carried out. The sam-
pling is non probabilistic here as well. A total of nine experts participates. These experts rep-
resent two different public industry support organisations, one private industry support or-
ganisation, and three different companies operating in or with the same supply chain as the

companies analysed on the company level. The variety of backgrounds ensures maximisation
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of data from all relevant perspectives. More details about the background of these experts can

be found in Table 6-2.

Table 3-9 Pilot study participants on supply chain level

Participant

Role

Organisation type

Participant 1

Aerospace supply chain specialist

Public industry support organisation 1

Participant 2 Manufacturing supply chain specialist Public industry support organisation 1
Participant 3 Aerospace supply chain specialist Public industry support organisation 2
Participant 4 Aerospace supply chain specialist Public industry support organisation 2
Participant 5 Aerospace industry engagement officer Public industry support organisation 2
Participant 6 Aerospace supply chain lead Private industry support organisation
Participant 7 CEO Private company 1

Participant 8 CEO Private company 2

Participant 9 Managing director Private company 3

All workshops are carried out as virtual workshops using Microsoft teams as communication
tool and Miro as virtual note board. The decision for virtual workshops is based on the num-
ber of different interviewees’ locations, time and cost implications. All workshops take place

between December 2021 and March 2022 and last between two and three hours.

For field validation, observation as research method is used. In detail the participant as ob-
server method is used. This is a suitable method for validation as the researcher can observe
first-hand how the application of MaSCICMAF is conducted (Saunders et al., 2016). The work-
shop host is the observer in this case, meaning it is a participant as observer situation. The
participant observer as research method alone has been criticised to lead to data limited in its
validity and reliability. The participant observer might misinterpret situations because of per-
sonal experience or lack of experience in the situation that is observed (Saunders et al., 2016).
To moderate these issues, secondary observation data is collected from other participants of
the workshops as well. They reflect on their observation through a feedback questionnaire
which can be found in the appendix A.C6.9. All different perspectives give a concise picture of
the success of the application of MaSCICMAF in terms of the principal of ‘intellectual arbitrage’
(Van de Ven and Johnson, 2006). The participant observer also might influence the other par-

ticipants in a way that the data becomes invalid (Spano, 2005). To avoid this issue, Saunders
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et al. (2016) suggest that the observer stays in the background as much as possible and just

interferes with the other participants where needed.

3.4.3.2 Method future scenario strategizing - scenario development (chapter 7)

To validate the framework as a strategy tool a future scenario approach is taken. Future sce-
nario strategizing is a methodology which is frequently used in business contexts to explore
different alternative futures and how the business can react to these scenarios (Hiltunen,
2009, Schoemaker, 1991, Fontela and Hingel, 1993). This methodology creates scenarios
which reflect all plausible futures and therefore, it helps future strategizing in a holistic way

(Jetter, 2003). Kahn and Wiener (1967) define future scenarios as:

“a set of hypothetical events set in the future constructed to clarify a possible chain of

causal events as well as their decision points”.

Innovation capability development as dynamic capability development affects many aspects
of a business and a supply chain on the supply chain level. Such changes are not realised with-
in a short period of time (Danneels, 2011). As the time scale is larger, external developments
over time to a supply chain and its businesses become important. Mega trends might impact
which aspects of innovation capability are more relevant to develop than others which chang-
es over time. Thus, short-term static capability development methods are not useful for this
study. Future scenario strategizing in contrast offers the necessary flexibility in strategy to
react to these potential changes in megatrends over time. However, the future scenario
strategizing approach has not been applied to innovation capability building yet in an aca-

demic setting.

Scenario strategizing enhances sense making, it moderates cognitive bias, and it especially
supports informed decision making (Amer et al., 2013, Varum and Melo, 2010, Schoemaker,
1995). Wack (1985) states that scenario planning improves an organisation’s capability to
cope with uncertainty and is therefore the basis of all strategy planning. Schoemaker (1991)

adds that future scenarios support challenging the status quo of businesses.

Future scenarios are a set of possible and plausible futures as reflecting an organisation’s
changing environment as a result of different trends and their combinations (Amer et al,,

2013, Schoemaker, 1995, Fontela and Hingel, 1993). Scenarios aim at capturing all plausible
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future developments. The range of possible outcomes is a reflection of uncertainty of the fu-
ture (Pillkahn, 2008). Reflecting all plausible futures, helps future strategizing in a holistic
way (Jetter, 2003). Godet (2000) and Schnaars (1987) highlight that future scenarios are not a
precise prediction of the future. It is a methodology that helps broaden thinking about the
plausibility of different future developments. Future scenarios are also not the same as fore-
casting which aims to identify the most likely future. Forecasting is just useful for predictions
for the near future where little uncertainty is prevalent. Forecasting usually requires high lev-
els of details which scenarios cannot reach as the uncertainty is considerably higher on longer
time scales (Schoemaker, 1991). Martelli (2001) states that future scenarios provide the most
benefit when applied to a longer-term time scale. Average time scales are between ten and

twenty-five years, however in theory they can be applied to any time scale.

Schoemaker (1991) states that scenarios reflect general political, social, economic, and tech-
nological developments. These macro scenarios can be tailored to the special requirements an
industry might have, as some political changes might have different implications for different
industries. The implications for the industry influence suppliers, customers, and competitors

in that industry. This has implications for a single firm and influences decision making.

Future scenarios are built on the assumption that the future might not be similar to the pre-
sent and that an organisation’s environment might fundamentally change prompting strategic
renewal. Schoemaker (1991) points out that a scenario is a representation in considerable
detail of a possible future built on causal connections, internal consistency, and plausibility.
Scenarios describe the development over time of different futures and not solely the end state.
Normal time scales for scenarios are ten years or more. As innovation capability building
might cause fundamental changes in business culture the planning horizon needs to be of a
large scale and therefore scenario planning is a useful methodology in itself in the proposed
strategy building methodology. Schoemaker (1991) highlights that Scenarios are used on dif-
ferent organisational levels, including a world level, a country level, an industry level, and an
organisation level. Thus, this approach is applicable to the supply chain scoring model and the

company scoring model of MaSCICMAF.

The methodology consists of two parts. Future scenarios need to be developed before the

strategizing process itself can be conducted to answer research questions RQ-P3 and RQ-P4.
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There are different methodologies for creating future scenarios in literature. Some methodol-
ogies are quantitative, some are qualitative. As this research is overall located in the qualita-
tive realm, a qualitative methodology has been selected. Precisely the ‘Intuitive logics’ ap-
proach has been chosen. The intuitive logics approach is the most used approach in scenario
development (Wright et al.,, 2013). The approach can be used to create internally consistent
yet flexible scenarios with relatively little resources. However, the approach relies heavily on
the knowledge, commitment, credibility, and communication skills of the team members cre-
ating the scenarios (Huss and Honton, 1987). The other two main qualitative approaches to
scenario development, the ‘Probabilistic modified trends’ approach and the ‘La prospective’ or
French approach, are not further considered, as they require either the use of quantitative

tools or data (Wright et al.,, 2013).

For this research the intuitive logics methodology proposed by Wright et al. (2013) is used to
create a set of four scenarios. A set of four scenarios is considered the best cost vs accuracy of
scenarios ratio (Pillkahn, 2008). Wright et al. (2013)’s methodology consists of seven steps

which can be found in Figure 7-2.

1 2 3 4 5) 6 7
Teams
Drivin develop Ranking of
Data forceg clusters Clusters to Outcomes Impact
collection- from the Build Impact mapped for redictabili Stories /
workbook (trends) initial / each p N er Scenarios
v i : matrix
(Prepara- Teams dr1v1ng Predictabili comb{nqtlon y (Results)
>P populate in forces using ty Matrix - p051t}ve / (Results)
tion) Miro a process of negative
plausible
causality

Figure 3-6: Scenario development methodology proposed by Wright et al. (2013)

Whereas the steps two to six are carried out by an expert team in workshops. As the scenarios
aim at describing the future of manufacturing in Scotland for use in an innovation capability
context, experts represent the fields of supply chains management, innovation, strategy, as
well as one scenario development specialist who leads the development of the scenarios. All
participants are based in Scotland and work directly in manufacturing or have a strong con-
nection to manufacturing. Table 7-1 shows the experts’ backgrounds and professional roles in

detail.
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Table 3-10: Expert panel for developing scenarios for the future of Scottish manufacturing

Expert Area of expertise Role

1 Innovation and operations management Academic

2 Innovation and operations management Practitioner
3 Innovation ecosystems Academic

4 Corporate strategy Academic

5 Corporate strategy Academic

6 Supply chain management Practitioner
7 Supply chain management Practitioner
8 Scenario development Academic

The first step in preparation of the workshops is the creation of a workbook. The workbook is
a collection of literature sources describing different possible national and international fac-
tors affecting Scottish manufacturing. These resources cover developments in technology,
economy, politics, society and can be academic and non-academic. The workbook functions as

a basis of knowledge for the development of the scenarios.

Step two is the first step which is completed by the expert panel during a workshop. From the
factors described in the workbook, the experts select the trends which they consider most
important. Step three aims at clustering these trends to driving forces. Within a driving force
plausible causality connections are drawn between trends. Thus, cause effect chains can be
established, reinforcing the credibility and reliability of the scenarios. Step four consists in the
ranking of these driving forces for their impact on Scottish manufacturing and for the predict-

ability of the real impact that the driving forces might have.

Step five aims at identifying the two critical driving forces with the highest impact and highest
uncertainty of future development. Step six is the creation of the impact predictability matrix,
which sees the two critical driving forces opening up a two-dimensional qualitative grid. The
axes cover positive and negative developments of the respective driving force. The result is a
grid with one quadrant showing a positive development for both main driving forces, two
quadrants with a positive development for one of the main driving forces and a negative for
the other, as well as a negative development for both critical driving forces. For each quadrant
all driving forces are described in relation to the quality of the two critical driving forces. Step

seven sees the translation of the short descriptions of the quadrants into narratives. Part of
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step seven is the validation of plausibility and internal consistency of all narratives. This is

validated by each expert individually.

Due to the Covid-19 pandemic the workshops are executed online using Microsoft teams for
communication and Miro as a virtual note board. In total, three workshop sessions, each 2
hours long, are carried out in June 2021. The researcher acts as participant while an external

expert facilitator leads the scenario development process.

3.4.3.3 Method future scenario strategizing - strategy development (chapter 8)

Scenario strategizing aims at creating strategies for scenarios. In detail, each created strategy
should be an organisation’s internal reaction to the external impact that the developments
stated in each scenario have on the organisation. Scenario strategizing is the extension to the
future scenario approach discussed in chapter 7.

For scenario strategizing, the approach by Wright et al. (2013) is followed. This is the exten-
sion of the scenario development process used in chapter 7. This approach suggests creating
strategic actions for each scenario for each driving force development. As the present re-
search aims at developing innovation capability strategically, based on the results of the inno-

vation capability audit in chapter 6.

Strategizing is conducted as a strategizing workshop. As for the innovation capability assess-
ment, one workshop is conducted for each company for the company scoring model of MaS-

CICMAF and one workshop is conducted for the supply chain level.

The strategizing exercise just like the audit exercise is embedded in other activities. Before
the workshop, participants are asked to familiarise themselves with the in chapter 7 devel-
oped future scenarios in preparation for the strategizing workshop. The workshop starts with
an introduction to scenario strategizing. After participants are reminded of the results of the
innovation capability audit, the scenarios are presented. Participants can comment and sug-
gest changes. This serves as further field validation of the scenarios. During the actual strate-
gizing process.

This is the formal agenda of the strategizing workshop:

1. Workshop introduction and strategizing aims
2. Recap innovation capability audit results

3. Presentation and discussion of future scenarios for manufacturing in Scotland
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Selection of innovation capability dimensions of interest for development
Develop strategic actions for each scenario

What support is needed from policy side?

N o s

Wrap up

After the workshop participants are asked to provide feedback on how useful they find the
workshop, the scenario strategizing method in the applied way, and where they think im-
provements could be made. This feedback is a structured questionnaire. It serves as base of

the pilot case study for validation of the scenario strategizing methodology.

The participants of each workshop are the same as for the workshops conducted for the inno-
vation capability assessment. An overview of participants of both companies for the company

scoring model can be found in Table 8-1.

Table 3-11: Workshop participants for strategizing for the company level

Company Size Tier stage Participant occupation

Company 1 Large multinational TIER 1 Operations manager
Operations manager
Research and development manager

Supply chain manager

Company 2 National SME TIER 2 Managing director
Research and development manager

Research and development manager

Participants of the supply chain group for the supply chain level, covering different public and
private industry support organisations for the aerospace sector in Scotland and a total of
three companies operating this supply chain, can be found in Table 8-2.

Once strategies are developed for the different companies and the supply chain for improving
innovation capability, recommendations for policy makers in Scotland are developed. They
are derived from the strategic actions as well as from the outcome of the status quo of the in-
novation capability assessment in chapter 6 and the results of the interviews conducted in

aerospace sector in chapter 5.

Table 3-12: Workshop participants for strategizing for the supply chain level
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Participant

Role

Organisation type

Participant 1

Aerospace supply chain specialist

Public industry support organisation 1

Participant 2 Manufacturing supply chain specialist Public industry support organisation 1
Participant 3 Aerospace supply chain specialist Public industry support organisation 2
Participant 4 Aerospace supply chain specialist Public industry support organisation 2
Participant 5 Aerospace industry engagement officer Public industry support organisation 2
Participant 6 Aerospace supply chain lead Private industry support organisation
Participant 7 CEO Private company 1
Participant 8 CEO Private company 2
Participant 9 Managing director Private company 3

As analysis method inductive thematic coding is used. Categories within the frame of coding
and unit of analysis are developed. To create categories a thematic analysis approach is used

following (Mayring, 2004, Miles and Huberman, 1994), The codes used are:

. Open innovation

. Supply chain resilience

. Funding

. Skills shortage and education

For field validation of the scenario strategizing methodology for innovation capability devel-
opment, observation as research method (Saunders et al.,, 2016) is used again in the same way
it is used in chapter 6. To ensure reliability and validity of the collected data, the intellectual
arbitrage approach is followed again (Van de Ven and Johnson, 2006). The participant as ob-
server method leads to primary data and the qualitative feedback from other participants
leads to secondary data.

The workshops take place between March 2021 and May 2021. They are conducted online

using Microsoft Teams and Miro digital note boards and take about three hours in total.

3.5 Ethical considerations

To ensure the credibility and integrity of this research and of the participating researchers,
this study will be based on the following ethical principles as suggested by Saunders et al.

(2016). The integrity of the researcher will always be maintained. This includes always being
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truthful, trustworthy and open while avoiding misrepresentation of data or findings. It is

guaranteed that no conflicting interests arise during the conduction of this study.

This also means that participants are provided extensive information about the research, its
goals, and methodology. Thus, an informed consent between researcher and participant is
established. Participation in this research is entirely voluntary and the extend of participation
can be changed at all times. No participant is at risk of physical or psychological harm at any

time through the participation in this study and every participant is treated with respect.

Data is not collected beyond the scope of this research and not beyond individual participant’s
agreement. All collected data is handled confidentially to ensure the privacy of all participants.
This includes that all data is anonymised and exclusively stored on university servers. After
anonymisation it is not possible anymore to withdraw participation because the respective
dataset cannot be identified anymore and therefore it cannot be deleted anymore. Just in-
volved researchers have access to raw data. Findings are reported accurately even if they

show contradicting results.

All research conducted for this thesis including explicitly the methodology, has been approved
and supported by the University of Strathclyde Ethics Committee. All participants have been
provided extensive information about the research, data collection, data analysis, and access
to data in participation sheets. Every participant agrees to the conditions of participation by
signing consent forms. Participation information sheets for the different research methods

can be found in the appendix A.C3.1 and A.C3.2.

3.6 Summary

As this research aims at answering different questions of very different nature, at the end of
this chapter a summary is provided over how it is sought to develop answers to these ques-
tions. Table 3-13 acts as such overview and summary of the main points of each applied

method.
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Further, certain clarifications need to be made in order to ensure overall validity of this re-
search. The first remark is that for qualitative research, like the present one, Saunders et al.
(2016) state explicitly that research does not have to fulfil statistical viability like within
quantitative research. Merely, research in qualitative setting is considered valid and reliable

based on the appropriateness of the research methods and how they are applied.

The chosen maturity framework development methodology by De Bruin et al. (2005) has
been applied in many instances hence the methodology is valid and reliable. In detail, to en-
sure that the framework content and architecture are based on all available research, a struc-
tured content analysis with suitable search terms was carried out, which Saunders et al.
(2016) deem as an approach to generate reliable output. The academic validation of the

framework is carried out as suggested within De Bruin et al. (2005) methodology directly.

As in other contexts this form of validation has been considered reliable, in the present con-
text this is considered as reliable as well. The field validation of the framework is carried out
as a case study, again following De Bruin et al. (2005) methodology directly, creating reliabil-
ity of the research output as a consequence. De Bruin et al. (2005) a successful application
including adaptation of the maturity framework means formal validation in the field. Howev-
er, they also state, that even though this is a formal validation, technically the results of the
case study are only true for the case study setting. To increase the reliability the framework

needs to be applied in different contexts or case studies over time.

As for the interviews, as there is only a limited number of interviews conducted, the selection
of suitable participants significantly contributes to the validity and reliability of the research.
The selection criteria here ensure that participants have significant insights into the manufac-
turing respectively one of the subsectors and into the internal strategy of the organisations
they represent. Specially the industry support organisations have a pivotal role as they as an
organisation need to know what is going on these sectors. As the number of participants is
small, avoiding respondent’s bias is important. Therefore, questionnaires and precise wording

of questions are developed with an expert.

A few final remarks need to be made. Firstly, the researcher is facilitator of all research meth-
ods except the development of scenarios. Here an external facilitator was asked to conduct the
research as more expertise was needed. The researcher acted as participant of the develop-

ment of the scenarios.
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Secondly, there is a certain crossover of participants of the different research methods. It is
important to state that two of the people interviewed in chapter 5 also acted as participants
for the focus groups and the strategy workshops. As the research objective of research ques-
tion RQ-P1 in chapter 5 and the research questions RQ-P2 and RQ-P3 are not directly related,
the overlap has no influence on validity of this research. The overlap is shown as a Ven dia-

gram in Figure 3-7.

16 participants

11 of focus groups
particpants of and strategy
interviews workshops

chapter 5 Chapter 6 and

chapter 8

Overlap of
two participants

Figure 3-7: Overlap of participants of the different research methods

Research conducted within the case study, precisely chapter 6 the audit of the current status
of innovation capability and the strategizing for future improvements in chapter 8 is carried
out with the same group of people. This is because one builds on the other and both have dif-
ferent objectives. Hence, the hundred percent overlap have no influence on validity of the re-

search.

And now it is finally time to look at the development of the maturity framework for innova-

tion capability of supply chains in the following chapter...
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CHAPTER 4

DEeveLorInG AN INnovaTION CAPABILITY
MaTuriTY AssSESSMENT FRAMEWORK

fter establishing the need for creating a maturity framework for innovation capabil-
ity of supply chains in the last chapter, this chapter focusses on the systematic de-
velopment of such a framework. Hence, formally, this chapter aims at answering the

research question

RQ-Al: How can innovation capability maturity of manufacturing supply chains be

determined?

To answer this question the manufacturing supply chain innovation capability maturity
framework (MaSCICMAF) is developed. MaSCICMAF as maturity framework is based on the
idea that the higher the capability maturity level the better the performance of the application
of the capability (Crosby, 1996, McBride, 2010). Maturity frameworks are frequently used in

qualitative study as analysis tool, they are also frequently used as management tool to plan
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developments of organisations. Hence, this chapter and MaSCICMAF build the foundation to
analyse and plan strategies for improvement of innovation capabilities of supply chains in the
following chapters. For MaSCICMAF, innovation capability is considered a dynamic capability
under the resource-based view. This means that solely intangible aspects are considered,
availability of materialistic resources is not considered. Funding and financial resources are
not considered materialistic. The ability of accessing funding, however, is an important intan-

gible aspect and is covered.

MaSCICMAF itself is aims at analysing innovation capability maturity of supply chains. Supply
chains are considered socio-technical systems in this context following Behdani (2012), as
described in chapter 2. Hence, MaSCICMAF is built on the idea of the combination of internal
innovation capability of organisations operating in a supply chain and the innovation capabil-
ity of the collaboration of these organisations along the supply chain as innovation system.
MaSCICMAF further is built on a multidimensional approach to cover all relevant aspects of
innovation capability. MaSCICMAF is a solely literature-based framework, that seeks practi-

tioner relevance through validation and testing with practitioners.

This chapter is organised in the way that in the beginning the approach of maturity frame-
works and maturity assessments is revisited as review of the methodology in chapter 3. Then
results of the applied, methods, MaSCICMAF itself, is presented in section 4.2 and serves as
the formal answer to research question RQ-A1l. The chapter ends with a conclusion and criti-
cal assessment of MaSCICMAF. It is important to note that the framework evolved during the

research and the different validation stages. Only the final result is presented in this chapter.

It is important to state that this chapter only presents MaSCICMAF in its final version after
several rounds of reviewing and that it has been published in parts in the following confer-

ence publication:

Reckordt, T. (2021). Innovation Capability Measurement in Manufacturing Supply
Chains-A Research Agenda. In ISPIM Conference Proceedings (pp. 1-12). The Inter-

national Society for Professional Innovation Management (ISPIM).
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4.1 Review of maturity assessment methodology

For the present research, the methodology for developing maturity models developed by De
Bruin et al. (2005) is used. This methodology emerged from different specialised maturity
assessment methodologies like for example capability maturity model integration (CMMI).
The reason for using De Bruin et al. (2005)’s methodology and no specialised methodology
like the CMMI lays in the nature of innovation capability. De Bruin et al. (2005) allow a holistic
approach including all factors impacting capability maturity. Specialised methods like the
CMMI only allow other capabilities to be included in the creation of a new capability maturity
model. Innovation capability in its nature, however, is highly influenced by factors which are
not directly capabilities. For example, the availability of funding plays a major role for innova-
tion capability (Saunila, 2019), supply chain structure (Zimmermann et al., 2016) or regula-
tion (D’Este et al., 2012). De Bruin et al. (2005) methodology consists out of six different stag-

es which are shown in Figure 4-1.

Scope Design Populate Test Deploy Maintain

Figure 4-1: Methodology for the development of maturity assessment (De Bruin et al,, 2005)p3

In phase (1) the scope of the assessment has to be defined. The scope in this context refers to
the focus of the assessment and the development stakeholders. These decisions influence all
later phases. Phase (2) aims at designing the maturity assessment framework respectively
define its architecture. In phase (3) the content of the framework is developed. This contains
what will be measured and how it will be measured. As basis for stage 2 and 3, a structured

content analysis is used. Search terms are provided in Table 4-1.

Table 4-1: Selection terms for content analysis

Term 1: Innovation capability relation Term 2: Measurement relation
Innovation capability Measurement

Innovation capacity Measuring

Innovation performance Dimensions

Innovativeness

115



As data base the University of Strathclyde library database is used. Analysis takes place using

an abductive coding approach with the following pre-set codes:

B [nnovation capability dimensions

B Innovation barriers

Phase (4) ensures that the framework is tested for validity and reliability. This includes the
framework content as well as the assessment system. This is done in two ways. First, an ex-
pert panel examines the framework, then as field validation the framework is applied as audit
tool and as strategy tool as case study. This is caried out in chapters 6 and 8. Phase (5) consist
in the application of the maturity assessment. This also includes ensuring the broad availabil-
ity of the maturity assessment. Phase (6) aims at constant improvement and constant use of
the maturity system which is excluded from this research.

All details about the methodology can be found in chapter 4.

4.2 Answer to research question RQ-A1: The manufacturing supply chain

innovation capability maturity framework (MaSCICMAF)

The answer to research question RQ-A1 is the ‘manufacturing supply chain innovation capa-
bility maturity framework’ (MaSCICMAF). Before MaSCICMAF is explained in detail, general

requirements need be addressed. These are shown in Table 4-2.

After having set these constraints, the framework architecture itself shall be described. It is
important to note that the framework and its architecture as described in this chapter repre-
sent a final state of the framework. A number of iterations for validation have been gone
through at this point as described in chapter 3.4. The scope of MaSCICMAF is to analyse the
current state of innovation capability maturity of a manufacturing supply chain, whereas the
supply chain is considered a socio-technical system as Behdani (2012) suggest. The supply
chain is understood as the physical supply chain which is directly involved in the production
of goods. Service and finance providers are considered inputs to the system. The design is
general enough to be applicable in different supply chains in different manufacturing indus-
tries. Different maturity stages provide not only the option of assessing the status quo of in-
novation capability of a supply chain. They also act as guidance for strategic improvements in

different innovation capability dimensions (see chapter 8).
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Table 4-2: Requirements the framework must meet

Criterion Focus
1. Who is the framework for? Management in manufacturing enterprises, industry support
organisations

2. Why should the framework be applied?  For an organisation’s internal innovation capability assessment
and to identify areas for improvement on company scoring
model or to analyse an entire supply chain and develop target-
ed support to raise innovation capability throughout the supply
chain

3. How to apply the framework? The assessment is a tool being applied with a specialist present

4. Who is needed to apply the framework?  For analysis of the results an innovation capability specialist is
needed

5. What can be achieved? Determination of current innovation capability of a company or
an entire supply chain and future scenarios for improvement

(applicable in a crisis or non-crisis context)

MaSCICMAF is based on a socio-technical system approach to supply chain as innovation sys-
tem as it is described in chapters 1 and 2. This means that MaSCICMAF contains technological
and social aspects. As it is important to connect MaSCICMAF to already existing approaches to
supply chains in companies, the SCOR model is used as modelling approach, as it is the stand-
ard model in many industries (Li et al.,, 2011, Zhou et al., 2011, Delipinar and Kocaoglu, 2016)
and has been used for similar purposes in similar studies (see: Abderrazak and Youssef
(2022), Krishnan et al. (2021), Ehie and Ferreira (2019)). As Krishnan et al. (2021) state, the
development of innovation along a supply chain takes places in the two SCOR planning levels,
the intra planning level of single companies (L1) and the inter planning level (L2) along the
supply chain (see Figure 4-2). The other SCOR levels refer to everyday supply chain opera-
tions (Ntabe et al., 2015) and are, hence, not relevant for the creation of MaSCICMAF.

MaSCICMAF addresses both intra planning level (L1) as a systems agent level and the inter
planning level (L2) as the interaction of the system agents. Less abstract, this means that the
agent level refers to innovation capability of organisations operating within the supply chain.
For MaSCICMAF, this is referred to as the company scoring model (CSM). The context and eco-
system level describes the interaction of agents within the supply chain and the wider context
the supply chain operates in. Within MaSCICMAF this level is called the supply chain scoring
model (SCSM). Each supply chain within the same industry is influenced by the same industry
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factors. These industry factors are modelled as system input. Supply chain modelling for MaS-
CICMAF is at an abstract level as MaSCICMAF requires a broad approach covering different
supply chain setups. This means that it is recognised that the different agents within a supply
chain are connected in a certain way. In which way they are connected is not reflected. This,
approach allows straight supply chains, it allows loops, and it allows complex supply net-
works to be covered. A graphic representation of the supply chain model is shown in Figure

4-2.

MaSCICMAF follows a multidimensional approach as used by Iddris (2016) and Iddris (2018)
to develop a holistic framework that covers all relevant aspects of innovation capability. The
structured content analysis has led to a set of innovation capability dimensions (ICD) for CSM
and SCSM. Following the homogenisation and abstraction approach by Wade and Heydari
(2014) to reduce complexity, ICDs are divided into two sections. Thematic similar ICDs are
clustered, clusters forming the top-level section of ICDs. These are shown in Table 4-3. It is
recognised that these ICDs are not independent and influence each other. Nevertheless, it can
be said that the innovation capability of a supply chain is the qualitative combination of the
innovation capability of the individual firms operating in the supply chain and the innovation

capability of the supply chain as innovation eco system by reversing the systems approach.

Table 4-3: Innovation capability dimensions (ICD) for the company scoring model and the supply

chain and industry level

Company scoring model Supply chain scoring model

C1 Organisational culture und leadership SC1 Supply chain structure and governance
C2 Entrepreneurship and strategy SC2 Supply base

C3 Knowledge management and technology adoption SC3 Public supply chain support

C4 Innovation strategy, communication, and open innovation
C5 Organisational learning and absorptive capacity (innova-
tion process)

C6 Individual skills and learning

These ICSMs contain capabilities and impact factors. This differentiation is important as not
all factors impacting innovation capability are capabilities themselves, yet they play signifi-

cant role for enabling innovation and building capability. In different terms, they relate to in-
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novation barriers. This differentiation is possible in the present case, as the methodology for

maturity framework development by De Bruin et al. (2005) explicitly includes this option.

3onpoxd
TeuTa

uInyay iy
I9ATT2q :d
SYEW W
adaIneg :g

(WsS23)
Tepon burtrong uTteyn Atddng 707 STSRQ SB TeasT burtuuerd I3jUl 2T
(WSD) Tepow furioog Aueduwo) I0J] SISeq se [aasy] buruuerd BIjul :TT

]
]
e
]
I
I
|

uteyy Atddng erjur

T90NPpOoIg
TeTIO}eH MeY

TeTIolem
ney

Figure 4-2: Adapted SCOR model MaSCICMAF is based on

119



Figure 4-3 shows the graphic representation of MaSCICMAF. It is divided into the supply chain
scoring model and the company scoring model. System input into the supply chain as a system
is represented as well. The graphic representation only shows the ICDs for one company ex-
emplarily. This representation is the same for all companies operating in the supply chain.
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The framework consists of three different maturity stages. Even though many maturity mod-
els use five stages, Wendler (2012) clarifies that the number and characteristics of maturity
stages can be freely chosen. Due to high complexity of the framework the stages are limited to
three. These stages are shown in Table 4-4. They describe a stage of innovation capability ei-
ther being reactive, adaptive, or proactive. In consecutive research more maturity stages

could be developed for more granularity.

Table 4-4: Maturity stage definitions

Maturity level Definition

1 - reactive Innovation takes place as a reaction to changing external conditions. Innovation is
considered a one-time project. No formal management of innovation exists. Innovation
success factors are just occasionally used to support innovation.

2 - adaptive Innovation is a systematically managed process that constantly occurs. Innovation
success factors are used to systematically support innovation.

3 - proactive Innovation is used proactively to create competitive advantage. Innovation manage-
ment is systematic and constantly improved. Innovation success factors are constantly

improved to support innovation.

In the following it is explained what exactly the different ICDs are, if they are a capability or an
impact factor (IF), and what academic source refers to them from the literature search. Fol-
lowing the architecture of MaSCICMAF, the company scoring model ICDs are explained, then
the supply chain scoring model ICDs. The definitions for the different maturity stages for each

ICD can be found in the appendix chapter 4 where the full framework is accessible.

4.2.1 The company scoring model

For the company scoring model the first dimension C1 ‘organisational culture and leadership’
refers to the attitude of leadership and the general organisation towards innovation and
change. ‘Organisational culture and leadership’ is the basis that influences all other dimen-
sions as an organisation’s culture and leadership make or influence decisions which impact all
other dimensions of innovation capability. Little surprisingly, the promotion of innovation
and the living of a change culture positively influence innovation capability as Fell et al.
(2003) find. Sankowska and Paliszkiewicz (2016) add that personal employees’ openness to-
wards innovation and change is as important as organisational promotion. Saunila (2017a)

states that a well-managed risk-accepting and a risk-taking culture positively influences inno-
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vation capability. Nilsson and Ritzén (2014) and Weissenberger-Eibl and Schwenk (2009)
argue that especially a participatory leadership style and decision making have a positive in-
fluence. Additionally, Iddris (2016) highlights the importance of direct informal communica-
tion of initiatives, whereas Saunila (2017a) emphasis the impact of communication of success-
ful innovation initiatives throughout the organisation. These subdimensions, including if they
are capabilities or impact factors supporting capability building can be found in Table 4-5. All
subdimensions are considered capabilities as they represent activities which lay within the

firm’s responsibility, and which can be executed by the firm itself.

Table 4-5: Subdimensions of ICD C1 - Organisational culture und leadership

Subdimensions Capability or IF  Source
C1.1 Risk acceptance and risk Capability Saunila (2016), Iddris (2016), Chang et al. (2012),
management Saunila et al. (2014), Haldma et al. (2012), Rahman

et al. (2015), Direction (2019), Sankowska and Pal-
iszkiewicz (2016), Saunila (2017a), Durst and Fer-

enhof (2016)

C1.2 Ambition, promotion of inno-  Capability Iddris (2016), Chang et al. (2012), Saunila et al.
vation and change, openness (2014), Haldma et al. (2012), Sicotte etal. (2014),
towards change, and commu- Purwanggono and Amalia (2019), Fell et al. (2003),
nication of success Sankowska and Paliszkiewicz (2016), Lee et al.

(2014), Saunila (2017a), Friedrich and Hiba (2016),
Arzubiaga and Iturralde (2014)

C1.3 Leadership practices, com- Capability Nilsson and Ritzén (2014), Saunila and Ukko (2013),
munication and decision mak- Saunila (2016), Iddris (2016), Chang et al. (2012),
ing Saunila et al. (2014), Haldma et al. (2012), Vicente et

al. (2015), Rahman et al. (2015), Direction (2019),
Purwanggono and Amalia (2019), Weissenber-
ger-Eibl and Schwenk (2009), Saunila (2017b), Sau-
nila (2017a)

There are three innovation capability dimensions on the organisational level which are influ-
enced by the organisational culture and leadership which themselves influence the ability to
host the innovation process itself. One of these is C2 ‘entrepreneurship and strategy’. For ex-
ample, Sicotte et al. (2014) and Kauf and Kniess (2014) state a positive correlation between
continuous strategic renewal and innovation capability. This correlation is intensified if sup-

ported by organisational flexibility and agility (Saunila et al., 2012, Kamaruddeen et al., 2009).
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Additionally, a highly entrepreneurial mindset of a company’s leadership has a similar effect
(Saunila, 2019). A high diversity of products and broad customer base also have a supporting
effect on innovation capability (Detarsio et al.,, 2016, Sicotte et al., 2014). Kauf and Kniess
(2014) state that supply chain resilience and a broad supplier base influence innovation ca-
pability positively as well. These subdimensions, including if they are capabilities or impact
factors supporting capability building can be found in Table 4-6. C2.1 to C2.5 are considered
capabilities as they describe activities which the firm is responsible for. C2.4 refers to the ca-
pability to building supply chain resilience and not the supply chain resilience as a status quo.
C2.6 is considered an impact factor, as the existing diversity of products, services, and cus-
tomers impacts innovation capability in the present. The capability of developing new prod-

ucts, services, markets for the future, is represented by C2.3 already.

Table 4-6: Subdimensions of ICD C2 - Entrepreneurship and strategy

Subdimensions Capability or IF  Source
C2.1 Strategic renewal and flexi- Capability Sicotte et al. (2014), Lee etal. (2014), Durstand Fer-
bility (Change management) enhof (2016), Detarsio et al. (2016), Kauf and Kniess
(2014)
C2.2 Organisational flexibilityand  Capability Janssen et al. (2016), Saunila et al. (2014), Haldma et
agility al. (2012), Kamaruddeen et al. (2009), Weissen-

berger-Eibl and Schwenk (2009), Sankowska and
Paliszkiewicz (2016), Saunila (2017b), Durst and
Ferenhof (2016), Friedrich and Hiba (2016), Detarsio
etal. (2016), Kauf and Kniess (2014)

C2.3 Entrepreneurial capability Capability Detarsio etal. (2016), Kauf and Kniess (2014)
C2.4 Supply chain resilience Capability Sicotte et al. (2014), Kauf and Kniess (2014), Kurtz
and Varvakis (2016)
C2.5 Accessing of innovation sup-  Capability Iddris (2016), Chang et al. (2012), Saunila (2019)
port and funding
C2.6 Diversity of products / ser- IF Detarsio etal. (2016), Kauf and Kniess (2014)

vices and diversity of cus-

tomers

The next ICSM is C3 ‘Knowledge management and technology adoption’. Saunila (2017b) and
Sicotte et al. (2014) highlight the importance of active knowledge and idea management for
innovation capability. Especially, the contribution to knowledge and the access of knowledge

are important. Further, in technology-oriented companies this also refers to building
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knowledge about technology in terms of the adoption of new technology. Especially, technolo-
gy adoption strategies and standardised processes show a positive impact on innovation ca-
pability (Kamaruddeen et al., 2009, Vicente et al., 2015). These subdimensions, including if
they are capabilities or impact factors supporting capability building can be found in Table
4-7. Managing knowledge and ideas, as well as adopting new technology are both considered

capabilities.

Table 4-7: Subdimensions of ICD C3 - Knowledge management and technology adoption

Subdimensions Capability or IF  Source

C3.1 Knowledge management, Capability Saunila and Ukko (2013), Saunila (2016), Belkahla
idea management, and and Triki (2011), Iddris (2016), Chang et al. (2012),
knowledge sharing Saunila et al. (2014), Haldma et al. (2012), Sicotte et

al. (2014), Rahman et al. (2015), Kamaruddeen et al.
(2009), Lee etal. (2014), Danks et al. (2017a),
Saunila (2017b), Danks etal. (2017b), Saunila

(2019)
C3.2 Technology adoption strate-  Capability Changetal. (2012), Vicente et al. (2015), Direction
gy and processes (2019), Fell et al. (2003), Kamaruddeen et al. (2009),
Detarsio etal. (2016), Arzubiaga and Iturralde
(2014)

The innovation capability dimension C4 ‘Innovation strategy, communication, and open inno-
vation’ refers to the positive impacts of innovation strategies including open innovation on
innovation capability building (Vicente et al., 2015, Rahman et al., 2015, Nilsson and Ritzén,
2014). Purwanggono and Amalia (2019) and Belkahla and Triki (2011) explicitly state that
open innovation practices, collaboration and active data sharing enhance innovation capabil-
ity. However, Iddris (2016) specifies that an innovation strategy needs to be in line with the
competitive strategy and needs to be supported with sufficient funds to raise innovation ca-
pability. Besides an appropriate innovation strategy, Saunila (2016) finds that appropriate
measures for innovation success are needed. These subdimensions, including if they are capa-
bilities or impact factors supporting capability building can be found in Table 4-8. C4.1 and

C4.2 are both considered capabilities in themselves.
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Table 4-8: Subdimensions of ICD C4 - Innovation strategy, communication, and open innovation

Subdimensions Capability or IF  Source

C4.1 Clear innovation strategy Capability Saunila and Ukko (2013), Nilsson and Ritzén (2014),
aligned with company strat- Saunila (2016), Iddris (2016), Chang et al. (2012),
egy and innovation meas- Saunila et al. (2014), Vicente et al. (2015),
urement and adequate re- Raghuvanshi et al. (2019), Rahman etal. (2015),
course allocation Purwanggono and Amalia (2019), Danks et al.

(2017a), Saunila (2017b), Danks etal. (2017b),
Saunila (2019)

C4.2 Cooperation with suppliers,  Capability Janssen et al. (2016) Saunila and Ukko (2013),
customers, public institu- Belkahla and Triki (2011), Iddris (2016), Chang et al.
tions, and openness to share (2012), Saunila et al. (2014), Raghuvanshi et al.
information and to adopt (2019), Rahman etal. (2015), Purwanggono and
new outside knowledge Amalia (2019), Weissenberger-Eibl and Schwenk

(2009), Lopes and Farinha (2018), Danks et al.
(2017a), Saunila (2017b), Aloini etal. (2015), Danks
etal. (2017b), Saunila (2019), Biazzo and Filippini
(2021)

The next dimension C5 is called ‘Organisational learning and absorptive capacity’. This di-
mension refers to the innovation process itself and the capability of hosting it, which is influ-
enced by the before mentioned organisational innovation capability dimensions and the fol-
lowing individual innovation capability dimension Cé. For this study the concept of absorptive
capacity has been adopted as a well-recognised abstraction of any organisational learning
process and innovation process as already shown in chapter 2.3.2. In detail, the concept de-
veloped by Zahra and George (2002) is used as the predominant concept in literature. Besides
Zahra and George (2002) also Machikita and Ueki (2015) and Belkahla and Triki (2011) high-
light correlations between innovation capability and absorptive capacity as well as the capa-
bility to host the innovation process. These subdimensions, including if they are capabilities
or impact factors supporting capability building can be found in Table 4-9. All subdimensions
are explicitly considered capabilities as the subdimensions C5.1 to C5.4 represent the innova-

tion and organisational learning process itself.
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Table 4-9: Subdimensions of ICD C5 - Organisational learning and absorptive capacity (innova-

tion process)

Subdimensions Capability or IF  Source

C5.1 New knowledge and skills Capability Belkahla and Triki (2011), Machikita and Ueki
identification and acquisi- (2015), Zahra and George (2002)
tion (acquisition)

C5.2 New knowledge and skills Capability Belkahla and Triki (2011), Machikita and Ueki
integration (assimilation) (2015), Zahra and George (2002)

C5.3 Application of knowledge Capability Belkahla and Triki (2011), Machikita and Ueki
and skills (transformation) (2015), Zahra and George (2002)

C5.4 Application of knowledge Capability Belkahla and Triki (2011), Machikita and Ueki
and skills (transformation) (2015), Zahra and George (2002)

The sixth innovation capability dimension of the company scoring model is C6 ‘individual cre-
ativity, skills and learning’. It refers to skills which employees hold on an individual level, and
which the company can use. The levels of individual skills and expertise, just like organisa-
tional factors, influence the ability to host the innovation process. In-depth technical skills in a
special field of knowledge are significant to develop innovation in this field (Saunila, 2016,
Kamaruddeen et al., 2009). For innovation capability in-depth knowledge and skills about
innovation are as important (Purwanggono and Amalia, 2019, Saunila et al., 2012). Besides
organisational learning, individual learning has a positive impact on innovation capabilities.
This is necessary to adjust to changes of the environment on a personal level. However, com-
panies should facilitate the individual learning process (Sicotte et al., 2014, Saunila, 2016).
These subdimensions, including if they are capabilities or impact factors supporting capability
building can be found in Table 4-10. C6.1 and C6.2 are considered impact factors and not ca-
pabilities, as the present state of skills is referred to. C6.4 is as well considered an impact fac-
tor as it solely refers to the availability of options for learning. C6.3 continuous individual will

for learning is the capability developing C6.1 and C6.2 for the future based on C6.4.
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Table 4-10: Subdimensions of ICD C6 - Individual skills and learning

Subdimensions Capability or IF  Source

C6.1 Individual skills in one’s field IF Janssen et al. (2016) Saunila and Ukko (2013), Iddris
of knowledge (2016), Chang et al. (2012), Kamaruddeen et al.

(2009), Saunila (2017b), Saunila (2017a)

C6.2 Individual knowledge and IF Iddris (2016), Purwanggono and Amalia (2019),
skills about innovation Saunila (2017a)

C6.3 Individual continuous will Capability Janssen et al. (2016), Saunila and Ukko (2013),
for learning Saunila (2016), Iddris (2016), Chang et al. (2012),

Haldma et al. (2012), Sicotte et al. (2014), Sankowska
and Paliszkiewicz (2016), Saunila (2019), Saunila

(2017a)
C6.4 Availability of options for IF Saunila and Ukko (2013), Saunila (2016), Chang etal.
individual learning (2012), Saunila et al. (2014), Sicotte et al. (2014)

4.2.2 The supply chain and industry score model
The supply chain and industry level of MaSCICMAF comprises the innovation capability di-
mensions ‘supply chain structure and governance’, ‘supply base’, and ‘public supply chain

support’.

SC1 ‘Supply chain structure and governance’ essentially relates to how the supply chain is or-
ganised as a system. This is different for each supply chain. Lopes and Farinha (2018) high-
light the positive influence of fair treatment of all organisations along the supply chain and
responsibility taking have on the innovation capability of the supply chain.
Weissenberger-Eibl and Schwenk (2009) add the importance of mutual trust and reliability.
Essential for both is no misuse of power by large OEMs or TIER 1 suppliers. Good communica-
tion and openness towards data sharing along the supply chain have positive impacts on the
supply chain’s innovation capability. A committee which represents all members of the supply
chain equally can help set standards for collaboration and data sharing (Zimmermann et al,,
2016). Enkel et al. (2011) add that joint development activities between companies along the
supply chain and public support organisations as well as joint value capturing mechanisms
improve innovation capability of the supply chain. Whereas the mentioned factors have posi-
tive impacts, the following factors can have negative impacts on a supply chain’s innovation

capability. The length and the complexity of supply chains have negative impacts
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(Zimmermann et al., 2016). Further, the more a supply chain is regulated legally, the less ca-
pable of innovating it is (D’Este et al,, 2012, Gupta et al., 2020). Regulation however must not
be mistaken for collaboration standards which have a positive effect (Enkel et al., 2011). A
negative effect has also a general aversion of change and risk as Saunila (2017a) and Durst
and Ferenhof (2016) find. These subdimensions, including if they are capabilities or impact
factors supporting capability building can be found in Table 4-11. SC1.3, SC1.4, SC1.6, and
SC1.7 are considered impact factors as they are of structural nature and not an activity as

such. The other subdimensions are considered capabilities.

Table 4-11: Subdimensions of ICD SC1 - Supply chain structure and governance

Subdimensions Capability or IF  Source

SC1.1 Nature of collaboration, Capability Saunila and Ukko (2013), Belkahla and Triki (2011),
fairness, use of power, and Iddris (2016), Chang et al. (2012), Haldma etal.
responsibility (2012), Weissenberger-Eibl and Schwenk (2009),

Lopes and Farinha (2018), Saunila (2017b),, Saunila
(2019), Saunila (2017a)

SC1.2 Communication Capability Janssen et al. (2016) Saunila and Ukko (2013),
Belkahla and Triki (2011), Iddris (2016), Chang et al.
(2012), Saunila et al. (2014), Raghuvanshi etal.
(2019), Rahman etal. (2015), Purwanggono and
Amalia (2019), Weissenberger-Eibl and Schwenk
(2009), Lopes and Farinha (2018), Danks et al.
(2017a),, Saunila (2017b), Saunila (2019)

SC1.3 Reliability and trust IF Janssen et al. (2016) Saunila and Ukko (2013),
Belkahla and Triki (2011), Iddris (2016), Chang et al.
(2012), Saunila et al. (2014), Raghuvanshi et al.
(2019), Rahman etal. (2015), Purwanggono and
Amalia (2019), Weissenberger-Eibl and Schwenk
(2009), Lopes and Farinha (2018), Danks et al.
(2017a),, Saunila (2017b), Saunila (2019)

SC1.4 Regulation IF Zimmermann et al. (2016), Gupta etal. (2020), D’Este
etal. (2012), Zhu etal. (2012)
SC1.5 Change and risk attitude Capability Janssen et al. (2016), Saunila (2016), Iddris (2016),

Changetal. (2012), Saunila et al. (2014), Haldma et
al. (2012), Sicotte et al. (2014), Rahman et al. (2015),
Raghuvanshi et al. (2019), Rahman et al. (2015),
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Direction (2019), Fell et al. (2003), Sankowska and
Paliszkiewicz (2016), Lee et al. (2014), Saunila
(2017a), Durst and Ferenhof (2016), Friedrich and
Hiba (2016), Arzubiaga and Iturralde (2014)

SC1.6 Supply chain structure IF Zimmermann et al. (2016)

SC1.7 Supply chain visibility IF Wei and Wang (2010)

S$C1.8 Joint value capturing with Capability Saunila and Ukko (2013), Belkahla and Triki (2011),
supply chain members and Iddris (2016), Chang et al. (2012), Haldma et al.
public support organisa- (2012), Weissenberger-Eibl and Schwenk (2009),
tions Lopes and Farinha (2018), Saunila (2017b), , Saunila

(2019), Saunila (2017a)

The innovation capability dimensions SC2 ‘Supply base’ and SC3 ‘public supply chain support’
can be considered factors which apply to all supply chains within the same industry. In terms

of systems design, these dimensions are system inputs influencing the system supply chain.

The innovation capability dimension SC2 ‘Supply base’ comprises all companies operating in
an industry whether they belong to a certain supply chain or not. If the supply base is narrow,
it is more difficult to substitute existing suppliers which affects resilience (Sicotte et al., 2014,
Kauf and Kniess, 2014). In general, more competition leads to more innovation and i.a.
Kamaruddeen et al. (2009) and Vicente et al. (2015) find a positive correlation between inno-
vation capability and generally high adaptation capability of new technology throughout the
whole supply base. These subdimensions, including if they are capabilities or impact factors
supporting capability building can be found in Table 4-12. SC2.2 can be considered a capabil-
ity on supply chain level. SC2.1 is also be considered a capability like C2.4 supply chain resili-

ence of a single company, just with the focus on the whole of the supply base.

Table 4-12: Subdimensions of ICD SC2 - Supply base

Subdimensions Capability or IF  Source
SC2.1 Supply base resilience Capability Sicotte et al. (2014), Kauf and Kniess (2014), Kurtz
and Varvakis (2016)
SC2.2 Technology adoption capa-  Capability Changetal. (2012), Vicente et al. (2015), Direction
bility (2019), Fell et al. (2003), Kamaruddeen et al. (2009),
Detarsio et al. (2016), Arzubiaga and Iturralde
(2014)
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The dimension SC3 ‘public supply chain support’ refers to the positive impact of the availabil-
ity of public funding and skills and knowledge support for innovation capabilities, especially
of SMEs. Fundamentally is, however, that the funding is easily accessible (Saunila, 2019,
Iddris, 2016). Besides funding issues, especially SMEs, lack skills and expertise needed for
innovation initiatives. Therefore, public industry support offering specialised skills in differ-
ent engineering disciplines, in operations management, and innovation management have a
positive impact on innovation capability of a whole supply chain. This support needs to be
public to effectively strengthen financially limited SMEs as they cannot afford private offer-
ings to ensure more equality and fairness along the supply chains. These subdimensions, in-
cluding if they are capabilities or impact factors supporting capability building can be found in
Table 4-13. SC3.1 and SC3.2 are both considered impact factors and not capabilities are they
purely aim at availability of public support, as public support cannot be changed directly by

the supply chain organisation.

Table 4-13: Subdimensions of ICD SC3 - Public supply chain support

Subdimensions Capability or IF  Source

SC3.1 Availability of public fund- IF Iddris (2016), Chang et al. (2012), Saunila (2019)

ing for supply chain and
supply base development

SC3.2 Availability of public sup- IF Changetal. (2012)

port organisations for sup-
ply chain and supply base

development

4.3 Summary and next steps

In this chapter the framework MaSCICMAF was created. It is a literature-based framework
that describes the innovation capability of supply chains. For this purpose, a systems ap-
proach is used in connection with a basis in the SCOR model. The systems perspective is relat-
ed in the company scoring model and the supply chain scoring model, whereas the former
aims at describing innovation capability of a single company within a supply chain and the
later aims at analysing the interconnection of single companies within the supply chain they
operate in. MaSCICMAF with its three maturity stages also allows to classify if supply chains

have a more mature innovation capability or less mature one. This chapter solely presents the
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creation of MaSCICMAF up to a first testing with experts. This means that De Bruin et al.
(2005)’s methodology is followed up to stage 4 of Figure 3-2. A field test and the deployment
of the framework are yet to be executed. These steps are carried out as a case study with one
supply chain. In chapter 6 the framework is applied and validated as audit tool of the status
quo of innovation capability of a selected supply chain and in chapter 8 the framework is ap-
plied and validated as strategy making tool for improvement of innovation capability tool.
Which supply chain in which industry is used as a case study is the result of the following
chapter 5. The framework undergoes smaller changes as results of the field application in the

case study. The framework presented in this chapter is the final version.
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CHAPTER 5

PERCEPTION OF INNOVATION DURING

Covin-19

And then the Covid-19 pandemic hit the world, the UK, and Scotland....

s briefly discussed in the introduction to this research, this thesis is a thesis which
was created before and during the Covid-19 pandemic. The original idea behind
MaSCICMAF was to apply it to any suitable Scottish supply chain for field validation
of the research. It was also intended to derive strategies for improvement of innovation capa-

bility for that supply chain and provide recommendations for policy makers.

And then the Covid-19 pandemic hit the UK. MaSCICMAF still needs a field validation and the
creation of improvement strategies for innovation capability of a supply chain and policy rec-
ommendations were still on the table, but suddenly it made a very practical difference which
sector to choose for a supply chain to analyse. So, their became a question of very practical

relevance to this research. But in which sector would the application of MaSCICMAF and its
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field validation provide the most impact? This chapter has an intermediate role to answer this

question and to define the industry that will be focussed on for the rest of the thesis.

All industries were affected in some way, including all manufacturing sectors. Within the early
stages of the pandemic the decision was made to investigate manufacturing sectors further in
Scotland alone. This decision was made based on the fact that the University of Strathclyde
and the National Manufacturing Institute of Scotland where this research was conducted, are
located in Scotland and could provide significant connections and insight into Scottish manu-
facturing. As economic policies are mainly developed on the level of the devolved nations
within the UK, it was thought that the research would generate the biggest impact on a Scot-
tish level, for Scottish policy making alone. Even with these pre-decisions limiting the scope, a
lack of understanding of how the Covid-19 pandemic has impacted Scottish manufacturing
and its subsectors had to be faced. Whereas some public information was available on the
general commercial impact on different sectors, precise insights into the innovation behav-
iour remains under researched. Therefore, this chapter aims at developing a better under-

standing of this research gap and answer research question

RQ-P1: How did the Covid-19 pandemic change the view on innovation in Scottish
advanced manufacturing supply chains and which sectors especially need in-

novation capability support?

To answer this question manufacturing in Scotland is observed during the Covid-19 pandemic
for one and a half years between February 2021 and July 2022 with a special focus on the im-
portance of innovation behaviour, innovation barriers, and their changes over time. For this
purpose, two interview series are carried out. Interview series one takes place between Feb-
ruary and April 2021 capturing the Covid-19 impact of the early stages of the pandemic. In-
terview series two takes place between April and July 2022 capturing the second half of the
pandemic and the industry’s view of the future beyond the pandemic. Both series are divided
into two parts. Part one, aims at identifying the Covid-19 impact on the manufacturing sector
in Scotland in general. For this purpose, industry support organisations are interviewed. This
meta-approach is considered a suitable way of collecting the desired data, as these organisa-
tions have good insights into the sector through the companies they work with while they can
put insights of single companies into perspective of the wider manufacturing sector. Part two,

aims at analysing innovation behaviour and barriers over time in the aerospace, the food and
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drink, and the chemistry and pharmacy sector in particular. These three sectors have been
chosen as sectors of special interest following the initial findings in chapter 1.1. The aerospace
sector and the food and drink sector both had imminent substantial commercial consequenc-
es to suffer when international travel was halted and when hospitality was shut down. On the
other hand, the chemistry and pharmacy sector have seen opportunities arise through the
pandemic. Three companies of each of these sectors are interviewed to obtain first-hand in-
sights into their innovation behaviour and their particular challenges as sample companies
from the sector in addition to the results from the general interviews in part one. For clarifi-

cation Figure 5-1 shows the organisation of the interviews.

Focus

»
»

Interview series 1
2021

Interview series 2
2022

—
- g Interviews with Interviews with
ﬁ g industry support industry support
g 8 organisations 2021 organisations 2022

Interviews with
sector companies
2021

Interviews with
sector companies
2021

» Time

Part 2
Specific

Figure 5-1: Interview organisation divided into time and focus

This chapter first summarizes the methodological approach and the applied process of con-
ducting the interviews as described in chapter 3.4, Then findings are presented and dis-
cussed. At the end, research question RQ-R1 is formally answered, and it is explained what the

implications of this answer are and how later chapters of this thesis relate to them.

5.1 Review of expert interview method

Expert interviews are frequently used to investigate general topics of interest in exploratory

studies (Saunders et al., 2016, Goffin et al., 2006). Expert interviews offer an informal way of
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interacting with relevant knowledge holders. Important roles hold both the interviewer and
the interviewee. The researcher who acts as interviewer is considered an expert of theoretical
knowledge in the field of investigation. The interviewee is considered the holder of practical

knowledge. Conclusions are drawn based on both perspectives (Saunders et al., 2016).

In-depth interviews aim at exploring an individual’s specific perception of a topic of interest.
Usually, a small number of in-depth interviews is carried, expecting each interview to have a
different focus of interest based on different backgrounds (Saunders et al., 2016). The inter-
views with industry support organisations (interviews part 1, Figure 5-1) are conducted as in-
depth interviews because it is a broad approach to exploring the Covid-19 impact. For such a
broad approach Saunders et al. (2016) recommends this method. Usually, the interview is

started with an initial question and developed from there.

The semi-structured nature of the sector specific interviews (interviews part 2, Figure 5-1)
provides the option to leave pre-set questions and enter an open conversation. However, the
semi-structuring ensures that key topics are covered (Bell et al., 2022). This way a phenome-
non can be investigated in detail depending on the interviewee’s standpoint. Thus, data can be
maximised, and detailed descriptions can be deducted (Saunders et al., 2016). Consequently,
collected data varies from interview to interview depending on the interviewee’s background
and the context of the interview (Srivastava and Thomson, 2009). However, the semi-
structured nature also provides comparability to a certain extent. The freedom of going of
script while keeping comparability is an effective method to investigate a qualitative explora-

tory topic after the first point of contact (Saunders et al., 2016).

The in-depth interviews start with an initial question as conversation starter, as Saunders et

al. (2016) suggest. For this research this is:

How have the companies you support experienced the Covid-19 pandemic, how have they

been impacted and how have they reacted?

To select interviewees a non-probability sampling approach is used. Thus, the researcher can
choose the most relevant interviewees based on theoretical pre-set parameters. For the pre-
sent research these parameters relate to broad knowledge about the manufacturing industry
in Scotland and the level of engaging with companies operating in the industry. Further, the

suitable interviewee has detailed insights in how the Covid-19 pandemic affected the industry
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and how different sectors reacted. This includes the innovation behaviour. Suitable experts
are identified as senior managers at Scottish industry support organisations as they hold the
general overview that is required. The list of participants and their roles are shown in Table
5-1. The interviews are carried out as video chats using Microsoft Teams software between
February and April 2021 for the first round of interviews and between April and July 2022 for
the second round of interviews. The interviews typically last about one hour. Provided the

interviewee’s consent the interviews are recorded for transcription and analysis.

Table 5-1: Participants of first interview series

Interviewee No Organisation Type Interviewee Role
1 Public industry support (Engineering) CEO
2 Public industry support (Manufacturing) CEO

To analyse the processed data a thematic analysis approach is used. Coding takes place in a
four-step process adopted from Williams and Moser (2019) which is shown in Figure 5-2.

Their first step is the preparation of data which means preparing transcripts and cleaning

them up. Step two and three is the development of codes in two orders.

Data
Collection

Level two
coding

Level one
coding

Figure 5-2: Coding process (adapted from Williams and Moser (2019))

Order one coding refers to analysing the row data and labelling it with initial codes. Order two
coding refers to labelling codes with codes or grouping order one codes. They are also re-
ferred to as themes. The development of codes is a non-linear cyclic process enabling the evo-
lution of codes through constant data comparison. Once a final set of codes is generated, step
four aims at deriving meaning from the data and reporting it. This meaning is presented in the

findings and discussion section of this chapter. The final set of codes is shown in Table 5-2.
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Table 5-2: Coding framework

Interview series Order 1 Codes Order 2 Codes - Themes
Series 1 Commercial sector impact Remote working
Operational sector impact Manufacturing operations adaptation
Instant reaction Differentiating impact of Brexit and Covid-19
Planned longer term innovation Skills gap
Opportunities Government support
Challenges
Public industry support perception
Series 2 Commercial sector impact The Shift to NetZero
Operational sector impact Diversification
Innovation and change Energy and trade issues
Future development Skills gap

Public industry support perception

The conduction of the semi-structured interviews in this research is divided into the three
parts: questionnaire development, interviewee recruitment and interview conduction, and
data analysis. There are two questionnaires, one for the first series of interviews and one for
the second series of interviews. The questions themselves are based on research question RQ-
R1. Both questionnaires can be found in the appendices A.C5.1 and A.C5.2. To select inter-
viewees a non-probability sampling approach is used again to choose the most relevant inter-
viewees. The selection criteria for part 2 interviews (see Figure 5-1) relate to having detailed
knowledge about either the aerospace, the food and drink, or the chemical and pharmaceuti-
cal sector. This includes knowledge about the economic situation of the company they repre-
sent as well as the sector as a whole, knowledge about supply chain structures and operations,
and innovation behaviour. Following this, suitable experts are people working either in senior
supply chain or operations management positions or innovation management positions in
private companies in the respective sectors. Interviewees, their roles within their organisa-
tions, and their supply chain position are shown in Table 5-3. The interviews are again carried
out as video chats using Microsoft Teams software between February and April 2021 for the
first interview series as well as between April and July 2022 for the second interview series.
The interviews also typically last about one hour and provided the interviewee’s consent the

interviews are recorded for transcription and analysis.
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Table 5-3: Participants of second interview series

Interviewee No Sector Organisation Type Interviewee Role

3 Aerospace TIER 1 Operations manager
4 Aerospace TIER 2 Innovation manager
5 Aerospace TIER 1 Operations manager
6 Food and Drink OEM CEO

7 Food and Drink OEM CEO

8 Food and Drink OEM CEO

9 Chemistry / Pharmacy TIER 1 CEO

10 Chemistry / Pharmacy TIER 1 CEO

11 Chemistry / Pharmacy TIER 1 CEO

For data analysis the same approach as for the first interview series is used as well as it is de-
scribed above. This approach is followed as the reasons for choosing this approach are valid
for the second interview series as well. The type of coding does not depend on the type of in-
terview (Saunders et al,, 2016). Further, the aim of the research remains the same, just the

unit of analysis is different.

5.2 Findings

The findings presented in this section are divided into two parts following the differentiation
in Figure 5-1. The first part presents the meta perspective of the industry support organisa-
tions and findings that are valid across the different manufacturing industry sectors. The sec-
ond part highlights the primary views from aerospace, food and drink, and the chemical and
pharmaceutical sectors and findings that are special to these sectors. Both sections are divid-
ed into findings from the first interview session in 2021 and the second interview session in

2022.

5.2.1 The perspective of industry support organisations and general findings across
sectors
General findings are presented divided into findings from the first interview session in 2021

and findings from the second interview session in 2022, highlighting developments over time.
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5.2.1.1 |Interview series 1: During the pandemic

The pandemic meant a disruption for the entire economy and therefore also for all manufac-
turing related sectors. Insights provided by interviewees (1) and (2) show impacts that have
been fairly similar across manufacturing in Scotland and sector specific impacts. How compa-
nies reacted to these impacts or what innovative solutions they developed to go forward in
the short term and in the longer-term depends highly on the company itself. (1) and (2)’s gen-
eral impression is that manufacturing in Scotland was steadily growing and prospects looked
promising for the future before Covid-19 hit. But then Covid-19 arrived in Europe and the first
lockdown was put in place. The Covid-19 restrictions caused recession is different compared
to other recessions as (1) says. During previous recessions such as the financial crash in 2008
it took about nine to twelve months until the UK went into technical recession. The Covid-19

recession was immediate. (1) says:

“March hit everyone in the face like a frying pan”

The impacts Covid-19 had, were diverse. There was the sudden closure of shops and hospitali-
ty, the stop in international travel. There were impacts on productivity caused by social dis-
tancing rules in factories and temporary closures if a business was not considered essential.
There were shortages of supply. In general, the two interviewees divide the impacts into two
categories, commercial and operational. Each company individually, the industry support or-
ganisations, and the government as policy makers had to develop innovative solutions to han-
dle these impacts. In general, operational impacts were met with process innovations, where-
as commercial impacts were met with a variety of innovation types. However, both interview-
ees point out that most business were able to develop innovative reactions very quickly. In the
following the operational impact and common process innovations are explained before the

interviewees’ evaluation of the commercial impact on different sectors is presented.

The common themes across manufacturing sectors emerging from the first series of inter-
views are remote working, manufacturing operations adaptation, government support, and

Brexit as it also had an effect.
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52.1.1.1 Remote Working

Due to Covid-19 restrictions most manufacturing companies had to adapt to remote working
models as both interviewees state. How the transition went and how the concept of remote
working is considered depends to the openness of the senior management. The rapid transi-
tion from an office-based setting to remote working did not go smoothly. Whereas after a year
into the pandemic all companies have adopted video chatting technology and some form of
data sharing in some cases there was not the necessary commitment, and the transition was
bumpy. Companies which had invested in technology before the pandemic were generally
better prepared for the transition. Proactive supply chains embraced the situation and fos-
tered more virtual collaboration and data sharing whereas conservative supply chains strug-

gled with collaboration.

In general, the attitude towards remote working is changing as both interviewees say. More
and more companies say they will adopt a blended model of office and remote work where
possible going forward after the pandemic. Complete remote working as required during the
lockdown is not likely to be extended. Employers fear good performance and appreciate face
to face contact not only for control reasons. It is extremely difficult to integrate new staff into
teams if they never physically meet. The personal connection cannot be established and in-
formal chat normally happening during coffee breaks generating good ideas cannot happen.
Further, loyalty and dedication is feared to be at a lower level if staff does not have a physical
connection with their work space. The interviewees stress that some employers emphasize
the need for teams to collaborate in person, especially for creative tasks. However, many em-
ployers want to offer more flexibility and offer their staff blended models. As interviewee 1
points out it is a matter of generation. Younger people wish for the freedom to work from
home at least partially. They want to safe travel time and feel more productive in that setting.
Older people tent to want to go back to the office fulltime as they say they are more produc-

tive there.

52.1.1.2 Manufacturing Operations Adaptation
Many manufacturing businesses worked throughout the Covid-19 lockdowns. However, most
had to close initially, and everyone had to adopt social distancing measures. Social distancing

meant less people allowed factories. Interviewee (1) states:
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“Many SMEs rely on manual labour. If they suddenly have to space out people but don’t

have more space available this simply means less productivity.”

This meant less productivity for those companies with low automation levels. In return both
interviewees state a significantly higher interest in digitalisation and automation support.
However, social distancing also meant that access to sites was limited for visitors. This in re-
turn had an effect on innovation in some cases. For example, it influenced installation and
maintenance of equipment. Further, there were shortages of supply which companies had to
react to. In some cases, simple stockpiling was effective to equalise volatility. Even though
global shortages of for example semi-conductors seem to significantly impact many sectors. In
other cases, new suppliers had to be identified. One mayor topic in this context is as both in-
terviewees state is the reshoring of manufacturing capabilities and capacities. Especially SMEs
are looking to re-shore capabilities or to buy from re-shored businesses in an attempted to
reduce risks of international supply chains. However, both interviewees say that those com-
panies which were involved highly in innovation development found it easier to adapt to the

changes and find innovative solutions compared to those who did not.

52.1.1.3 Theimportance of government support

The most prominent government support has been the furlough scheme. Both interviewees
state that most companies they are in contact with have used furlough for a period of time. It
has been a “life saver” for most manufacturing sectors as it allowed companies to retain jobs
and cut their costs at the same time. However, there are concerns that the furlough scheme
just postponed economic developments and that there might be higher numbers of bankrupt-

cies in the long run after the scheme ends.

The interviewees report frustration from industry side regarding the organisation of other
available industry support. The Scottish industry support landscape is complicated and espe-
cially for SMEs not easy to navigate. Many SMEs do not know whom to approach for which
type of support in the first place and do not access available support and funding as a conse-
quence. This issue is known to both interviewees and both organisations work on a better
collaboration and more straightforward organisation of support. In this context NMIS should
be establish as the centralised point of contact who directs the different inquires to the suita-

ble organisation.
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That the Scottish innovation and industry support can be a success story shows the creation
of a national supply chain for PPE and ventilators when there were global shortages. Howev-
er, it also shows that there need to be long term government investments and public pro-

curement contracts, to create national supply chains in other sectors.

52.1.1.4 The issue of differentiating between Covid-19 and Brexit impacts

The Covid-19 impacts on movements of goods and shortages of supply have been intensified
by Brexit implications. Both interviewees stress that Covid-19 and Brexit impacts multiply
each other. They also state that it is impossible to differentiate in detail the commercial im-

pacts Brexit and Covid have.

52.1.1.5 Skills - The big challenge for the future

The real issue moving forward will be skills. It was already an issue before the pandemic, but
the pandemic and the economic downturn has led to more skilled people leaving companies
voluntarily by e.g., taking early retirement intensifying the problem as a result. At the same
time apprenticeship numbers are just at 50% of where they should be, and the pipeline of
university graduates is not as filled as it was hoped for. But if manufacturing and engineering
graduates do not get jobs quickly, they will move to different industries where they find jobs

and once, they are gone, they will not return anymore.

NMIS itself is affected by the skills issue as well. It is the biggest challenge for NMIS’s growth
and its ability to support companies to hire enough personnel in specialised and general busi-

ness and engineering areas.

52.1.1.6  The public industry support on the commercial impact on different manufacturing sectors

Both interviewees state that different sectors are affected differently by Covid-19 implica-
tions. Overnight shutting down all hospitality has affected the food and drink sector signifi-
cantly. This impact is believed to be a short-term impact and should recover quickly after re-
strictions are eased. On the other hand, there is the aerospace sector which will be longer-
term impacted as travel behaviour change and therefor airlines cancel orders. Additionally,
the aerospace sector is a very slowly moving sector which life cycles measured in decades.

Other sectors like automotive also had short term impacts as orders disappeared over night.
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However, Covid is considered an operational issue, and the sector expects to bounce back
quickly. In these sectors quick entrepreneurial decisions were needed and there are high
numbers of stories about the development of new business models, of diversification where
possible, of new marketing and distribution strategies and many more. However, these are
also the sectors where most job losses are expected. Nevertheless, many companies see
Covid-19 as a chance for the opportunity to “reset” and use the “breathing space” or “fire

break” to restructure their businesses and hopefully emerge stronger.

In contrast to this development there is an extremely good development in the chemical and
pharmaceutical industry and their supply base. Not just because of the construction of vaccine
production facilities, the sector has seen significant increases in orders for equipment renewal

and automation. This sector created jobs during the pandemic.

The interviewees predict that the manufacturing sectors that involved with green recovery,
NetZero, etc will bounce back and emerge stronger than they were. The reason for this is the
governmental support for these topics in e.g., the recovery plan for Sottish manufacturing

(Scottish Government 2020).

5.2.1.2 Interview series 2: At the end of the pandemic

The second round of interviews with public industry support organisations at the end of the
Covid-19 pandemic in 2022, one and a half years after the first round, reveals that a shift of
focus has taken place across the different manufacturing sectors. The main driver for the fu-
ture identified by interviewees (1) and (2) is NetZero whereas new everyday challenges be-
sides Covid-19 have arisen in connection with energy prices and free trade whereas availabil-
ity of skilled workforce is still considered the biggest long-term challenge. These shifts in in-

terest, their opportunities and challenges are explained in more detail in the following.

5.2.1.2.1 The shift towards NetZero

After the impact of Covid-19 on companies’ operations and business has eased, a paradigm
shift can be noticed across manufacturing in Scotland. Moving away from mitigating the im-
pact of the pandemic, the next main driver of change in the industry is NetZero. Especially
SMEs across sectors aim at reducing their carbon footprint and contributing to a greener,

more sustainable society. As a technology, hydrogen is of special interest. However, (1) and
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(2) both report shortcomings in innovation capability within most SMEs in relation to Net-

Zero. Interviewee (2) states:

“Smaller companies struggle especially with technology strateqy making capabilities.

Many don’t know how to effectively use technology forecasting or technology road map-

ping.”

(1) and (2) are ramping up their capacities in the field for efficient support, overall availabil-

ity of support is insufficient for SMEs at present seriously limiting the move towards NetZero.

52.1.2.2 More diversification

During the pandemic interviewees (1) and (2) both see a trend to diversification, from small
to larger companies. The pandemic in many cases has been used to create new business mod-
els around new products or services. New markets have been developed as well. Afterall, this
trend has made the sector and its businesses more resilient than before the pandemic. How-

ever, it is not clear if this is a lasting trend or solely a one-time consequence of the pandemic.

52.1.2.3 The energy and the trade issue

Whereas new trends have emerged resulting in refocussing of the industry, there are two
main commercial challenges which have come along with them. One is the continuous disrup-
tion of international supply chains. Shortage of microchips caused by the pandemic is still not
under control and affects almost everyone who wants to develop or buy new machinery. Lead
times are high and remain unpredictable. The strict lockdown enforcements of the Chinese
government on areas with new Covid-19 cases has an additional negative effect on the situa-
tion. On top, Brexit and continuous disagreement about regulation with the EU continue to
cause friction for import and export, and cause uncertainty. By far, the biggest challenge for
manufacturing businesses, however, is the immense raise in energy prices. Especially SMEs
are endangered. Afterall, the rise in energy prices is solely the tip of the iceberg and the gen-

eral increase of inflation affects every business substantially in the industry.
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52.1.2.4 The skill issue and what the impact of work-life balance

The skill issue has not significantly changed compared to during the pandemic. There is still a
significant shortage of skills. However, what has changed is that as the focus of the sector
shifts towards NetZero, there are significant shortages in NetZero related technologies and in

general in technology management. Interviewee (2) says:

“The skills shortage is the most significant problem to solve if we actually want to

make Scottish manufacturing ready for the future.”

The skills issue manifests in companies not being able to find suitable candidates for open
positions. Whereas this is not a new situation, the reasons for not being able to attract quali-
fied personnel have changed. A major factor now is work-life balance and the availability of
remote working. Many companies follow a hybrid-model after the pandemic where staff
comes into the office a few days per week pointing out that personal contact with colleagues is
important for teambuilding and for ideation and problem solving. Nevertheless, they offer
flexibility for staff. Other companies stress that they get greater access to potential staff if they
offer a complete remote working model which offers flexibility as well. The few companies
who demand their staff working from the office with no significant flexibility, however, strug-
gle the most in recruiting new staff. Well qualified people know their value and simply de-

mand more staff focussed and less control focused management.

5.2.2 The perspective of special manufacturing sectors and specific sector findings

In this section, findings from the interviews with the company representatives of the aero-
space, food and drink, and chemistry and pharmacy sectors are presented. These findings are
specific to these industries (see part 2, Figure 5-1). Findings are again separated into findings
from the first interview session and findings from the second interview session (see Figure
5-1) and changes over time. The general findings from section 5.2.1 are valid for these sectors

as well.

52.2.1 Aerospace
Interviewees (3), (4), and (5) paint a similar picture of the Covid-19 impact on their business-

es and the sector as a whole during the early stages of the pandemic. They all state that the
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sector was in good commercial conditions and the outlook was considered positive. There
were huge backlogs of orders. However, interviewees (3) and (5) also stated that their com-
panies were in financial struggles before Covid already. The interviewed companies are all
international large TIER 1 or medium-sized TIER 2 suppliers. Due to the internationality of
the aerospace sector the interviewees state that their businesses have been hit differently in
different countries. Even though in countries like the UK furlough was available, nothing simi-
lar was available in many other countries. Consequently, interviewees (3) and (5) talk of large
numbers of redundancies around the world and also in Scotland to stabilise their cashflow
problems. Interviewees (3) and (5) both state that their businesses tried to diversify their
business models where possible and went to a more service and maintenance-based model
since orders for new equipment almost disappeared and they do not believe that new large
numbers of orders will come in soon. They also tried to diversify into other markets. The aer-
ospace industry being highly specialised as it just left them the option to diversify the custom-
er base. Both said they used defence contracts to keep them afloat. Interviewee (4) also re-
ports financial problems; however, the business was already serving different industries be-
fore the pandemic, and they manage to successfully develop new markets for themselves dur-

ing the pandemic, moderating the financial tension.

Interviewees (3), (4), and (5) all say that they handed shortages in orders down the supply
chain and that large parts of the supply chain struggle as well. Even though they did not expe-
rience major supply shortages or bankruptcies within their supply chains, all three state that

their supply chains are noticeably fragile. Interviewee (5) explicitly says:

“Our own business is in a very fragile situation, so we had to pass on our own order short-
ages to our suppliers and they had it further. Right now, it feels that we drag everyone

along, but it seems more like a zombie supply chain - dead but still moving.”

and that they are “dragged along” (Interviewee 5). They all expect bankruptcies to happen
after the furlough scheme ends. Whereas the interviewees have not experienced supply chain
disruption, they have seen customers struggling seriously. Hence, all of them ran risk assess-
ments to decide which orders to fulfil and which better not to but more cost into. Especially

interview (4) was concerned about some of their customers not being able to pay their bills.
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The major issue for all three interviewees moving forward are skills. Especially interviewee
(4) and (5) talk about losses of many highly skilled employees because of redundancies and
early retirement schemes. In both cases the companies seemed to be more concerned about
cutting costs than strategically think about which skills are needed in the future. This devel-
opment is increased by the general shortages of specialised skilled workforce in Scotland in
general, as mentioned before. Other issues for innovation in the future are very high upfront
cost in very turbulent times and in an industry where everything depends on the OEMs will-

ingness to certify innovations.

During the second interview phase the skills shortage and its impact on operations is the most
prevalent. All three interviewees state that especially innovation activities are limited because
no suitable staff is available either inhouse or on the job market. Interviewees (3) and (5) es-
pecially state that it is impossible to hire the amount of skilled people they let go within the

early stages of the pandemic within a short period of time. Further, interviewee (5) states:

“I have noticed changes in people’s attitude. Skilled people are more and more aware of
their significance for the sector and of their own work life balance. People tend to jump

more from industry to industry if they can get a better deal somewhere else.”

Hence, the aerospace sector needs to make itself for attractive to skilled workforce. Especially
interviewee (5) tells of significant downtimes of aircrafts this time caused by staff shortages
of airlines and airports reporting in cashflow issues for aircraft manufacturers as they own
most of airline planes and simply rent them out. The few innovation activities happening in all
three companies are mostly related to sustainability and carbon emission reduction as the
sector has embraced the topic as big new trend just like other sectors. However, the re-
sistance to change and regulation in the sector are significant as all three interviewees state.
Interviewee (4) states that their focus of future development will be to continue creating and

developing other markets moving the business away from aerospace.

5.2.2.2 Food and Drink
During the first round of interviews, interviewees (6), (7), and (8) all have different stories to
tell reflecting different Covid-19 experiences across the food and drink sector. (7) and (8),

both food and drink producers, state that companies mainly supplying the hospitality sector
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lost that business over night with little planning options for when the sector would be allowed
to open again. In contrast those companies who supply supermarkets saw a stable time with a
peak at the beginning of the first lockdown and panic buying as interviewee (7) states. Panic
buying in early stages of the first lockdown in 2020 led to supply issues. This trend got espe-
cially clear in the case of interviewee (7). Working in the brewery sector they supply pub
chains, restaurants, and hotels on the one side but also supply supermarkets as a smaller part
of their business. Whereas the big part of the business went to zero, the retail part was mas-

sively grown. That in return led to other issues. Interviewee (7) states:

“There was suddenly no bottling capacity to get anymore, anywhere. As if that wasn'’t
challenging enough, packaging material, especially cardboard was hard to come by as

well, and I am not even talking about the increase in price.”

Interviewee (7) mentions that many players in the sector including themselves either tried to
build up new bottling capacities or changed their bottles for cans or kegs. Many players also
started online shops in an attempted to directly sell to the end consumer. Interviewee (7) also
says that the players who already had an online presence before Covid-19 had a real ad-
vantage. The other big topic interviewee (7) talks about is the introduction of a deposit sys-
tem for bottles in relation to Netzero. However, they ask for more commitment from govern-
ment side as they say that the sector itself is very fragmented. Further, interviewees (7) and
(8) state that the food and drink sector lacks communication and collaboration along the sup-
ply chain and between competitors. Interviewee (6), producer of specialised food manufactur-
ing machinery, speaks of a commercially positive situation until the first interview takes place.
Their main impact has been on operational level where like all other companies they had to
make adjustments to facilitate hygiene and Covid-19 rules set out by the government. Their
most significant challenge as interviewee (6) state, was to find a way to install their equip-
ment at customer’s sites. They introduced an augmented reality technology to allow custom-
ers to set up the machinery themselves with live instructions form company (6). This chal-
lenge overcome, interviewee (6) states that they are prepared to deal with the Covid-19 im-

pact until the pandemic and its influence is over.

During the second interview phase all three interviewees state a positive development of their
business since the first round of interviews. For all three the direct Covid-19 impact has been

overcome. (6), (7), and (8) all continue changes they have made to their business during the
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pandemic. (7) and (8) keep evaluating their product portfolio and re-positioning themselves
in different geographical markets. Especially, interview (7) speaks of focussing on the Scottish
market and gaining more market share domestically. (7) and (8) both also aim at developing
their overseas markets further. However, both explicitly do not want to grow their EU mar-
kets as a consequence of the Brexit uncertainty and complexity of import and export rules.

Interviewee (7) says:

“During the first lockdown we simply wanted to serve new markets to keep us afloat, we
have reevaluated the situation and think that now at the end of the pandemic it is more
reasonable to focus on developing our presence in Scotland. [...] Other countries will be

reevaluated but trading with the EU has become very complex after Brexit.”

Brexit still has a significant impact on all three businesses as they all use European suppliers.
(6) and (8) state to continue using their artificial intelligence technology for installation and
control of machinery either as supplier or user of machinery. All three interviewees name the
rise in energy prices the main challenge for the nearer future, interviewee (8) stating that
profitability has been pushed to levels where the business might get into financial trouble.
Nevertheless, (8) also states that their order books are seeing significant increases in orders.

After all, all three interviewees are looking positively into the future.

5.2.2.3 Chemistry and Pharmacy

The chemistry and pharmacy interviewees (9), (10), and (11) confirm the impressions indus-
try support organisations have during the pandemic. They all operate directly or indirectly in
equipment manufacturing for pharmaceutical and chemical use or for hospital supply. They
all state a significant increase in business from the beginning of the pandemic. Interviewees

(9) and (10) mention the creation of a significant number of jobs. Interview (9) stated explicit-

ly:

“Suddenly we had so many more orders that we had to do extra shifts. We decided to hire

new staff because we simply could not handle the orders over a longer period.”
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The positive situation in the sector during the pandemic is based on two trends as these inter-
viewees state. Vaccine production and the demand for other medical equipment has created
significant business. Additionally, pharmacy and chemical companies have taken Covid-19 as
a chance to modernise equipment. However, they all doubt that this development is long last-
ing. They also state that in order to make it last longer and to make Scotland competitive in
the sector, there must be more government commitment and permanent changes in public

procurement.

During the second interview phase interviewees (9), (10), and (11) all continue to state full
order books for the foreseeable future. Whereas this might seem contradictory to their stated
fears during the first interview phase, all three clearly state that this positive order situation
has lasted longer than originally anticipated but that they do not expect it to continue to last.
Most concerned are all three interviewees about the supply chain issues in 2022. Especially
shortages of electronics supply triggers massive delays in their own manufacturing processes
and therefore payments are delayed. This causes significant cashflow tension. Hence, inter-
viewees (9) and (10) explore diversification options into different markets. Interviewee (10)
states he still expects supply chain casualties as late impact of Covid-19. Nevertheless, inter-
viewees (9) and (10) actively used the Covid-19 pandemic to innovate inhouse. Interviewee
(9) speaks of digitalising their manufacturing processes on an operations level and of intro-
ducing a four-day work week without salary cuts to boost productivity and motivation on a
people level. Interviewee (10) speaks of developments of its own innovation centre. Afterall,

all three interviewees look positively into the future.

5.3 Answer to research question RQ-R1

The findings of the two-interview series show clear trends over the course of the Covid-19
pandemic as well as challenges for the future for manufacturing in Scotland in general and in
the specific sectors in particular. Regarding answering the first part of research question RQ 1,
how did Covid-19 pandemic change the innovation behaviour in Scottish advanced manufac-
turing supply chains, the answer is that innovation has become an imperative across manufac-
turing sectors and has worked as an accelerator for innovation. Nearly every business had to
make changes to some aspects of their business and innovate as a direct or indirect effect of

the Covid-19 implications. What exactly these changes and innovations are depends on the
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individual businesses, but a large variety of innovation types as has been reported. May it be
changes in operations to be leaner or to update equipment for productivity purposes, devel-
opment of new products or services, exploration of business models and new markets, new
partnerships, or complete change in strategic direction. Innovation will be a more present and
a more important topic moving forward after the pandemic across manufacturing sectors in

Scotland.

A clear trend within the innovation imperative theme is the acceleration of introduction of
digitalisation. The meta view from industry support just like the direct insights from the sec-
tors show a much higher interest in the topic and how to introduce the digital technologies in
various fields of operations. In general, it can be said that those companies who already intro-
duced digital technologies had an easier transition to remote working and social distancing in

factories as communication tools and automated machinery were in place.

Another trend within the innovation imperative theme is changing the way people and com-
panies work. Companies across sectors had to introduce ways for their employees to work
from home. Whereas most companies do not want to follow a full remote working approach
after the pandemic, a major part talks about adopting a blended model to use the advantages
of remote working and office-based working alike. After all the wishes and needs of employ-
ees are considered much more flexibility is sought to be granted where possible. In this regard
there has been much more emphasis on building strong relationships between employees and
ensuring that health and well-being is looked after. The trigger here was issues that came
along with isolation and complete remote working. However, a more employee centred ap-

proach will remain moving forward after the pandemic.

The biggest driver of change in manufacturing after the pandemic is thought to be climate
change and the drive to manufacture more sustainably. With society becoming more and
more aware of the issue and raised customer interest in sustainable products and services,
manufacturers will put more emphasis on their carbon footprint. This trend has the potential
to be a new enabler and driver of innovation as the route to NetZero for many companies and

supply chains means significant technological changes.

However, there are short-term challenges for innovation arising at the end of the pandemic.
The war in Ukraine has caused significant raises in energy prices and inflation, making day to

day operations of businesses more expensive which might lead to cuts on innovation activities
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in the short term. There are also still significant supply chain issues between the UK and the
rest of the world, especially the EU. The Brexit implications become clearer after the end of
the pandemic. Supply shortages within the electronics sector are caused mainly by local lock-
downs in China where Covid-19 politics are much more restrictive even at the end of the pan-
demic. Afterall, energy, inflation, and supply chain disruption can be called the short-term in-

novation barriers of after the pandemic.

The biggest long-term challenge moving forward after the pandemic will be skills. The availa-
bility of specialised skills, talents, and people was an issue already before the pandemic. The
pandemic has increased the level of the issue across manufacturing sectors. Especially, work-
force over 50 with significant experience have left the industry for example by taking early
retirement. At the same time the apprentice numbers are considerably lower. The companies
which already started their digital journey need employees with digital skills beyond tradi-
tional manufacturing, which are equally challenging to attract. The skills challenge is expected
to be a long-term challenge with no simple solution and could be named the biggest innova-

tion barrier in Scotland.

In regard to the second part of research question RQ 1, which sectors especially need innova-
tion capability support, there is a clear answer. Table 5-4 provides a comprehensive compari-

son of the findings across the three analysed sectors.

Table 5-4: Comparisons of findings across analysed three sectors

Aerospace

Food and Drink

Chemistry/Pharmacy

Impact Immediate loss of business
Laying off large numbers of
staff without skill retaining
strategy not using furlough
schemes in the beginning
Long innovation cycles
Serious issues of recruiting

skills back with an estimated

long-term impact

Immediate loss of business
Furloughing large numbers of
staff in hospitality

Short innovation cycles

Food and drink producers
quickly established new dis-
tribution channels

Sector bounced back very
quickly after lockdowns were

lifted

Increased orders from start of
pandemic with positive look-
out for nearer future

Sector adapted quickly with
new business models and
upscaling in production
Significant number of jobs
issues

created but finding

candidates
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The worst hit sector in Scotland is undoubtedly the aerospace sector. This is based on the im-
mediate loss of business and the predicted long-term impact of Covid-19 on travel. It is be-
lieved that the sector has to change fundamentally quickly and explore new business models.
At the same time the industry is characterised by high regulation levels and long innovation
cycle and life cycle times. The skills challenge is the most evident in aerospace. Many skilled
people were made redundant without a strategic plan of retaining crucial skills, impacting
innovation capability even more. The impact of energy prices, the shortages of electronics,

and inflation all additionally hit the aerospace sector hard.

The other two sectors of interest after the initial investigation at the beginning of this re-
search, the interviewed companies form the food and drink sector and the pharmacy and
chemistry sector, have been proven that they are equipped to handle the implications of the
Covid-19 pandemic and seize arising opportunities. The food and drink sector seems to have
bounced back after lifting the restrictions while exploring and realising innovation opportuni-
ties moving forward. Nevertheless, the sector faces challenges for innovation especially

around supply chains and collaboration in the sector.

Consequently, it is the aerospace sector and its supply chains that are in most need of addi-
tional innovation capability building. Supporting the development of innovation capability
could help and accelerate the recovery in the sector and thereby, stabilise and even create
new jobs in this important sector for the Scottish economy. How this could be realised is dis-

cussed in the following chapters.
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CHAPTER 6

InnovaTtion CaraBiLity MATURITY

ASSESSMENT

THE FRAMEWORK’S FIELD VALIDATION

As Aupit TooL

fter the development of MaSCICMAF in chapter 4, this chapter is about the applica-
tion of the framework. The main reason of the application is the field validation of
MaSCICMAF as a diagnostics or audit tool as additional testing of the framework.

Additionally, the application of MaSCICMAF aims at answering research question

RQ-P2: What is the status quo of innovation capability in a by Covid-19 hard-hit sup-
ply chain?

The hard-hit supply chain in the case of this research is a supply chain from the aerospace

sector in Scotland. Following the results of chapter 5, the aerospace sector has been hit hard-
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est in Scotland and requires structural development of innovation capability. Consequently,
this chapter aims at analysing the innovation capability of an aerospace supply chain and
identify strengths and weaknesses of innovation capability. MaSCICMAF is applied during au-
dit workshops. These workshops are based on semi-structured focus group interviews as data

collection method.

The supply chain that is being analysed is a supply chain with four TIER levels which is entire-
ly based in Scotland. Originally planned with four companies representing all four TIER levels,
because of economic uptake after the initial Covid-19 lockdowns, only two companies were
analysed in the end. The participating companies are the TIER 1 and TIER 2 companies. This is
highlighted in Figure 6-1.

Raw Material TIER 2 TIER 1 OEM
Producer

Not Represented: Represented: Not
represented Company 2 Company 1 represented

Figure 6-1: Analysed Scottish aerospace supply chain with represented companies

The chapter begins with a review of the research methods applied in this chapter as a re-
minder of chapter 3. Findings are outlined before they are put into perspective in the follow-
ing subchapter where research question RQ-P2 is formally answered. The chapter finishes
with a reflection of the application of MaSCICMAF and the field validation through the pilot

case study.

6.1 Review of the focus group method

The innovation capability measurement is conducted as semi-structured focus group inter-
views. Focus group interviews have been chosen to reflect different perceptions of different
participants of the same situation and help minimize bias (Saunders et al,, 2016). These inter-
views are semi structured to allow a conversation to happen (Bell et al,, 2022). The interview

is led by an innovation capability expert who asks participants to choose from a set of state-

156



ments which they believe apply to their organisation or supply chain. The statements are
meant to provoke a discussion between the interviewer and the interviewees about each in-
novation capability dimension to understand the situation in either the company or the sup-
ply chain. After this discussion a maturity level of MaSCICMAF is chosen. The set of statements
is called questionnaire in this research. The questionnaires for the supply chain and the com-
pany scoring model can be found in the appendices A.C6.1 and A.C6.2. The statements are de-

rived from the maturity stages for each innovation capability dimension of MaSCICMAF.

The focus groups are structured in six parts. After an introduction, a first discussion about
what participants consider important aspects of innovation capability is hosted. Steps two to
four are before mentioned selection of maturity levels including a discussion. Step fife is a fi-

nal discussion serving as conclusion of the workshop. Step 6 is a formal feedback step.

Innovation capability audit focus group type 1 aims at analysing the innovation capability at
company level. A non-probability sampling approach is pursued, ending in the identification
of two companies which operate in the same aerospace supply chain in Scotland. They vary in
size and position in the supply chain. Company 1 is a large international TIER 1 supplier.
Company 2 is a SME operating in a TIER 2 position supplying company 1. For each company a
separate workshop is carried out to ensure that the interviewees share the necessary infor-
mation with the researcher and that there are no concerns about sharing company interna
with another company. For the workshops the companies send three to four interviewees.
Following a non-probability sampling approach again, these are senior managers with supply
chain, research and development, operations, or general management backgrounds as these
can provide the necessary information needed for the innovation capability assessment. De-

tails about the participants from both companies can be found in Table 6-2.

Table 6-1 Focus group participants on company level

Company Size Tier stage Participant occupation

Company 1 Large multinational TIER 1 Operations manager
Operations manager
Research and development manager

Supply chain manager

Company 2 National SME TIER 2 Managing director
Research and development manager

Research and development manager
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For the supply chain scoring model of MaSCICMAF a single workshop is carried out. The sam-
pling is non-probabilistic here as well. A total of nine experts participates. These experts rep-
resent two different public industry support organisations, one private industry support or-
ganisation, and three different companies operating in or with the same supply chain as the
companies analysed on the company level. The variety of backgrounds ensures maximisation
of data from all relevant perspectives. More details about the background of these experts can

be found in Table 6-2.

Table 6-2 Focus group participants on supply chain level

Participant Role Organisation type

Participant 1

Aerospace supply chain specialist

Public industry support organisation 1

Participant 2 Manufacturing supply chain specialist Public industry support organisation 1
Participant 3 Aerospace supply chain specialist Public industry support organisation 2
Participant 4 Aerospace supply chain specialist Public industry support organisation 2
Participant 5 Aerospace industry engagement officer Public industry support organisation 2
Participant 6 Aerospace supply chain lead Private industry support organisation
Participant 7 CEO Private company 1

Participant 8 CEO Private company 2

Participant 9 Managing director Private company 3

All focus groups are carried out as virtual workshops using Microsoft teams as communica-
tion tool and Miro as virtual note board. The decision for virtual focus groups is based on the
number of different interviewees’ locations, time and cost implications. All focus groups take

place between December 2021 and March 2022 and last between two and three hours.

The researcher acts as host and innovation capability expert. For field validation, observation
as research method is used. In detail, the participant as observer method is used. This is a
suitable method for validation as the researcher can observe first-hand how the application of

MaSCICMAF is conducted (Saunders et al., 2016).

Proof of all focus groups as screenshots of Miro-boards can be found in appendix chapter 6.
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6.2 Findings

The findings presented in this section adhere to the structure of MaSCICMAF. Therefore, find-
ings are divided into findings derived from the company scoring model and findings from the
supply chain scoring model. Full scores of all companies of the company scoring model and

the supply chain scoring model can be found in the appendices A.C6.4, A.C6.6, and A.C6.8.

6.2.1 The company scoring model

It is important to recognise that the two companies which are analysed, differ in many as-
pects. They have a different size, they operate in different supply chain positions, and they
follow different competitive strategies. Therefore, a direct comparison of both companies
does not make sense. Nevertheless, the findings are presented by innovation capability di-
mension and subdimensions as outlined in MaSCICMAF. Findings are presented as scoring on

the maturity scale of MaSCICMAF along with a justification for the scoring.

6.2.1.1 Organisational culture and leadership

For risk management and attitude both companies are at an adaptive level. Even though both
companies use risk management practices, there is little appreciation of risk taking and little
acceptance of failure. Ambition, openness to change and promotion of innovation is charac-
terised by high resistance to change in both companies. In both companies the importance of
innovation for economic success appears not to be clear throughout the organisations. Hence,
this dimension has to be labelled as reactive. Leadership and decision making in both organi-
sations is characterised by highly hierarchical structures and timely decision-making process-
es. Company 2’s leadership is described as participatory whereas company 1’s leadership is
characterised as autocratic. Consequently, company 1 is labelled as reactive and company 2 as

adaptive in this subdimension.

6.2.1.2 Entrepreneurship and strategy
The first subdimension of entrepreneurship and strategy, strategic renewal, appears to be at
an adaptive level in company 1. External changes are monitored, and the competitive strategy

is adapted accordingly. They use formal change management including defined change pro-
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cesses. Company 2 in comparison is largely not aware of external changes. Both companies
additionally state that they do not learn from past mistakes. Given both aspects, company 2 is
at a reactive level. Both companies apply lean strategies for their operations. Both do not ac-
tively create or manage flexibility. Company 1 even tells of constant firefighting situations be-
cause of a lack of flexibility. Consequently, both companies are at a reactive maturity level.
Both companies are at an adaptive level for entrepreneurial capability. Both consider new
markets, business models and partnerships solely infrequently. Both companies are built on a
broad diversity of products, services, and customers which has even increased during the
Covid-19 pandemic. Therefore, both companies can be labelled proactive. Supply chain resili-
ence is at an adaptive maturity level for both companies. Both companies use defined pro-
cesses to select suppliers, but there is no frequent scanning of the supply base. Real-time data
from suppliers are not used in both cases. Company 1 uses supplier retention and develop-
ment programmes for close collaborations. They use defined processes and resources to
monitor public funding and the availability of non-financial support from industry support
organisations. They also use defined processes for funding applications and access to industry
support. Both are accessed frequently. Consequently, company 1 is at a proactive level. Com-
pany 2 scans innovation support and funding frequently but there are not enough resources

available in house to access these frequently. Hence, they are an adaptive level.

6.2.1.3 Knowledge management and technology adoption

The subdimension knowledge and idea management is on a reactive level in both companies.
In both companies, ideas are shared informally but they are not recorded. Both do not assign a
special budget for idea management and in both companies, knowledge is bound to the
knowledge holder. Technology adoption is on an adaptive level for both companies. Company
1 relies on individuals to stay aware of technological developments whereas the company it-
self is described as largely unaware of those developments. clear technology search and de-
velopment strategies are not used in either company. Company 2 creates a good understand-
ing of a technology before its introduction, whereas company 1 introduces new technology
without developing a thorough understanding before its introduction. Company 1 on the oth-
er hand includes up and down stream supply chain members into the technology adoption

process to maximise its value. Company 2 does not consider this.
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6.2.1.4 Innovation strategy, communication, and open innovation

Company 1 uses a formal innovation strategy whereas Company 2 does not consider this im-
port. However, both companies report that there are significant resource shortages for inno-
vation activities. Company 1 is consequently at an adaptive level whereas company 2 scores
reactive. Open innovation is well adopted within both companies leading to an adaptive level
of innovation capability maturity. Innovation collaborations are usually based on individual
initiatives in company 2. Nevertheless, they explore new collaborations frequently. These col-
laborations are reported to not be focussed on longevity. Company 1 in contrast, aims at long
lasting collaboration and the development of trusted partners. Exploration of new collabora-

tions are rare.

6.2.1.5 Organisational learning and absorptive capacity (innovation process)

For organisational learning, absorptive capacity and the ability to host innovation processes
new potentially useful information and skills are identified across different industry sectors in
both companies. However, in company 2 searches are based on individual initiatives. Compa-
ny 1 reports challenges with handling too much data generated by not using a clear search
strategy. Therefore, both companies are at an adaptive level. In company 1 new potentially
useful information and skills are shared across the organisation once they are acquired lead-
ing to extensive cross departmental problem solving. Company 1 consequently scores proac-
tive. Company 2 encourages cross departmental problem solving as well; however, new
knowledge and skills usually remain in the departments that acquire them. Hence, company 2
is at an adaptive maturity level. In both companies, new knowledge and skills are barely inte-
grated into daily operations meaning that the ability to run innovation processes are reactive.
The main reason brought forward by both companies is the tight regulation and certification
of processes in the aerospace industry which make fast changes impossible. New products
and services are explored frequently as exploitation of knowledge. Its realisation is rare in
both cases as large financial and time commitments are required needed. Hence, both compa-

nies are at an adaptive state.
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6.2.1.6 Individual skills and learning

In the first subdimension of individual skills and learning, company 1 is labelled as adaptive
whereas company 2 is at a proactive level. Company 1 characterises a medium level of staff as
holding deep knowledge in their field of expertise. These function as lead employees. Compa-
ny 2 states that most employees hold deep expert knowledge in their field of responsibility.
Both companies consider it challenging to find suitably skilled staff. Company 1 uses its own
apprenticeship scheme, company 2 is planning on developing an apprenticeship scheme. In-
novation knowledge is held predominantly by the research and development department in
company 1 and company 2 alike. These people lead innovation initiatives. Hence, both com-
panies score adaptive. Both companies describe their staff as very open towards learning.
Company 1 however reports little initiative taking whereas company 2 praises its employees
for their high initiative taking. Hence, company 1 is at an adaptive maturity level and company
2 at a proactive level. Both companies offer their employees a wide range of learning options.
Company 2 limits these activities to learning activities of which the company directly benefits.
Company 1 in contrast encourages any type of learning even if it is not directly related to
company benefit. Therefore, company 1 is at a proactive level while company 2 is at an adap-

tive maturity level.

6.2.2 The supply chain scoring model
The findings from the supply chain scoring model assessment refer to the particular supply
chain the two analysed companies operate in. The wider Scottish aerospace industry func-

tions as system input.

6.2.2.1 Supply chain structure and governance

Within the dimension supply chain structure and governance, the subdimension fairness and
responsibility can be described as proactive. Most companies along the supply chain accept
their responsibilities for the functioning of the whole supply chain. Collaboration standards
ensure fair treatment of every company and larger corporations do not abuse their market
power. The trust between supply chain members is at an adaptive maturity level. Supply
chain members generally trust each other based on collaboration contracts and long-lasting

partnerships. Changes in partnerships barely happen. There is active communication along
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parts of the supply chain. Especially communication with direct customers or suppliers in the
upper part of the supply chain is actively pursued. SMEs of the lower TIER stages do not have
the resources or contacts for frequent active communication with other parts of the supply
chain beyond direct partners. Hence, the supply chain can be characterised as adaptive for
this subdimension. The aerospace industry is highly regulated for safety reasons. For innova-
tion capability this is a limiting factor as it leads to long innovation cycles, long certification
times, and little flexibility and agility as an industry. Consequently, the innovation capability
maturity level here is reactive. The supply chain’s change and risk attitude scores reactive as
well. Change cycles are long and there is significant resistance towards change within the
supply chain. Change in the industry is usually associated with heavy investments which meet
a highly risk averse attitude. Supply chain complexity of the full international supply chain
beyond Scottish borders is high. The supply chain structure is characterised by many TIER
layers. This includes companies serving different TIER levels. Hence, the supply chain is at a
reactive level for this subdimension. A positive side effect of the high regulation in the aero-
space sector is the high supply chain visibility as origins and manufacturing processes for eve-
ry part are required to be transparent. The maturity level here is consequently proactive. In-
novation collaborations happen along the supply chain between trusted partners with a histo-
ry of collaboration but new collaborations are rare. Hence, the maturity is at an adaptive ma-

turity level.

6.2.2.2 Supply base

The first subdimension of supply base, the supply base resilience subdimension is at a reac-
tive level. This is the case because there is solely a relatively small number of aerospace com-
panies based in Scotland. These are mostly SMEs operating in niches of the industry. As these
companies are usually very specialized, they do not have the capabilities and flexibility to
easily venture into other industries. High entry barriers to the aerospace industry make it dif-
ficult for new companies to enter the market. Capabilities for the introduction of new technol-
ogy are widely existent, however technology uncertainty, high regulation, and high costs sig-
nificantly limit the actual introduction of new technology. Hence, the maturity level of this

subdimension can be described as adaptive.
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6.2.2.3 Public supply chain support

For the first subdimension of public supply chain support, it is stated that public funding is
available for many different purposes. However, purposes are usually very precise and there-
for limited in purpose. Thus, they offer little flexibility for public funding organizations to
support initiatives outside these boundaries. Especially within the SME community of the
supply chain the awareness of public funding is limited. Application processes are described
as too time and resource intense to be viable options for many SMEs. The broad availability of
funding options however leads to an overall adaptive level. Industry support organisations
offer relevant expertise in many areas which are relevant for the aerospace industry. Howev-
er, the capacities are limited as industry support organisations suffer from the same skills
shortage that individual companies suffer from. There are large skill development pro-
grammes in development already, a quick improvement of the situation is unlikely, however.

The overall level can be described as adaptive.

6.3 Answer to research question RQ-P2: The status quo of innovation ca-

pability of an aerospace supply chain

To answer research question RQ-P2: What is the status quo of innovation capability in the
aerospace supply chain in Scotland, in the following strengths and weaknesses in innovation

capability of the supply chain are discussed based on before described findings.

Strengths and weaknesses are presented as the nature of the study is qualitative and no sim-
ple ‘good’ or ‘bad’ label can be used. It is also qualitative in nature because the research is a
pilot case study for MaSCICMAF. This means that there is simply no reference point from oth-
er supply chains. Hence, it is also at this point in time not possible to say if this supply chain’s
innovation capability is better or worse than the innovation capability of other supply chains.
This is a significant limitation of the relevance of the collected data but is normal for a pilot
case study for maturity models (De Bruin et al,, 2005). The application of MaSCICMAF in the

future in other supply chains will generate this reference point and establish a benchmark.
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6.3.1 Strengths

There are three main strengths evident in this supply chain. First of all, there is significant
collaboration along the supply chain. Not all parts of the supply chain are necessarily connect-
ed but in parts there is collaboration that is based on longevity. These collaborations are char-
acterised by mutual trust, reliability, and no market power abuse. The collaborations focus
more on day-to-day operations and supply chain management than on joint open innovation
activities. However, the partnerships are established and build a significant base for open in-

novation.

The next strength is the good supply chain visibility. As a side effect of the high regulation in
the aerospace sector, the supply chain is completely transparent. Thus, every company and
their capabilities can easily be identified. This is a good base for establishing new partner-
ships as finding the right partners is significantly easier than in other sectors. However, this
just applies to companies already operating in the aerospace sector. If capabilities are needed
which are only offered outside the sector visibility is not as high and complicates finding new

partners.

The third strength is the supply chains attitude towards learning. Individuals are encouraged
to learn and build new capabilities. This is a useful base for innovation on an organisational
level. This learning attitude just needs to be transferred to the companies and the supply

chain as an organisation as well.

6.3.2 Weaknesses

The main weakness in the supply chain as an organisation as well as in the individual compa-
nies is the high resistance to change. This affects all decision making along the supply chain
and thus hinders change and therefore innovation from happening. Especially in times of in-
dustry 4 where connectivity of companies is key to success, collaboration, open innovation
activities and joint change initiatives are required. Long innovation cycles in the industry
support resistance to change as change does not have to be lived in the day-to-day business.
Innovation as a topic does not seem to be important to the supply chain and its companies.
Whereas they state it is, they do not live innovation, they do not actively create innovation

strategies and do not allocate sufficient resources. Under the dominant lean cultures this is all
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considered unnecessary waste. This also leads to no active encouragement of raising ideas

and of recording them.

The size of the aerospace industry in Scotland is another disadvantage for innovation capabil-
ity. The existing industry solely covers certain parts of the whole aerospace value chain that is
needed to produce whole aircrafts. This means that there are gaps in capabilities which make
Scotland unattractive for international OEMs as they can get a better capability base else-
where. The size of the industry in Scotland and the limited capabilities also impact the sector’s
resilience. Tightly connected to this is the skills shortage in workforce. Skilled workers for
this sector as for others are hard to come by. This leads to more skills shortages as existing
workforce retires and cannot be replaced. This is a challenge that the individual companies
try to solve by providing apprenticeship schemes and training their own skilled workforce,
also the NMIS skills academy has been opened to train more people. However, the issue re-

mains significant.

Another disadvantage for innovation capability in the supply chain is the high regulation. High
regulation ensures safety in this case and is necessary. However, as everything — new prod-
ucts, new process, etc — needs to be certified. The introduction of innovation is time and re-
source intensive. Certification is usually carried out by large OEMs for their suppliers, and
they only invest time and money in certification processes if they are convinced of the innova-
tion’s benefit. Thus, many ideas, especially more future focussed without quick return on in-
vestment, might be lost. The regulation cannot and should not be changed, but the attitude

towards certification can be changed.

Lastly, current public funding practices are a disadvantage for innovation capability of the
supply chain. Public funding practices at present are complicated to understand especially for
small businesses. They require time and resource investment while decision making process
take a long time. Funding is largely provided for specific purposes or for specific funding calls.
TO support innovation capability funding rules, decision making times, and especially funding

constraints need to be eased.

6.4 Evaluation of innovation capability measurement with MaSCICMAF

Field validation of the MaSCICMAF has two aims. Validate the framework itself by practition-

ers and validate the application method. For this purpose, an intellectual arbitrage approach
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had been chosen with the workshop host or researcher being an observer to the research
while the participants reflect on the framework and its application after the workshop
through a feedback questionnaire. Said questionnaire can be found in the appendix A.C6.9. A
total of twelve questionnaires were returned from participants of the company workshops

and the supply chain workshop. This constitutes in a 70% return rate.

For content validity, the field validation largely confirms the expert validation of MaSCICMAF
in chapter 4. Feedback confirms the validity of innovation capability dimensions and the ma-
turity stage stating that there was no general request to add the dimensions or maturity stag-
es within the company scoring model or the supply chain scoring model. However, as clarify-
ing questions about terminology were encountered during the focus groups, food back has
been taken into account and formulations have been adapted, leading to a revised framework
after the focus groups. Relevance of innovation capability dimensions score a 4.2 and the ma-
turity stage descriptions score a 4.3. Both were measured on a Likert scale of one to five.
However, it was mentioned to include a total of five maturity stages as five stages are fre-
quently used for maturity models and as five stages would provide more granularity than only

three.

In terms of validating the application method of MaSCICMAF, the workshop design proved
reasonable. Especially the warm-up exercise about innovation capability was a valuable prep-
aration activity for the application of MaSCICMAF. During all workshops, some participants
struggled with letting go of their day-to-day thinking, freeing their minds, and diving into in-
novation capability regardless of what it meant to them before. The exercise helped creating a

common understanding of innovation capability. It also helped to reduce bias.

The questionnaires as audit tools also fulfil their purpose. The statements led to discussions
around the different innovation capability subdimensions. However, not all statements are

understood fully in every case and need additional explanation.

For accuracy of data reasons, the semi-structured focus group interview process is reasonable
and as shown leads to a large amount of detailed data. However, this approach is limiting the
attractiveness of MaSCICMAF to practitioners. The resources companies and supply chain
representation have to invest in term of senior staff and their time is significant. This has been

identified as the main reason why only two companies could be attracted to conduct the as-
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sessment, even though advantages and impact on potential companies would have been sig-

nificant.

For easier innovation capability assessment of supply chains, it is recommended to adapt the
application method. An approach should be picked where the company scoring model applica-
tion can be done fully online without guidance and without an interviewer who can ask ques-
tions or clarify unclear statements. Once the supply chain scoring model assessment is con-
duct in the way it has been suggested in this research, the company scoring model assessment
could be sent to companies in the supply chain for one senior staff member to fill in when it
suits them. Thus, it is hoped to attract more companies, to make collected data more repre-
sentable. A side effect of an automated online assessment would be the speed of data collec-
tion. A downside, however, would be the quality of data, as no interviewer would be available
for clarification during the audit process. Another disadvantage would be, that company rep-
resentatives might be biased in the interpretation of their own innovation capability and

submit false information.

Hence, more research in other ways of applying MaSCICMAF are needed. Afterwards, in terms
of De Bruin et al. (2005) methodology for the development of capability maturity models,
MaSCICMAF needs to be deployed in many supply chains to establish it as a standard model,

raise its relevance to practitioners.
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CHAPTER 7

Prorosing A METHODOLOGY:

FuTure ScENARIO STRATEGIZING

aSCICMAF itself is a diagnostic tool which analyses the status quo of innovation
capability of single organisations and supply chains. Whereas the diagnosis itself
is helpful to understand the shortcomings in the present, it does not allow any
thinking about what to do with these shortcomings. This chapter proposes a methodology to
allow exactly that, to increase the value of MaSCICMAF for practitioners. Effectively, a strate-
gizing approach is followed to systematically develop innovation capability based on the out-

come of the application of MaSCICMAF.

Proposed is future scenario-based strategizing by Wright et al. (2013). This approach essen-
tially allows the creation of internal strategies to react to potential external developments.
These potential external developments are presented by a set of future scenarios. Once sce-
narios are developed, either strategizes of a company or strategizes of a supply chain decide

which innovation capabilities they want to develop further for each scenario. Strategic objec-
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tives and actions are derived and planned for each scenario. Depending on which scenario is
closest to real developments as time moves forward, planned actions can be implemented. If
real developments change to being closer to another scenario over time, planned strategic

actions for this scenario can be implemented. Figure 7-1 shows the proposed methodology

graphically.
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Figure 7-1: Methodology for innovation capability improvement strategy building

At the heart of this approach lay scenarios. What scenarios are in detail and why this ap-
proach is suitable for this research are explained in detail in chapter 3.4. A short summary of
what scenario strategizing is and how it is applied in this research is provided at the begin-
ning of this chapter. The result of this chapter is a set of four scenarios for possible and plau-
sible developments of manufacturing in Scotland. These are necessary for developing strate-

gies in the following chapter.

7.1 Review of the scenario development methodology

Future scenarios are a methodology that is frequently used to prepare organisations for po-
tential futures and enhance their flexibility to react to these futures (Hiltunen, 2009). The
methodology is frequently applied for strategy making in different domains ranging from

business to military (Amer et al,, 2013). Kahn and Wiener (1967) define future scenarios as:
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“a set of hypothetical events set in the future constructed to clarify a possible chain of

causal events as well as their decision points”.

Future scenarios are a set of possible and plausible futures as reflecting an organisation’s
changing environment as a result of different trends and their combinations (Amer et al,,
2013, Schoemaker, 1995, Fontela and Hingel, 1993). Scenarios aim at capturing all plausible
future developments. The range of possible outcomes is a reflection of uncertainty of the fu-
ture (Pillkahn, 2008). Reflecting all plausible futures, helps future strategizing in a holistic
way (Jetter, 2003).

For this research the intuitive logics methodology proposed by Wright et al. (2013) is used to
create a set of four scenarios. A set of four scenarios is considered the best cost vs accuracy of
scenarios ratio (Pillkahn, 2008). Wright et al. (2013)’s methodology consists of seven steps to

create scenarios which can be found in Figure 7-2.
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Figure 7-2: Scenario development methodology proposed by Wright et al. (2013)

Whereas the steps two to six are carried out by an expert team in scenario development
workshops, step 1, data collection is carried out by the researcher as preparation, and step 7,
creation of narratives is also carried out by the researcher with feedback from the workshop
participants. The workshops themselves are hosted by an external scenario development spe-
cialist as process familiarity is required. The researcher acts here as participant as well. As the
scenarios aim at describing the future of manufacturing in Scotland for use in an innovation
capability context, experts represent the fields of supply chains management, innovation,
strategy, as well as one scenario development specialist who leads the development of the

scenarios. All participants are based in Scotland and work directly in manufacturing or have a
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strong connection to manufacturing. Table 7-1 shows the experts’ backgrounds and profes-

sional roles in detail.

Table 7-1: Expert panel for developing scenarios for the future of Scottish manufacturing

Expert Area of expertise Role

1 Innovation and operations management Academic

2 Innovation and operations management Practitioner
3 Innovation ecosystems Academic

4 Corporate strategy Academic

5 Corporate strategy Academic

6 Supply chain management Practitioner
7 Supply chain management Practitioner
8 Scenario development Academic

Due to the Covid-19 pandemic the workshops are executed online using Microsoft teams for
communication and Miro as a virtual note board. In total, three workshop sessions are carried
out in June 2021, each lasting about two hours. Proof of these workshops can be found in form

of screenshots of the Miro-boards used during the sessions in appendices A.C7.3 and A.C7.4.

7.2 Four scenarios for the aerospace industry in Scotland in 2036

As a result of the application of before described methodology, a total of four scenarios have
been developed. These scenarios are set to describe the possible evolution developments of
the Scottish manufacturing sector, covering all plausible developments. It has been decided to
set the scenario horizon to fifteen years, ending them in the year 2036. A fifteen-year time
horizon has been adopted for a number of reasons. First of all, fifteen years is an average time
horizon for scenarios, which is frequently used for broad developments (Martelli, 2001). As
the scenarios depict possible developments of a whole sector in a whole country this time
horizon, consequently, seems reasonable. The other reason is that innovation capability as
discussed before, is highly connected with company culture. Kotter (2012) state that changing
company cultures is a timely endeavour and can easily take years in larger corporations.
Therefore, it is reasonable to choose a longer time horizon from the perspective of building

innovation capability built on these scenarios as well.
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As basis of the scenario a workbook is developed, that contains literature highlighting key

issues for the future. The main themes that emerge from the gathered data are:

Economic environment

Social environment

Political and legal environment
Technological and innovation environment
Ecological environment

Supply chain trends

Technology trends

Capabilities and workforce

R A L o B o

Manufacturing industry

(U
e

Brexit

(U
=

Trends and drivers of the manufacturing industry after COVID-19

Based on these topics, different drivers are identified, which are clustered in a total of nine
driving forces (DF). These driving forces can be found in Table 7-2. They are characterised in
the following. A full detailed characterisation developed during the workshops can be found

in the appendix A.C7.1.

Table 7-2: Driving forces for future scenarios for manufacturing in Scotland in 2036

Critical driving forces Non-critical driving forces
DF1 Innovation and diffusion DF3 Workforce and capabilities
DF2 International trade and relationships DF4 Availability of finance

DF5 Political environment

DF6 Technological infrastructure

DF7 Supply base

DF8 Supply chain governance

DF9 Sustainability and climate change

DF1 ‘Innovation and diffusion’ refers to the level of development of innovation in Scotland and
the diffusion of innovation throughout the manufacturing industry. This comprises research
activity in the industry and academia and their collaboration. It comprises the ability to trans-

late the research into the development of innovation and the ability to commercialise new
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developments. It also includes the ability to identify and adopt new technology nationally and

internationally and implement the new technology.

DF2 ‘International trade and relationships’ refers to Scottish manufacturing in an internation-
al context. It includes how international partnerships and trade agreements develop, especial-
ly between the EU and the UK. It involves the ability to import from outside the UK, it involves
the cost of transport and the stability of international supply. It also comprises the impact of
international competition on Scottish manufacturing and to what extent Scotland benefits

from international supply chain governance and innovation ecosystem governance.

DF3 ‘Workforce and capabilities’ refers to companies’ ability of attracting new workforce. This
includes the attractiveness of living and working in Scotland, immigration barriers for foreign
talent, salary and cost of living levels. But it also includes the availability of relevant training
programmes to develop skilled workforce domestically, and the perception of manufacturing

in Scotland.

DF4 ‘Availability of finance’ refers to the level of public and private funding available and ac-
cessible to the manufacturing sector in Scotland. This includes local, national, and interna-

tional sources. It also includes volatility on the financial markets including inflation.

DF5 ‘Political environment’ refers to the stability of politics in Scotland. This refers to a poten-
tial new independence referendum, but it also refers to levels of nationalism and socialism in
Scottish politics. It also includes the political interest in manufacturing as a sector and in en-

trepreneurship initiatives.

DF6 ‘Technological infrastructure’ comprises the use of technology across the manufacturing
industry in Scotland. This includes the use of advanced manufacturing technology to offset
high labour costs for example. It also includes the use of communication technology along the
supply chain to connect whole supply chains on a technological level. As an enabler the devel-
opment communication infrastructure like digital communication networks is included as

well.

DF7 ‘Supply base’ refers to the resilience of the whole of the manufacturing sector in Scotland
and its capabilities. This includes the availability of capabilities needed for all levels of the

supply chain. It also includes the technology infrastructure and the ease of good transport.
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DF8 ‘Supply chain governance’ refers to how much Scottish manufacturing benefits from sup-
ply chain governance practices of international supply chains. This includes the nature of
ownership of companies, the number of OEMs operating in Scotland who drive supply chain

governance, the participation in the sharing economy, collaboration and data sharing.

DF9 ‘Sustainability and climate change’ refers to the perception of climate change and the im-
portance of sustainability. This refers to the manufacturing industry’s perception as well as
general public perception. It includes how customer and stakeholder wants and needs change.
It also includes technological and management innovation in the field and how policy making

supports their development and adoption.

The expert panel decides that the driving forces DF1 ‘innovation and diffusion’ and DF2 ‘in-
ternational trade and relationships’ are the driving forces with the highest impact and uncer-
tainty and are therefore considered the two critical driving forces. Voting outcomes can be
found in the appendix A.C7.2. Based on this decision the impact-uncertainty matrix is created
with DF1 ‘innovation and diffusion’ on the x-axis and DF2 ‘international trade and relation-
ships’ on the y-axis. This leads to four quadrants representing four different combinations of
positive and negative developments both critical driving forces. Figure 7-3 shows the impact-

uncertainty matrix including where which scenario is located on the grid.

The four developed scenarios shown in Figure 7-3 are explained in the following. They cover
the full spectrum of plausible futures for Scotland’s manufacturing in 2036. The full narratives

can be found in the appendix A.C7.5.
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Figure 7-3: Overview over the developed future scenarios
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7.2.1 Scenario 1: Hidden like a turtle in a shell

Scenario 1 - hidden like a turtle in a shell - is the most negative scenario out of the four. It
refers to a world where international trade with Scotland is very limited and where good in-
ternational relationships are a matter of the past. The UK and Scotland have closed them-
selves off. At the same time innovation activities and the diffusion of innovation are at low
levels as well. This means Scotland’s manufacturing does not actively renew itself. In a world
of isolation and inactive innovation Scotland struggles to attract needed talent from other
countries. Domestic talent frequently leaves for England or even abroad. Manufacturers suffer
from old, unfit for purpose equipment. They struggle to attract foreign direct investment.
Therefore, manufacturing supply chains in Scotland are not able to compete internationally.
Scotland is like a turtle - hiding from the world in its shell. Figure 7-4 shows a more detailed

version of the scenario.
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Figure 7-4: Hidden like a turtle in a shell scenario

7.2.2 Scenario 2: Hibernating like a polar bear

Scenario 2 - hibernating like a polar bear - refers to a world in which Scotland is as isolated
internationally as in scenario 1. However, manufacturers in Scotland are very innovative.
They develop new innovations themselves and they actively seek to spread innovation. It is
still challenging to attract international talent to Scotland. But in this scenario, there are good

education programmes in Scotland aiming at closing the skills gap. Manufacturing equipment
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is cutting edge. Public funding is extensively available for national development projects. Nev-

ertheless, Scotland is cut off international markets making real capitalisation on the innova-

tion impossible and Scottish manufacturing supply chains cannot compete internationally.

Scotland is like a polar bear - strong but hibernating waiting to be awakened. Figure 7-5

shows a more detailed version of the scenario.
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Figure 7-5: Hibernating like a polar bear scenario

7.2.3 Scenario 3: Working like a donkey

Scenario 3 - working like a donkey - describes a Scotland that is well connected in the world

and where international trade flourishes. However, just like in scenario 1, innovation and the

diffusion of innovation are at low levels, meaning Scottish manufacturers use unfit for pur-

pose or innovations are imported from elsewhere. Largely, Scotland cannot compete on tech-

nology. International trade agreements undermine Scottish manufacturing, but Scotland can

compete on labour cost. This leads to a race to the bottom culture. Good international rela-

tions allow talented but unqualified workforce to come Scotland. Funding is just available

through direct foreign investments of large international corporations. Scottish government

does not invest in manufacturing. Scotland is working like a donkey - hard but not smart. Fig-

ure 7-6 shows a more detailed version of the scenario.
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Figure 7-6: Working like a donkey scenario

7.2.4 Scenario 4: Gliding like a dolphin

Scenario 4 - gliding like a dolphin - describes a world where Scotland is well connected inter-
nationally and is part of international trade agreements. Scotland’s manufacturing is also
characterised by high levels of domestic development of innovation and active spread of in-
novation throughout the industry. In this scenario, there will be suitable training programmes
to fill skills gap. As there are well-paid job opportunities for well-educated workers, Scotland
easily attracts the needed workforce from national and international sources. The good inter-
national relations ease visa processes. Funding is available through large multi-national com-
panies willing to invest in Scotland due to the high competitiveness of its manufacturing. The
Scottish government also invests heavily in domestic innovation projects specifically support-
ing the development of supply chains. Manufacturing companies use mostly industry 4.0
equipment connecting whole supply chains beyond Scottish borders digitally. Scotland will be
a recognised manufacturing country for its capabilities. Everything is going smoothly - like a

dolphin gliding through the water. Figure 7-7 shows a more detailed version of the scenario.
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This chapter aims at extending the value of MaSCICMAF for practitioners by proposing a to

integrate MaSCICMAF in a wider strategizing methodology. This methodology is based on the

future scenarios approach. The approach allows strategic development of innovation capabili-

ties in relation to potential future scenarios. For application of this methodology, scenarios

had to be developed in preparation. This chapter proposes four scenarios for manufacturing

in Scotland in the year 2036. As they are for general manufacturing they can be used for all

subsectors. However, they might need small adjustments as not all general developments are

important for all subsectors. Nevertheless, the developed scenarios and before developed

MaSCICMAF allow now the application of the innovation capability assessment and the strate-

gizing process on company and on supply chain level. This is the subject of the following chap-

ter 6.
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CHAPTER 8

STRATEGIZING FOR INnNovAaTION CAPABIL-
ITY IMPROVEMENT

THE FRaAMEWORK’S FIELD VALIDATION

AS STRATEGY TooL

fter the audit of innovation capability and the determination of its status quo in an
aerospace supply chain in Scotland in chapter 6 and the development of four future
scenarios for potential future developments of Scottish manufacturing until the 2036
in chapter 7, this chapter aims at developing strategies to improve said status quo in relation
to the developed future scenarios. Effectively, in terms of a SWOT analysis, strategies are cre-
ated which help improve internal strengths and weaknesses in innovation capability to react
to external threats and seize external opportunities. Hence, this chapter aims at answering

research question
RQ-P3: How can innovation capability be improved in this aerospace supply chain?

Scenario strategizing is the additional step in the methodology by Wright et al. (2013) for de-

veloping scenarios which is used to create the future scenarios for this research. The chapter

181



starts with reviewing what the scenario strategizing approach is and how it is applied in this
study as reminder of chapter 3. As creating improvement strategies is the next step after de-
termining the status quo, research is carried out with the same audience in a similar setting as
in chapter 6. Strategies for each scenario are presented to formally answer research question
RQ-P3. These are then translated into advice for policy making to support the strategies in the

best way possible, answering research question

RQ-P4: What can policy makers do to support innovation capability of this aerospace

supply chain?

The strategizing workshops can also be considered a pilot study for the applicability of sce-
nario strategizing for innovation capability building with MaSCICMAF. Therefore, at the end of
the chapter it is reflected on its application and suggestions for improvements for future ap-
plication are provided. Effectively, this chapter serves as field validation of MaSCICMAF as
strategy tool as well as validation of the applicability of the scenario approach for innovation

capability building.

It is important to state that this chapter has been published in parts in the following confer-

ence publication:

Reckordt, T. (2022). Future scenarios: An experiment to strategic innovation capability
building. In ISPIM Conference Proceedings (pp. 1-11). The International Society for

Professional Innovation Management (ISPIM).

8.1 Review of the scenario strategizing method

Scenario strategizing aims at creating strategies for different scenarios. In detail, each created
strategy should be an organisation’s internal reaction to the external impact that the devel-
opments stated in each scenario have on the organisation. Scenario strategizing is the exten-

sion to the future scenario development approach discussed in chapter 7.
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Hence, here again, the approach by Wright et al. (2013) is followed. This approach suggests
creating strategic actions for each scenario for each driving force development. As the present
research aims at developing innovation capability strategically, based on the results of the

innovation capability audit focus groups in chapter 6.

Strategizing is conducted as a strategizing workshop. As for the innovation capability audit
focus groups, one strategizing workshop is conducted for each company for the company
scoring model of MaSCICMAF and one strategizing workshop is conducted for the supply

chain level.

The strategizing workshop is carried out in different steps. At first the scenario development
and strategizing approach is explained. Participants are asked to set a focus in terms of which
scenario they want to focus on mainly and which innovation capability dimension is most im-
portant to them. This serves as a starting point to derive strategic actions. One by one all sce-
narios are covered. A final discussion serves as summary of the actions and for planning next
steps.

After the workshop participants are asked to provide feedback on how useful they find the
workshop, the scenario strategizing method in the applied way, and where they think im-
provements could be made. This feedback is a structured questionnaire. It serves as base for
validation of the framework as strategy tool and of the scenario strategizing methodology as

useful methodology for strategizing for innovation capability building.

The participants of each strategizing workshop are the same as for the audit focus groups
conducted for the innovation capability assessment. An overview of participants of both com-

panies for the company scoring model can be found in Table 8-1.

Table 8-1: Workshop participants for strategizing for the company level

Company Size Tier stage Participant occupation

Company 1 Large multinational TIER 1 Operations manager
Operations manager
Research and development manager

Supply chain manager

Company 2 National SME TIER 2 Managing director
Research and development manager

Research and development manager
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Participants of the supply chain group for the supply chain level, covering different public and

private industry support organisations for the aerospace sector in Scotland and a total of

three companies operating this supply chain, can be found in Table 8-2.

Table 8-2: Workshop participants for strategizing for the supply chain level

Participant

Role

Organisation type

Participant 1

Aerospace supply chain specialist

Public industry support organisation 1

Participant 2 Manufacturing supply chain specialist Public industry support organisation 1
Participant 3 Aerospace supply chain specialist Public industry support organisation 2
Participant 4 Aerospace supply chain specialist Public industry support organisation 2
Participant 5 Aerospace industry engagement officer Public industry support organisation 2
Participant 6 Aerospace supply chain lead Private industry support organisation
Participant 7 CEO Private company 1

Participant 8 CEO Private company 2

Participant 9 Managing director Private company 3

Workshops are conducted online using Microsoft Teams and Miro as virtual note board. Each
workshop takes about 3 hours each. Proof is provided in from of screenshots of the Miro
boards used during the workshops which can be found in appendices A.C8.1, A.C8.2, and
A.C8.3.

Once strategies are developed for the different companies and the supply chain for improving
innovation capability, recommendations for policy makers in Scotland are developed. They
are derived from the strategic actions as well as from the outcome of the status quo of the in-
novation capability assessment in chapter 6 and the results of the interviews conducted in
aerospace sector in chapter 5. As analysis method inductive thematic coding is used. Catego-
ries within the frame of coding and unit of analysis are developed. To create categories a the-

matic analysis approach is used, with the following codes:

. Open innovation

= Supply chain resilience

. Funding

. Skills shortage and education
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For field validation of the scenario strategizing methodology for innovation capability devel-
opment, observation as research method (Saunders et al,, 2016) is used again in the same way
it is used in chapter 6. To ensure reliability and validity of the collected data, the intellectual
arbitrage approach is followed again (Van de Ven and Johnson, 2006). The participant as ob-
server method leads to primary data and the qualitative feedback from other participants

leads to secondary data.

8.2 Answer to research question RQ-P3: Strategies for innovation capabil-

ity improvement

In this section the strategic actions in relation to each scenario are explained. These are ex-
plained for each company as well as for the supply chain level always referring to the innova-
tion capability dimensions (ICD) outlined in chapter 4. However, during the workshops it be-
came clear that certain innovation capability dimensions are wanted to be developed for all

scenarios or in other words regardless the scenario.

It is important to state that the scenario strategizing methodology solely identifies strategic
actions. In other words, the ‘what’ is identified. How these actions can be implemented in a

business, or a supply chain is an operational question and is not part of this study.

8.2.1 Company 1

As a starting point to developing strategic actions for all scenarios, company 1 decides to de-
velop a set of actions which they want to realise for all four scenarios alike. The scenario that
they consider the closest to the present is scenario 3 ‘working like a donkey’. Hence, during
the development of strategic actions, actions for all scenarios alike and scenario 3 have pref-
erence. However, the scenario that they believe requires the most intervention is scenario 1
‘hidden like a turtle in a shell’. A total of twenty-one strategic actions is developed. The num-
ber of actions is used as indicator of how important a scenario is to the company as the impact
of an action depends on implementation which is excluded from the study. Table 8-3 shows

how many actions are related to which scenario.
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Table 8-3: Number of strategic actions per scenario (actions can aim at more than one scenario)

Scenario

# strategic actions (Total 21)

For all scenarios

10

1 - Hidden like a turtle in a shell

3 - Working like a donkey

8
2 - Hibernating like a polar bear 3
6
2

4 - Gliding like a dolphin

Within the developed strategic actions, there is a clear focus on innovation capability dimen-

sion C4 ‘Innovation strategy, communication, and open innovation’ which accounts for 15

strategic actions, two of these also refer to ICD C2 ‘entrepreneurship and strategy’. Three stra-

tegic actions are related to ICD C3 ‘Knowledge management and technology adoption’. Table

8-4 shows how many actions are developed in relation to which ICD. Strategic actions can be

used for more than one scenario and can address more than one ICD.

Table 8-4: Number of strategic actions in relation to ICDs (actions can aim at more than one

ICD)
ICD Subdimension # strategic Current IC ma-
actions turity level
C2 Entrepreneurship and C2.5 Accessing of innovation support and 2 3 - proactive
strategy funding
C3 Knowledge manage- C3.1 Knowledge management, idea manage- 1 1 - reactive
ment and technology adop- ment, and knowledge sharing
tion C3.2 Technology adoption strategy and pro- 2 2 - adaptive
cesses
C4 Innovation strategy, C4.1 Clear innovation strategy aligned with 4 2 - adaptive
communication, and open company strategy and innovation measure-
innovation ment and adequate recourse allocation
C4.2 Cooperation with suppliers, customers, 14 2 - adaptive
public institutions, and openness to share
information and to adopt new outside
knowledge
C6 Individual skills and C6.1 Individual skills in one’s field of 1 2 - adaptive
learning knowledge
C6.4 Availability of options for individual 1 3 - proactive

learning
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In the following the strategic actions in relation to the different scenarios and the ICD they
target are presented scenario by scenario. Strategic actions target ICDs of different innovation
capability maturity levels regarding the assessment in chapter 6. A full list of strategic actions
for company 1, for which scenario they are meant, and to which ICD they relate, can be found

in Table 8-5, screenshots of the Miro board can be found in appendix A.C8.1.

The focus of strategic actions which should be realised regardless of the scenarios lays on de-
veloping a more refined innovation strategy referring to ICD C4.1 which currently is at an
adaptive maturity level. This strategy seeks to strengthen their NetZero agenda, including
technological changes as well as business practices. This also includes collaboration across
industries to develop standards for sustainability practices for easier supplier selection refer-
ring to ICD C4.2 which currently is at an adaptive maturity level as well. On a skills level for all
scenarios, company 1 wants to understand their current capabilities and expertise better and
use the status quo to derive training programmes for staff for directed development of indi-
vidual skills This aims at improving ICD C6.1 which is at an adaptive maturity level at present
and ICD C6.4 which already is at a proactive level. They aim at repeating this exercise periodi-
cally. As important impact, changes in the political environment are meant to be communicat-
ed across the company. For all scenarios, company 1 also wants to increase their involvement
with the Scottish government to raise awareness about the needs of the aerospace sector.
They also want to develop more partnerships to be able to access more funding referring to

ICD C2.5 which is at a proactive maturity level already.

In addition to this for scenario 4 ‘gliding like a dolphin’ company 1 aims at sharing best prac-
tices across their different sites relating to technology but also business practices. This refers
to ICD C3.1 which is at a reactive maturity level and ICD C3.2 which is at an adaptive level.
They also want to share best practices of good partnerships across the company network to
increase positive collaboration. This refers to ICD C4.2. These actions are taken to boost the

adoption of innovation even more which is already high in scenario 4.
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Strategic actions with targeted scenario and ICDs for company 1

Table 8-5.
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The sharing of best practice of partnerships is a vital pilar for their response to scenario 2 ‘hi-
bernating like a polar bear’ as well. The reason is the same, to boost innovation adoption
throughout the own company but also within partners. For this scenario additionally collabo-
ration with the government should be increased to raise awareness about responsibility of
politics and public institutions to support the aerospace sector as in this scenario funding is
almost solely available through government sources. For this purpose, company 1 also wants
to increase their collaboration with universities and influence on research to shift the focus to

specific needs for investigation in the sector (ICD C4.2).

For both scenarios 1 ‘Hidden like a turtle in a shell’ and 3 ‘working like a donkey’ company 1
wants to collaborate more with universities on an educational level and influence education
programmes for a more targeted and relevant education for the aerospace sector (ICD C4.2).
The reason here is that access to international talent is significantly impacted by bad interna-
tional relations. Therefore, they aim at supporting the development of domestic talent. One
way is to shape educational programmes to be more relevant for the aerospace sector. For
both scenarios company 1 also aims at increasing collaboration with suppliers and them-
selves but also encourage more collaboration with their own supply chain for more joint de-
velopments to produce solutions rather than a set of related products (ICD C4.2). These ac-
tions aim at overcoming the scatteredness of members of the supply chain in both scenarios.
For both scenarios the development of IT infrastructure and capabilities have priority (ICD
C3.2). For this purpose, company 1 wants to adopt more software solutions and invest in their
own hardware (ICD C3.2). At the same time, they want to increase their encouragement of the
Scottish government for more investment into the national IT infrastructure to enable better
digital connectivity across companies across the country as both scenarios outline shortcom-

ings in the development of digital infrastructure.

8.2.2 Company 2

Company 2 also aims at designing strategic actions for innovation capability improvement
which they want to implement regardless of the scenario. Nevertheless, company 2 considers
scenario 2 ‘hibernating like a polar bear’ as the scenario closest to today’s situation. However,
the most strategic actions are developed for the response to scenario 1 ‘hidden like a turtle in

a shell’ and scenario 3 ‘working like a donkey’ as it is believed that those scenarios require the
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most intervention. Company 2 develops a set of a total of twenty-six strategic actions. Table

8-6 shows how many actions are related to which scenario.

Table 8-6: Number of strategic actions per scenario (actions can aim at more than one scenario)

Scenario # strategic actions (Total 26)
For all scenarios 12

1 - Hidden like a turtle in a shell 11

2 - Hibernating like a polar bear 3

3 - Working like a donkey 11

4 - Gliding like a dolphin 0

Just like for company 1 there is a clear is a clear focus on innovation capability dimension C4
‘Innovation strategy, communication, and open innovation’ for company 2. This accounts for
18 strategic actions. ICD C2 accounts for 10 strategic actions. Strategic actions can aim at im-
proving more than one ICD. Table 8-7 shows how many actions are developed in relation to

which ICD.

Table 8-7: Number of strategic actions in relation to ICDs (actions can aim at more than one

IcD)

ICD Subdimension # strategic Current IC ma-
actions turity level
C2 Entrepreneurship and C2.2 Organisational flexibility and agility 1 1 - reactive
strategy C2.3 Entrepreneurial capability 2 2 - adaptive
C2.4 Supply chain resilience 1 2 - adaptive
C2.5 Accessing of innovation support and 2 2 - adaptive
funding
C2.6 Diversity of products / services and di- 4 3 - proactive
versity of customers
C3 Knowledge manage- C3.2 Technology adoption strategy and pro- 2 2 - adaptive
ment and technology adop-  cesses
tion
C4 Innovation strategy, C4.1 Clear innovation strategy aligned with 8 1 - reactive
communication, and open  company strategy and innovation measure-
innovation ment and adequate recourse allocation
C4.2 Cooperation with suppliers, customers, 10 2 - adaptive
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public institutions, and openness to share

information and to adopt new outside

knowledge
C6 Individual skills and C6.1 Individual skills in one’s field of 2 3 - proactive
learning knowledge

In the following the strategic actions in relation to the different scenarios and the ICD they
target are presented scenario by scenario. Strategic actions target ICDs of different innovation
capability maturity levels regarding the assessment in chapter 6. A full list of strategic actions
for company 2, for which scenario they are meant, and to which ICD they relate, can be found

in Table 8-8, screenshots of the Miro board can be found in appendix A.C8.2.

For all four scenarios alike, company 2 wants to become more flexible and identify business
opportunities in new markets referring to ICD C2.2 which is currently at a reactive maturity
level and ICD C2.6 which already is at a proactive level. For this purpose, they want to intro-
duce more data driven decision processes. One key topic of a future innovation strategy for
them will be their NetZero approach, like for Company 1, and they aim at developing a full
technology NetZero strategy. Further, they want to engage more in open innovation activities
with customers and suppliers alike. They would like to establish fairer contracts and thus
make them longer lasting in mutual interest. All these actions are related to ICD C4.1 and ICD
C4.2.1ICD 4.1 is at a reactive maturity level, whereas ICD 4.2 is at an adaptive maturity level at

present.

The strategies for scenarios 1 ‘hidden like a turtle in a shell’ and 3 ‘working like a donkey’ are
highly similar. An important part is the investment in digitalising the manufacturing process-
es (ICD C3.2 / adaptive) and increase digital connectivity of all workforce within the company
as well as digitally connect with suppliers and customers on a manufacturing process data
level (ICD C4.2). The technological advancements shall also help develop new markets espe-
cially emerging ones. Along with this additional training and qualifications for digitalisation
are planned (ICD C4.1, ICD C6.1). Technological developments shall be monitored more regu-
larly to assess potential business opportunities (ICD C4.1, ICD C2.6). Hence an improvement
of ICD C3 ‘Knowledge management and technology adoption’ and ICD C6 ‘Individual skills and
learning’ shall be used to enable an improvement of ICD C2 ‘entrepreneurship and strategy’

and ICD C4 ‘Innovation strategy, communication, and open innovation’.

192



(3usunsaaur Surrmbaua) suonnjos
a[qissod % sjurenIsuod Ajnuapl / 1919 auop aq Ued Jeym AJauapl 03 aandads

%D -1ad [e213070UY23) B WOJJ suonelado SUIA[0Ad MaT1Ad] 03 sSuneaw Juawa[dw] 4T
11D unjew UOISIDAP PIE PUE SSISSE 03 Blep as() €T
N
W 19D ‘T'¥D ATen3ip 19139801 y10M 0} UoNBSTUESI0 I[OYM 33 A[qBUS 03 3210y 10M Sululel], ZT
m. rAN) uonesI[esIp jJo uoneidajul [[nj mo[[e 03 atempley sunepdn 1T
)
5 aoeds ano ui aydoad a1ow 3931 “(SIAN :°879)
= 7D JyIomiau aseq Surinoenuewt 3 ureyd Ajddns ano uryyim sdiysuoneral dopasq 0T
[%2)
fw 9'7) 1onpoad pus-ys3iy ‘oysru do[eaap 01 sassado.ad/£3o[ouydal padueape as() 6
=
m Aoeded doysyiom asoad
2 7'€D -wil 03 s3ss920.4d guLInioejnuew JUA.LIND Jo UuonesieMsip uo HHuord ysiyeind g
~
S
S Inoqej paf[I¥s 1oeJne pue
3 %D suonisod Suijeadde a1ow 1a}j0 03 sIUIdpow pue saonoeld JuswAojdwe malady /
=
Q
W 19D 1T'¥D Jje1s urerad pue [[s-dn 03 yuswidojaasp [eutajul / sswwerdold Suiures) 3e oo 9
<
S SaLIISNPUI 1910 Ul Pasn 3¢ pP[no2 jey3 duallodxa 92.10J
M 9'7)‘€'ZD -3 10Mm pue saniiqeded Jua.LInd AJ[Uapl 03 SUONIBSIUBSI0 JUSWUISAOS YIIM MIOM  §
2
a saLnsnpul ysnig suidiouws o3 yuea
.m 77D -9[2J1 aJe ey} S9ssa20.1d Juswadwi pue 91e31SaAUL :AI[IqIXa[,] [eUOESITURSI) ¥
Q
S|
© sjonpoad mau pue SunsIxa J10j aseq Iawo}
Ww 97D ‘€7D X -sno pue ureyd A(ddns - g ay3 ur santuniioddo dofeasp pue yoaeasal 1oy Ie|y €
S
W YA S A) suonesIues.Io JUSWUIdA08 Y3IM uonetadood ansing g
Mm "saLiIuUNod paugdife Afeantod ut sajueduwod
Y ¥'ZD X Japo pue sia1jddns [eao] yym syulf saoxduwy] - soualfisal ureyd Ajddns saaoadwy |
)
= dDI¥ OLIBUIIS £ OLIBUIIS Z OLIBUIIS T OLIBUIIS SOLIBUIIS [[V uonody digaens

193



'sadua|

%) X -[eyo saLisnpur 493 Jno jo uonenaidde ydnoayl A3a1ens Ajiqeureisns dojpasq 9
SUOTIN|OS UOQ.IED MO[ SpIem

IR0 X -03 3urysnd pue areme A[SuISeaIdUl SISWOISND - S[E[IUIPAID U3, 9j0woId G7
(W91sAs ade103s A319ud 931suo Yum padied

%D X Je[oS 83 a1m payuswa[ddns aq s1y3 p[no) -a3esn A31oua Auedwiod malasy 17

IR0 X U0 pajeloge[[od aq ued s3103Jo SurpAda1 Aue J1 9as pue saruedwiod (0] 03 yeads £7

97D X -age1sem 0 Ino aaoaduwi 03 S9ssa20.1d Suld42a. [BLI9IEW MBI JUS.LIND MIIADY 77
Aj1ea sn 03 payy3iysiy a.le saniuniioddo Sur

%D ‘S'ZD -punj 1ey3 os SUONESIUES.10 JUSWUISA0S UTYIIM S}DBIU0D pUE lomlau do[ead(q 1g

YD ST 8uipuny 10j Adde pue ad£1010.1d 03 uonreI9d00d pUE JUIWISIAUI-0)) (7
SHINS 10} a[qe[ieae syue.s 1oy A[njssadons Ajdde

YA M) 0} S9IP0Q JUSWUISA0S Y3IM A[303.1D S[eap oym (921n0sIno J1o) sauoawos Aojdwyq 6T
SsuonedUNWWod Jengal ur yuatedsuer) aq / isnay p[ing / (Ansnput

Ak 40) X Aq 9sn10dxa 23 SANSSI UOWWO0I) SJIoUI0)snd se a3engue] awes ay) yeads 03 A1, 8T
SIow0Isnd

Ak 40) X U3IM IS} 9)etauasd 03 UOREIIUNWIIOD JO SUBSW pUE uonedrunwwod duraoidw] 21
'sadua]

YA M) X -[BY2 saLnisnpul 433 Jno jo uonerdardde ydnoayy A3a3en3s Ayjiqeureisns dopasq 91
uonesIeI3Ip ysSnoayl passalppe aq p[nod siy ], ,sal[e, Way} ayew pue

A0 X S.Jop[oyayels 93e3us — UorEIIUNWWOI Y3NOoIy3 S}0e3U0d JNIYJIp 210w 95euey G

DI ¥ OLIRUIIS € OLIRUIIS Z OLIRUIIS T OLIBUIIS SOLIBUIS [V

uonoy Jigajens

194



These actions shall be taken because technological advancements are not taken advantage of
across the supply chain in these scenarios and the supply chain itself is largely scattered. This
approach should also be used to make the company more attractive to potential new staff.
Further, company 2 wants to increase their collaboration with public industry support organ-
isations specially to develop a better understanding of their existing skills referring to ICD
C2.5 which currently is at an adaptive maturity level and ICD C4.2. They want to use industry
support organisation’s network and knowledge of other industries to expand (ICD C2.3 /
adaptive, ICD C2.6, ICD C4.2). This approach needs considerable effort as supply chain support
remains scattered and difficult to access in these scenarios. However, company 2 sees the val-

ue of getting access to expertise and funding beyond the private sector.

For scenario 2 ‘hibernating like a polar bear’, company 2 wants to increase supply chain resil-
ience (ICD C2.4 / adaptive) especially in the UK and in politically aligned countries. Whereas
the connectivity of supply chains in Scotland and the UK is already at a good level in this sce-
nario, especially good collaboration with foreign members of the supply chain is believed to
need a boost. Market research should additionally show opportunities to expand internation-
ally. In this context more effort should be made to convince private investors to invest into the
Scottish aerospace sector as existing funding opportunities are mostly only government relat-
ed. Therefore, on a Scottish level, company 2 also wants to increase their awareness and ca-

pabilities of accessing public funding (ICD C2.5).

For scenario 4 ‘gliding like a dolphin’ company 2 does not develop any specific strategic ac-
tions. Here solely the actions designed for all scenarios come into play as it is believed that

they will help take even more advantage of the positive situation in scenario 4.

8.2.3 Supply chain

The supply chain group follows a similar approach to the strategizing exercise to improve the
innovation capability of the supply chain scoring model as companies 1 and 2 do for the com-
pany level. They decide on a number of strategic actions which they intent to implement for
all scenarios alike. Nevertheless, the supply chain group believes that current developments
are closest to scenario 3 ‘working like a donkey’. Most intervention, however, needs scenario

1 ‘hidden like a turtle in a shell’. A total of 15 strategic actions is developed. How many actions
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are designed for which scenario can be found in Table 8-9. Strategic actions can be designed

for more than one scenario.

Within these strategic actions there is a focus on ICD SC3 ‘Public supply chain support’ with 6

strategic actions and on ICD SC1 ‘Supply chain structure and governance’ with 10 actions.

Within ICD SC1 there is a clear focus on ICD SC1.8 ‘Joint value capturing with supply chain

members and public support organisations’ which accounts for 6 strategic actions alone.

Table 8-9: Number of strategic actions per scenario (actions can aim at more than one scenario)

Scenario

# strategic actions (Total 15)

For all scenarios

1 - Hidden like a turtle in a shell

2 - Hibernating like a polar bear

3 - Working like a donkey
4 - Gliding like a dolphin

9

5
2
4
0

Table 8-10 shows how many actions are developed in relation to which ICD. Strategic actions

can be used for more than one scenario and can address more than one ICD.

Table 8-10: Number of strategic actions in relation to ICDs (actions can aim at more than one

ICD)
ICD Subdimension # strategic Current IC ma-
actions turity level
SC1 Supply chain struc- SC1.2 Communication 2 2 - adaptive
ture and governance SC1.4 Regulation 1 1 - reactive
SC1.7 Supply chain visibility 1 3 - proactive
SC1.8 Joint value capturing with supply chain 6 2 - adaptive
members and public support organisations
SC2 Supply base SC2.1 Supply base resilience 2 1 - reactive
SC2.2 Technology adoption capability 1 2 - adaptive
SC3 Public supply chain SC3.1 Availability of public funding for supply 2 2 - adaptive
support chain and supply base development
SC3.2 Availability of public support organisa- 4 2 - adaptive

tions for supply chain and supply base devel-

opment

196



In the following the strategic actions in relation to the different scenarios and the supply chain
ICD they target are presented scenario by scenario. Strategic actions target ICDs of different
innovation capability maturity levels regarding the assessment in chapter 6. A full list of stra-
tegic actions for the supply chain level, for which scenario they are meant, and to which ICD
they relate, can be found in Table 8-11, screenshots of the Miro board can be found in appen-

dix A.C8.3.

The strategic actions designed for all scenarios alike aim at influencing policy making mainly.
Actions here aim at collaboration along the supply chain and across the whole aerospace sec-
tor to raise awareness of the sector with Scottish government, as at present it is no priority.
This way it is hoped to design support programmes and funding programmes which suit aer-
ospace needs better aiming at increasing ICD SC3.1 and ICD SC3.2 from an adaptive level to a
proactive level of maturity. As a part of this the supply chain group wants to encourage policy
makers in Scotland to quickly simplify the Scottish industry support landscape to make it eas-

ier to comprehend, to navigate, and to access existing support (ICD SC3.1, ICD SC3.2).

Strategic alliances across the supply chain and the wider industry should not only aim at in-
fluencing policy making, they are also meant to aim at collaboration on innovation and re-
search and development projects to raise the current adaptive level of innovation capability
maturity of ICD SC1.8 to a proactive level. For this purpose, special collaboration programmes
should be designed which also facilitate better communication between companies within the
supply chain, the supply chain, the government, and universities and colleges (ICD SC1.2)
which is currently at an adaptive maturity level. One important pillar for the design of such
programmes is understanding the current capabilities of the supply chain. Even though in
theory the visibility of capabilities is high (proactive maturity level), there is no database
bringing together the data. The supply chain group wants to change this (ICD SC1.7). Another
important pillar is the expected NetZero orientation of the industry worldwide. Hence, Net-

Zero could be used as unifying interest of all parties (ICD SC1.8).

197



Strategic actions with targeted scenario and ICDs for supply chain level

Table 8-11
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The strategies for scenarios 1 ‘Hidden like a turtle in a shell’ and 3 ‘working like a donkey’ are
highly similar as they aim at mitigating impacts posed by both scenarios alike, mainly the scat-
teredness and low competitiveness of the supply chain. Hence, strategic actions aim at
strengthening the resilience of the Scottish supply base or ICD SC2.1 which is at a reactive ma-
turity level at present. First, of all programmes should be designed that encourage companies
from other sectors to enter aerospace. This would require lowering entry barriers where pos-
sible. At the same time, the existing supply base should be encouraged more to be involved in
the creating new supply chains for new products (ICD SC1.8, ICD SC2.1). To be better pre-
pared, the supply chain group suggests encouraging collaboration to ensure that large parts of
the supply base are at a similar advanced level of technology referring to ICD SC2.2 which is at
an adaptive level. One action, that has been proposed, would put more restriction in place and
therefore would make ICSM SC1.4 even worse than it already is with a current reactive ma-

turity level. It is demanding local content of products being assembled in Scotland.

For scenario 2 ‘hibernating like a polar bear’ two strategic actions are developed. As in this
scenario international collaboration is highly limited, the supply chain group wants to counter
act this and actively encourage collaboration with parts of the supply chain located overseas
and push for policies opening up the country (ICD SC1.8). At the same time the supply chain
group wants to explore more domestic markets opportunities like developing capabilities to

be more relevant for the defence sector (ICD SC1.8).

For scenario 4 ‘gliding like a dolphin’ the supply chain group does not develop any specific
strategic actions. Here solely the actions designed for all scenarios come into play as it is be-

lieved that they will help take even more advantage of the positive situation in scenario 4.

8.3 Answer to research question RQ-P4: Recommendations for policy

making in Scotland to boost innovation capability

This chapter aims at deriving qualitative suggestions for policy making to support before de-
veloped strategies for the analysed aerospace supply chain in particular and for the whole of
the Scottish aerospace industry in general from a government perspective. The two main poli-
cy documents that are relevant at the point in time of writing this thesis, are the manufactur-
ing recovery plan for Scotland (ScotGov, 2021b) outlining an interims strategy to support

Scottish manufacturing throughout the Covid-19 pandemic, and the future national innova-
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tion strategy for Scotland (ScotGov, 2023) which outlines a ten year strategy to make Scotland
as an economy a leader in innovation within the community of small countries. Hence, these
documents are used to position policy suggestions. No other relevant policy documents can be

identified after conducting additional literature searches.

Most important for policy makers is to realise their importance for the development of the
aerospace industry and its supply chains in Scotland and to realise the importance of the aer-
ospace industry in Scotland for the Scottish economy. As the aerospace industry is not even
listed as separate entity within the economy by the Scottish Government, there is a real need
to raise awareness. Once the awareness is created, targeted policies should be developed ad-
dressing sector needs. Unfortunately, the manufacturing recovery plan for Scotland (ScotGov,
2021b) only focusses on the manufacturing sector as a whole as well as the new national in-
novation strategy (ScotGov, 2023). There is no specification for subsectors. However, needs of

subsectors can be very different.

The main four needs identified by this study for the aerospace supply chain for innovation
capability building relate to open innovation, supply chain resilience, funding, and skills. How

policy makers could approach the shortcomings in these areas is explained in the following.

8.3.1 Open innovation

To support the development of new partnerships for joint innovation activities beyond exist-
ing collaborations, policy makers could support public industry support organisations like
NMIS, Scottish Engineering, and Scottish Enterprise and private industry support organisa-
tions like ADS to foster more collaboration. This is already part of the manufacturing recovery
plan for Scotland (ScotGov, 2021b) and the national innovation strategy (ScotGov, 2023) in its
key area collaboration and networks, but it would also be needed to support innovation capa-

bility building in particular in the aerospace sector.

As both are not precise in its actions, at this point precise actions are suggested. First of all,
the public support landscape could be made easier to navigate. With NMIS as general contact
point a first step has already been made. However, an efficient system should be developed to
easily connect an inquiry with the right people in the right industry support organisation.
Once these processes are in place, these organisations can start creating data bases with com-

panies, their markets and their capabilities. They can then find the right support or the right
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industry partners for each inquiry. Policy making should here focus on expanding their net-
work as many companies are not members of any support organisations and networks and
thereby under the radar of potential collaboration. To be efficient, private and public support
organisations should be encouraged to work together more closely. Thus, an innovation sys-
tem would be built. Public support organisation should also focus more on fostering the con-
versation between subsectors and policy making as aerospace needs are repeatedly not re-

flected in policy making.

8.3.2 Supply chain resilience

As the aerospace sector in Scotland is small and available capabilities are limited to certain
areas like engine maintenance, policy makers could develop policies supporting the structural
developments of new aerospace capabilities. This at a high level is reflected in the manufac-
turing recovery plan as well (ScotGov, 2021b) in the key area supply chains and competitive-
ness as well as in the national innovation strategy (ScotGov, 2023). However, again it is fo-
cussed on the whole of the manufacturing sector. There are no plans for subsectors. Support-
ing structural developments of the aerospace sector would not only support resilience and
security of jobs but it would also directly support innovation capability building. The devel-
opment of such support should be closely aligned with the needs of large aerospace OEMs.
Thus, the Scottish aerospace sector would become more attractive for them. The development
of new capabilities could be realised by motivating companies with needed capabilities from
other sectors to move into aerospace. Public support organisations could foster the conversa-
tion between the sector and the government here as well. Precise support actions could be
incentivised support for aerospace certification. Tax incentives could also be considered for
these companies. Tax incentives for aerospace companies from other countries could also be
an option if they agree to create jobs in Scotland as foreign direct investment. Focussing on
special emerging subsectors of the industry like remanufacturing of aircrafts could be a suita-

ble starting point.

8.3.3 Funding
Funding on UK level and on the Scottish level is simply too complicated. There are too many

rules and regulations, too many institutions involved, and approval times are substantial. This
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requires companies to spend not unsignificant resources on solely navigating the funding
landscape. Submitting application additionally require expertise and capabilities which many
SMEs simply do not have. Hence, accessing public funding must be made easier and the pro-
cesses must be sped up otherwise it is simply not an option for SMEs which are in return es-
sential for building a resilient supply chain in general and for the development of supply
chains of emerging subsectors. Funding regulations at present tie funding always to very spe-
cific purposes, broad innovation support funding is hardly available. This should be changed
to support companies in the sector in general. Many SMEs do not have the financial capacities
to invest into new production technology, thereby efficient upscaling becomes difficult. How-
ever, upscaling and commercialisation of innovation is explicitly exempt from public funding.

Funding needs to be more sector needs focussed.

Whereas the manufacturing recovery plan (ScotGov, 2021b) and internal NMIS efforts aim at
centralising the access to support in NMIS itself, there seems to be little emphasis on this in
the national innovation strategy (ScotGov, 2023). The recovery plan and national innovation
strategy aim only at providing more funding, which is a positive development, however, the

impact will remain limited if funding rules are not simplified and processes sped up.

8.3.4 SKills shortage and education

The shortage of skills is after all the main issue for the future of the aerospace sector and of
other sectors requiring talent and specially trained staff. The assessment of the status quo of
innovation capability of the aerospace supply chain and the derived strategic actions for fu-
ture development seem to point at a communication issue between the aerospace sector and
education systems. Whereas the recovery plan speaks of creating meaningful work experience
to fight graduate unemployment, education must become more relevant for aerospace in gen-
eral. Universities need to incorporate aerospace requirements, including work placements of
significant time would help creating a better bond between universities and the sector. What
is needed is education in skills relevant to the sector, not only knowledge. Work placements
could also help graduates going straight into jobs in the sector as the company the already
work for knows them and has spent significant time and even money in integrating them into
their operations already. This is a common approach in Germany across engineering and
business disciplines. The NMIS skills academy is good start to train technicians on a non-

academic level and the recovery plan aims at developing more such programmes.
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This approach could help graduates being integrated more easily in the job world and would
prevent them moving away from Scotland because they cannot find jobs. On the other hand,
this would make it easier for employers to attract the workforce they need as they do not have

to recruit them from far away.

8.3.5 Conclusion

The suggestions for policy making are not necessarily new topics as they are in some way or
another reflected in the manufacturing recovery plan for Scotland (ScotGov, 2021b) even
though the objective of the recovery plan was not specifically to raise innovation capability
directly and in the national innovation strategy (ScotGov, 2023). The shortage of skills is as
old as the complexity of the industry support landscape and the complexity and inadequate-
ness of public funding. This shows two things. Policy makers either do not listen enough to
specific industry needs, and the recovery plan highlights this by addressing only high-level
issues without going into detail of specific subsectors, or they actively ignore to support these
subsectors’ needs. If it is an unawareness issue, this study can help raise awareness by point-
ing out what is needed to improve innovation capability in the aerospace supply chain from a
policy making perspective. If the issue is ignoration, all this study can do is raise awareness

within the aerospace sector that they need to increase their effort of being heard by politics.

8.4 Evaluation of MaSCICMAF as strategy guidance in connection with the

scenario strategizing methodology

In this section the application of MaSCICMAF together with the scenario strategizing method-
ology is reflected on as field validation of MaSCICMAF as strategy guidance. For this purpose,
an intellectual arbitrage approach had been chosen with the workshop host or researcher
being an observer to the research while the participants reflect on MaSCICMAF and its appli-
cation along with the scenario strategizing methodology after the workshop through a feed-
back questionnaire. Said questionnaire can be found in the appendix A.C8.4. A total of eleven
questionnaires were returned from participants of the company workshops and the supply

chain workshop. This constitutes in a 65% return rate.
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Participants rate MaSCICMAF as very helpful to create innovation capability improvement
strategies, as guidance for which innovation capability dimension to improve and in what
way. A score 4.4 of five could be achieved. Hence, MaSCICMAF is considered validated as

strategy guidance.

Most challenges which occurred during the workshop were rather related to scenario strate-
gizing than MaSCICMAF. These challenges are put into context of findings of the application of
the methodology for topics other than innovation capability development. Suggestions are

derived for future application.

It is important to state that all participants from companies one and two and all participants
of the supply chain group have not had any prior experience with scenario-based strategizing
and that they are not involved in the initial development of the future scenarios for manufac-
turing in Scotland (see chapter 7). This had an influence on the application of the method and
confirms Chermack (2011) findings that experience is an important factor for the application
of scenarios in strategizing. Significant explanation is needed to explain the methodology itself
and its objectives, but also the developed scenarios and what these scenarios are. Participants
from company one struggle to get into the right mindset for scenario strategizing. They re-
peatedly solely want to work just with the scenario closest to the status quo. It takes signifi-
cant convincing that the benefit of the methodology lays in planning for all scenarios. Further,
representatives from company one repeatedly try to change the scenario story lines by strate-
gic actions, requiring more explanation that the scenarios pose external developments influ-
encing the business. The business itself reacts to these influences with internal strategic ac-
tions. The actions of a single company however will not change global macro-economic
trends. This, however, is a common mistake made by people with little experience with sce-

nario strategizing (Chermack, 2011).

Other obstacles to effective scenario strategizing are certain types of biases. The first bias that
could be identified in all workshops is the neglect bias. The neglect bias is a bias where highly
uncertain events are simply dismissed (O’Brien, 2004). Tightly connected to the neglect bias is
the stability bias. This bias manifests itself by projecting the past into the future (O’Brien,
2004). Especially company one struggled here as described above when focussing on the sta-
tus quo. Both biases lead to under exploration of the full range of possibilities. During all

workshops participants drifted away from discussing scenarios and intuitively simply pro-
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jected the past into the future, even though this was no scenario itself. Both these biases are

common if there is little experience with scenario strategizing (O’Brien, 2004).

The application of the methodology for innovation capability building shows that certain in-
novation capability dimensions especially for the company scoring model are wanted to be
developed regardless of the scenario and the different external impacts they pose. These di-
mensions mainly focus on leadership and culture, meaning inward facing developments and
no direct reactions to external impacts. Nevertheless, once the scenarios themselves and the
strategizing methodology is understood, company and supply chain group participants devel-
op a deep understanding of the opportunities and threats which the different scenarios pose.
For different scenarios different strategic focusses are adopted and useful strategic actions
derived on company and on supply chain level. However, an innovation capability expert re-
mains necessary as participants need to be guided through MaSCICMAF and its innovation

capability dimensions.

One noteworthy observation of the strategies developed by both companies and the supply
chain group is that designed strategic actions target ICDs of different current maturity levels.
There is no pattern recognisable of focussing on ICDs at a reactive level or at ICDs with a pro-
active level to increase existing strengths. Motivation for which ICD to target seems more re-
lated to the ease of implementation and to actions which have been discussed in different con-

text before the conducted workshops for this research.

On company scoring model level it is unexpected to see that no company aims at improving
their innovation processes (ICD C4) despite both companies explicitly stating that they have
shortcomings there which they would like to resolve. The same can be said for the change and
risk attitude on supply chain scoring model (ICD SC1.5) and for the company scoring model
for both companies (ICD C1.1), as it is at a reactive level in all cases and identified as one of
the major barriers to innovation during the workshops but yet no strategic actions are de-

signed to address the challenge.

Afterall, the issues that have been identified of the application of the method are all due to
inexperience of the workshop participants and are all common mistakes in general scenario
strategizing. No issues directly related to the application of the methodology for strategic in-

novation capability development could be identified, except that a good understanding of
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what innovation capability and its dimensions are, is required. Hence, it can be argued that

scenario strategizing is a valid methodology for innovation capability development.

As a last comment, the based on provided feedback language of the framework was slightly
adapted again after the strategizing workshops leading to a second revision of MaSCICMAF.
This is the final version that is presented in this thesis. To improve the future application of
the scenario methodology for innovation capability building, a number of changes to the
workshop design is proposed. Firstly, the participants of at least the supply chain group work-
shop should participate in the development of the future scenarios and not only in the strate-
gizing part. This way a better understanding of what future scenarios are, what the methodol-
ogy is, and how to use them for strategizing can be developed. Further O’Brien (2004) and
Chermack (2011) state that the engagement in the strategizing process is higher if partici-
pants also help designing the scenarios and before mentioned biases and inexperience im-
pacts could be avoided. This, however, requires a much larger time commitment. Whereas the
supply chain group might be able to offer this time, company representatives, especially from
SMEs, are highly unlikely to have enough time available. The fact that for the present work-
shop setup not more companies could be found to take part, supports this hypothesis. The
strategizing process itself does not require any modifications. However, before starting the
process, it makes sense to identify innovation capability dimensions that are desired to be
improved regardless of the scenarios, so that strategic actions can be developed once without
being repeated for all four scenarios. Nevertheless, a future scenario expert and an innovation

capability expert remain necessary to conduct the strategizing workshop.

8.5 Summary

Given the nature and complexity of findings developed in this chapter, at the end a short
summary of said findings is presented. The aim of this chapter was to answer research ques-
tions RQ-P3 and RQ-P4. RQ-P3 aimed at developing improvement strategies for innovation
capability based on the audit outcomes of chapter 6, where two companies and a supply chain
group of the same aerospace supply chain were analysed for their current innovation capabil-
ity. In this context for each of the two companies on a company level and for the supply chain
group on supply chain level, a set of fife strategies for improvement were developed with one

strategy as a response to each of the future scenarios developed in chapter 7. A fifth strategy
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comprises activities for innovation capability improvements that should be carried out re-
gardless of the scenario. After this last strategy is put in place, the response strategies for each
scenario can be triggered if the company or the supply chain group conclude that real devel-
opments over time jump from one scenario to another. The structure of these strategies in

presented in Figure 8-1.

Innovation capability audit results (chapter 6)

A 4

General improvement strategy 5
(to be realised independently of
scenario)

5

If If If If
Scenario 1 - Hidden Scenario 2 - Scenario 3 - Scenario 4 -
like a turtle in a Hibernating like Working like a Gliding like a

shell polar bear donkey dolphin
Strategy 1 Strategy 2 Strategy 3 Strategy 4

Figure 8-1: Overview over how innovation capability improvement strategies relate to scenari-

os (same structure of strategies for each company and supply chain group)

Research question RQ-P4 aimed at deriving advice for policy makers to support the feasibility
of the before developed improvement strategies for the individual companies as well as for
the supply chain on the supply chain scoring level. Four main points for improvement from
policy side could be identified which are summarised in Table 8-12. However, it is important
to state again that the findings of this research confirm known shortcomings and can only be
understood as additional proof that policy makers should finally approach these shortcom-

ings.
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Table 8-12: Summary of policy advice

Policy area

Main improvement suggestions

Open innovation

e  Simplify industry support landscape
e  Encourage public industry support to expand their networks and en-
gage unengaged businesses

Main purpose: Connect businesses and public support more closely

Supply chain resilience

e Incentivise investments into aerospace (not only general manufactur-
ing)

Main purpose: Attract more aerospace companies to Scotland or Scottish

companies to move into aerospace to make sector more attractive for for-

eign investments

Funding

e  Simplify funding landscape

e  Make funding rules more general and extent beyond only research and
early-stage innovation support, i.e. for upscaling

Main purpose: enable companies to access more available financial sup-

port and use it more broadly

Skills shortage and education

e  Enable better communication of specific aerospace sector needs to
universities
Main purpose: develop graduates that have skills required by aerospace

sector so that graduates are hired directly
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CHAPTER 9

Discussion

ow that all research questions have been answered, it is time to analyse the mean-
ing of all findings of the research and to position them in the wider academic con-

text along with a discussion about the research validity itself.

9.1 Discussing MaSCICMAF

The main research output of this research is naturally the answer to research question RQ-A1,
the framework MaSCICMAF as framework to express innovation capability maturity of manu-
facturing supply chains. MaSCICMAF is the result of a systems approach to supply chains, con-
sidering supply chains socio-technical, dynamic, evolving, adaptive systems, with different
organisations operating within the supply chain with internal dynamics and dynamic interac-
tions of the organisations. As most supply chains in some way use the SCOR model], it is used
in this thesis as a basis of all systemic considerations. The system perspective and the SCOR
approach to intra and inter supply chain planning allows to separate the company scoring

model of innovation capability from the supply chain scoring model highlighting that the in-
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novation capability of a supply chain consists of the innovation capability of individual com-
panies within a supply chain and the innovation capability of the supply chain as an innova-
tion ecosystem. The developed framework MaSCICMAF offers a comprehensive visualisation
of what innovation capability dimensions contribute to company level innovation capability
and which ones contribute to the supply chain as innovation system. MaSCICMAF offers three
maturity levels, reactive, adaptive, and proactive innovation capability. The descriptions of
each maturity stage provide an understanding of how innovation capability dimensions can

be characterised on these different maturity levels.

To understand the significance of MaSCICMAF, it makes sense to look back at the original re-
search gap this thesis is built on. In the light of competition taking place more and more on the
basis of the capabilities of whole end-to-end supply chains rather than the capabilities of sin-
gle companies alone (Farahani et al., 2014), certain limitations of exiting literature was identi-
fied. Important to repeat here is that especially the end-to-end supply chain matters. Especial-
ly policy makers want to evenly raise capabilities within the whole supply chain to raise the
overall competitiveness, resilience, and attractiveness for investments into a supply chain, or

a whole sector within an industry.

Existing research like Iddris (2016) only focusses on the immediate supply chain, meaning
direct suppliers and customers. This approach, however, is only for direct supply chain opera-
tions, it does not help to derive information for policy advice supporting the whole supply
chain, nor does it help corporate decision making into which supply chain within which coun-
try to invest into. MaSCICMAF, however, allows such an end-to-end perspective. With the sys-
tems approach to supply chains, basically any type of supply chain can be analysed for innova-
tion capability. The systems approach allows any number of supply chain actors on any
amount of TIER levels to be analysed. The systems approach explicitly also allows only the
view on a single company or only on the immediate supply chain. Hence, extends the findings

of Iddris (2016).

A point of serious criticism within the existing literature was the use of singular metrics that
do not take intangible aspects like company, or supply chain culture, and behaviour into ac-
count. Studies of innovation capability of single organisations had moved to using maturity
models already to overcome this limitation, and MaSCICMAF has followed this approach con-

sequently as well.
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Another weakness in existing literature was about research being done either into only spe-
cial types of innovation (Mendoza-Silva, 2021, Saunila, 2019) or only into special dimensions
of innovation capability (Enkel et al.,, 2011, Arends and Advisory, 2018, Saunila and Ukko,
2014). MaSCICMAF has taken these limitations into account by taking a holistic stand. All di-
mensions that could be identified in existing literature, no matter if capabilities or supporting
factors, have been integrated into MaSCICMAF. The broad approach allows not to focus on
specific types of innovation but treat innovation as holistically as its definition given in chap-
ter 2.1. In relation to this, a main point of criticism raised i.a. by Mendoza-Silva (2021) was the
inconsistency of the dimensions used across studies. As MaSCICMAF takes all dimensions that
have been researched individually into account, the set of dimensions used for MaSCICMAF
could function as unification and as future basis for a more consistent use of what constitutes
innovation capability of supply chains. However, this is out with the control of this thesis and

depends on future developments within the research community.

Even though the framework is qualified to fill the research gap and answer research question
RQ-A1, there are a few weaknesses which need to be discussed. Firstly, it is a conceptual, qual-
itative framework. There is no ranking of importance of different top-level or sublevel dimen-
sions. The framework can just assess if a company performs well in a single sublevel dimen-
sion or a top-level dimension. Thus, there is no final score or classification if a company or the
supply chain has an overall good innovation capability. This also means that no prioritisation
for actions for improvement can be deducted solely from the framework. Improvement sug-

gestions can just be given for either sublevel dimensions or top-level dimensions.

In general, the framework is meant to be holistic and cover all identifiable innovation capabil-
ity dimensions. However, dimensions like technology adaption or knowledge management are
complex matters in itself. Consequently, to identify roots of bad performance other specialised

maturity framework or diagnostic tools might be needed.

The validation of MaSCICMAF in itself also holds a few limitations which need to be men-
tioned. As De Bruin et al. (2005) suggests there should be two levels of validation of the
framework. One should be a verification of the academic reliability and validity of the frame-
work’s architecture and the maturity stage descriptions from a theory perspective, the other
one a practical validation through application of the framework in the field. Both have been
carried out and amendments have been made especially to maturity stage description word-

ings. Whereas MaSCICMAF passed both validations, especially the field validation is limited in
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its generalisability. The application method of MaSCICMAF using focus groups to determine
the status quo and a workshop to develop an improvement strategy is very time intensive
and, hence, it was complicated to find organisations which were willing to take part in the re-
search. Therefore, only two companies out of the four companies of the selected aerospace
supply chain agreed to participating. The reasons here is that the economy picked up again
and the aerospace industry in general was very busy at the time of recruiting companies in
late 2021. Whereas two companies’ innovation capability analysed in depths created mean-
ingful insights, more companies would have led to a richer picture. Analysing the supply chain
group however, provided the necessary rigour on the supply chain level. Either way, MaSCIC-
MAF has solely been applied to one supply chain and future application could raise reliability
and trust into MaSCICMAF. To ensure more participation and to make MaSCICMAF usable for
policy makers and managers without an innovation capability background, the application
method of focus groups and strategy workshop should be made independent of a facilitator,
with as much data collection for the audit of the status quo through individuals time inde-

pendently. Only that way a broader adoption of MaSCICMAF seems realistic.

9.2 Discussing practical findings of the case study

The field validation of MaSCICMAF also holds some additional findings which should not be
forgotten about in this discussion. The field validation itself offered sudden practical rele-
vance when the Covid-19 pandemic hit. The idea was to support the Scottish Government’s
manufacturing recovery plan and the innovation strategy for Scotland by analysing current
levels of innovation capability of supply chains and improvement strategies. However, to de-
rive meaningful and impactful advice for policy making a better impression on how the Covid-
19 pandemic had impacted innovation in different manufacturing sectors in Scotland had to
be investigated. After conducting twenty-two interviews with eleven organisations, it can be
said that innovation had become more of an imperative and worked as an accelerator for in-
novation. Many business across the whole of the manufacturing industry in Scotland had to
make changes to some aspects of their business and innovate as a direct or indirect effect of
the Covid-19 implications. Moving forward after the pandemic, climate change respectively
NetZero and digitalisation are thought to be the biggest drivers for innovation across all man-
ufacturing sectors. However, remaining Covid-19 impact, disrupted international electronics

supply chains, and the energy crises caused by the Ukraine war, pose significant challenges for
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the industry. Besides these rather short-term challenges, the skills gap is believed to be the
biggest longer-term challenge. In this context, three sectors were of special interest, the aero-
space, the food and drink, and the chemical and pharmaceuticals sector. It was concluded that
the food and drink sector and the chemical and pharmaceutical sector both are able,
equipped, and proactive enough in their innovation behaviour to handle threats and seize op-
portunities. In contrast, the aerospace industry in Scotland, as the economically hardest hit
industry, is in need of innovation capability building support. The sector has been affected
significantly by travel bans during lockdowns. Especially larger aerospace manufacturers, in
order to adjust their cashflows to the Covid-19 impact, made larger numbers of staff redun-
dant or even closed down whole sites in Scotland. Redundancies were made hastily and with-
out proper planning. Effectively, everyone who wanted to leave could receive a pay-out. This
has led to uncontrolled loss of skills, skills companies were not even aware of that they lost,
skills which are incredibly difficult and time consuming to rebuild. Within an already dire sit-
uation during the Covid-19 pandemic of international travel, this has impacted the innovation
capability of the sector to react in a short-term way to disruption and also in a longer-term
perspective to build back after the pandemic. Hence, the aerospace sector might still see more

disruption and challenges in the aftermaths of the pandemic.

These findings are especially interesting when they are put into context of existing knowledge
from before the Covid-19 pandemic. The skills gap as general issue for all Scottish manufac-
turing is an issue that has been known for years (MacBryde et al., 2009). That the aerospace
sector was not in s good state in Scotland before the Covid-19 pandemic is also no secret
(McGeoch and Spowage, 2020). Covid-19 consequently seems to have worked as an accelera-
tor of these existing issues. During Covid-19 the Scottish government has developed two
strategies to address these issues at least in part. The first one is the manufacturing recovery
plan for Scotland (ScotGov, 2021b) which is an interims strategy to easy the situation in the
short-term. The second one is the innovation strategy for Scotland (ScotGov, 2023) which re-
mained in a pre-release state by the time this research was carried out. At this point, it was
already clear that even though there are shared obstacles across manufacturing sectors, there
are many unique obstacles and challenges in each sector. Whereas the findings of this re-
search lead to the strong recommendation of developing improvement strategies like the re-
covery plan and the national innovation strategy in theory, both documents do not seem to
take into account these differences in challenges and uniqueness of challenges across different

sectors.

213



What especially the situation is in the aerospace sector and how special improvement strate-
gies could look like, is the result of the field validation of MaSCICMAF as audit tool and the
answer to research question RQ-P2. For one aerospace supply chain an audit of that current
state is carried out as well as improvement strategies are developed. The current state of in-
novation capability depends on each innovation capability dimension. As for strengths, there
is significant collaboration along the supply chain. Not all parts of the supply chain are neces-
sarily connected but in parts there is collaboration that is based on longevity. There is good
supply chain visibility. As for weaknesses, there is significant resistance to change within or-
ganisations and individuals. In general, the topic innovation does not seem to be considered
important neither within the supply chain nor the analysed single companies. Hence, there
are no individual innovation strategies and the few existing innovation projects remain signif-
icantly under resourced. The size of the aerospace industry in Scotland is another disad-
vantage for innovation capability. The existing industry solely covers certain parts of the
whole aerospace value chain that is needed to produce whole aircrafts. This means that there
are gaps in capabilities which make Scotland unattractive for international OEMs as they can
get local innovation systems with a better capability base elsewhere. Lastly, current public
funding practices in Scotland and the UK are highly disadvantageous for the aerospace sector
as they are complex and complicated to navigate. The innovation support landscape itself is
too complex and scattered to be easily navigable especially for SMEs making engagement un-

likely.

It is important to highlight the limitation of generalisability of the results. Only two companies
of the four TIER supply chain could be analysed in depth. The supply chain group gave signifi-
cant further insights into the supply chain perspective beyond the single organisations as well
as into the aerospace sector as a whole. Nevertheless, for a solidly reliable impression of the
Scottish aerospace sector as a whole, more supply chains within the sector have to be ana-
lysed (Saunders et al., 2016). As the main focus of the current case study was to validate the
framework, more in depths application of the framework is considered an avenue for future

research.

From these audit findings a set of improvement strategies has been derived for which policy
support would be wished for to make their implementation more successful. This constitutes
the answer to research question RQ-P3. Whereas the individual strategies for improvement

depend on internal priority setting by the companies, the supply chain group aimed more at a
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direct policy improvement for the sector. Four main areas for changes in policies were identi-
fies. These were open innovation support, building more supply chain resilience, changing
funding practices, and advice on skills shortages and education. For open innovation, policy
making could aim at making capabilities within the sector and the wider manufacturing in-
dustry more transparent and actively encourage companies to collaborate. A first start could
be to reform the innovation landscape and make it more accessible and navigable. For supply
chain resilience purposes, policy makers need to realise the importance of the sector as it is
for Scotland and more needs to be done to develop and grow the sector actively. Just with
growth significant improvements in supply chain resilience can be achieved is the attitude,
relating to competition of supply chains and not only single companies (Farahani et al., 2014).
However, the national innovation strategy (ScotGov, 2023) and the manufacturing recovery
plan (ScotGov, 2021b) both do not outline specific plans for the aerospace sector in Scotland

only for manufacturing as a whole, missing an important opportunity.

The complicated funding rules need to be simplified. Simplification needs to target accessibil-
ity of funding on the one hand by broadening the spectrum of what can be funded, and, on the
other hand, application and approval processes need to be made more straightforward and
less time intensive. Just this way, the aerospace sector would see significant raises in engage-
ment with public funding. The biggest challenge, however, is the skills shortage in the aero-
space sector. In relation to this, the innovation capability assessment shows an estrangement
of the sector needs and the education system offering. Policy making, in line with the triple
helix idea (Leydesdorff and Etzkowitz, 1998), should foster communication between the aero-
space sector and the education sector, to create meaningful and suitable education needed by
the aerospace sector. The national innovation strategy (ScotGov, 2023), however, sets no clear

objective for learning from industry. Industry is merely seen as a source for money.

As those strategies and the policy making advice are based on the future scenarios developed
in chapter 7, the scenario approach as such has to be discussed as well. Together with an ex-
pert panel of the manufacturing industry in Scotland four scenarios were developed. The ex-
pert panel concluded that the critical driving forces of future development of the sector are
innovation and its diffusion and international relationships and trade, as these are highly un-
certain and impactful. Along these driving forces four scenarios were developed for a fifteen-
year timeframe outlining a scenario with both driving forces being negative, two scenarios

with one positive and one negative development of the driving forces, and one scenario with
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both driving forces developing positively. The scenarios as such are representative at the time
of creation and at the time of the strategizing workshops. However, as they were meant to be
used for future strategy making application of MaSCICMAF, an important limitation of the de-
veloped scenarios needs to be mentioned. That is that the scenarios are only as good as the
information available at the time of creation of the scenarios (Wright et al., 2013). In the pre-
sent case this means that there was no indication in the first half of 2021 that there would be
a chance for a war in Ukraine. Hence, this was not covered in the scenarios. This means con-

sequently that for future application of MaSCICMAF new scenarios have to be developed.

The use of the scenario approach for innovation capability strategizing, however, in itself is
new to the research community. The approach could be validated throughout the field valida-
tion of MaSCICMAF and, hence, can confidently be used moving forward. Nevertheless, the
same limitations to the validation of the scenario approach apply as to the validation of MaS-
CICMAF itself. The scenario approach has only been used with two companies and one supply
chain group. To build more reliability further application is recommended. Further, issues
with the application of the method itself are common issues occurring in other fields of appli-
cation as well and can be related mainly to the inexperience of participants (Wright et al,,

2013).

9.3 Discussing the research validity

Besides discussing the findings of this thesis within the wider research context, the validity of
these findings needs to be discussed at the end of this chapter from a methodological point of
view. In chapter 3 important remarks have been made about how research validity and relia-

bility are meant to be ensured.

As a reminder, for qualitative research, like the present research, Saunders et al. (2016) state
explicitly that research does not have to fulfil statistical viability like within quantitative re-
search. Merely, research in qualitative setting is considered valid and reliable based on the

appropriateness of the research methods and how they are applied.

The chosen maturity framework development methodology by De Bruin et al. (2005) has
been applied in many instances hence the methodology is valid and reliable. In detail, to en-
sure that the framework content and architecture are based on all available research, a struc-

tured content analysis with suitable search terms was carried out, which Saunders et al.
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(2016) deem as an appropriate approach to generate reliable output. The academic validation
of the framework was carried out as suggested within De Bruin et al. (2005) methodology
directly including feedback from the experts carrying out the academic validation. This has
led to a first revised framework. As in other contexts this form of validation has been consid-
ered reliable, in the present context this is considered as reliable as well. The field validation
of the framework is carried out as a case study, again following De Bruin et al. (2005) meth-
odology directly, creating reliability of the research output as a consequence. De Bruin et al.
(2005) a successful application including adaptation of the maturity framework means formal
validation in the field. The field validation and gathered feedback about the framework itself
and about the application method have let to the second revised framework and final frame-

work that is presented in this thesis.

However, it is important to explicitly state that this field validation validates the framework
officially as De Bruin et al. (2005) state, but that technically the results of the case study are
only true for the case study setting. To increase the reliability, the framework needs to be ap-

plied in different contexts or case studies over time.

As for the interviews, as there is only a limited number of interviews conducted, the selection
of suitable participants significantly contributes to the validity and reliability of the research.
The selection criteria here ensure that participants have significant insights into the manufac-
turing respectively one of the subsectors and into the internal strategy of the organisations
they represent. Specially the industry support organisations have a pivotal role as they as an
organisation need to know what is going on these sectors. As the number of participants is
small, avoiding respondent’s bias is important. Therefore, questionnaires and precise wording

of questions are developed with an expert.

Further, for research validity, all crossovers of participants have been highlighted in chapter 3
stating there is no implication on the validity of the research. Also, always the researcher has
ensured that the best suitable individual leads the research, meaning that the development of
the scenarios was led by an external expert as the researcher did not hold enough in-depth

knowledge.

Hence, it can be concluded that the applied strategy to ensure validity and reliability of the
research output stated in chapter 3 was followed and that consequently these results are reli-

able and valid.
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CHAPTER 10

CoNCLUSION

t the end of this thesis, it is time for looking at the contribution of the research and
what implications it poses for academia, practitioners, and policy making. For this
purpose, in a first step, the results discussed in previous chapters are summarised.
Then formal contributions of the research are deducted. The chapter ends with highlighting
limitations impacting the research and its results and emerging new avenues for further re-

search beyond this thesis.

10.1A review of the research results

This research has produced a number of different results in response to the research aims set

out in chapter 1. The main purpose was to answer research question

RQ-A1) How can innovation capability maturity of manufacturing supply chains be

determined?
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and thereby closing the research gap identified in chapter 2.5.3. The answer is the manufac-
turing supply chain innovation capability maturity assessment framework MaSCICMAF. MaS-
CICMAF is based on the trend that competition takes place more and more on the level of ca-
pabilities and resilience of whole supply chains rather than only single organisations
(Farahani et al., 2014). In this context it is important to explicitly analyse the innovation capa-
bility of a whole end-to-end supply chain. To allow this, MaSCICMAF is built on a systems ap-
proach to supply chains, allowing the analysis of supply chains of any length. MaSCICMAF is a
literature-based maturity framework with three maturity stages, reactive, adaptive, and pro-
active. MaSCICMAF takes into account common criticism of existing approaches to innovation
capability and adopts a multi-dimensional approach in addition to the systems approach. The

framework architecture is shown in Figure 10-1.

SC2 Supply Base SC3 Public Supply Chain Support

I SC1 Supply Chain Structure and Governance

C5 Organisational learning and absorptive capacity (innovation process)

I Cl Organisational culture and leadership
I C3 Knowledge C4 Innovation strate

C2 Entrepreneurship and w g .v } = 9y,
I e — management and communication, and open
I technology adoption innovation

New knowledge and . N
Application of Exploitation of
Opportunit; skills New knowledge and knowledge and knowledge and
PP Y identification and skills integration g dg
skills skills
acquisition

N

’ C6 Individual creativity, skills and learning ‘

_——— SUPPLY CHAIN SCORING MODEL: One supply chain within an industry

""""""""""" COMPANY SCORING MODEL: All companies in the same supply chain

Figure 10-1: Visual representation of MaSCICMAF

MaSCICMAF, following the systems approach, has a company scoring model which can be ap-
plied to every organisation within a supply chain and a supply chain scoring model which
aims at analysing the interconnection of all individual organisations. The company scoring
model consists of six different innovation capability dimensions as shown in and the supply

chain scoring model consists of three innovation capability dimensions as shown in Figure
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10-1. As most supply chains in some way use the SCOR model], it is used in this thesis as a ba-
sis of all systemic considerations. MaSCICMAF can be used as a diagnostics tool as well as a
strategy making tool for directed innovation capability improvement. MaSCICMAF is an aca-
demic literature-based framework, which has been validated in two steps. The first validation
was a validation of the architecture and maturity stages on an academic level with academic
experts. The second validation took place as an application of the framework as audit tool and
strategy tool within a case study. This field validation offered further insights which let to re-
visions of the framework and its final version as presented in this thesis. Further, the field

validation case study let to the answers to all remaining practical research questions.

The field validation of MaSCICMAF offered also sudden practical relevance when the Covid-19
pandemic hit. The idea was to support the Scottish Government’s manufacturing recovery
plan and the innovation strategy for Scotland by analysing current levels of innovation capa-
bility of supply chains and improvement strategies. However, to derive meaningful and im-
pactful advice for policy making a better impression on how the Covid-19 pandemic had im-
pacted the innovation behaviour in different manufacturing sectors in Scotland had to be in-
vestigated. After conducting twenty-two interviews with eleven organisations, it can be said
that innovation had become more of an imperative and worked as an accelerator for innova-
tion. Nearly every business across the whole of the manufacturing industry in Scotland had to
make changes to some aspects of their business and innovate as a direct or indirect effect of
the Covid-19 implications. Moving forward after the pandemic, climate change respectively
NetZero and digitalisation are thought to be the biggest drivers for innovation across all man-
ufacturing sectors. However, remaining Covid-19 impact, disrupted international electronics
supply chains, and the energy crises caused by the Ukraine war, pose significant challenges for
the industry. Besides these rather short-term challenges, the skills gap is believed to be the
biggest longer-term challenge. In this context three sectors were of special interest, the aero-
space, the food and drink and the chemical and pharmaceuticals sector. It was concluded that
the food and drink sector and the chemical and pharmaceutical sector both are able,
equipped, and proactive enough in their innovation behaviour to handle threats and seize op-
portunities. In contrast, the aerospace industry in Scotland, as the economically hardest hit
industry, is in need of innovation capability building. The sector has been affected significant-
ly by travel bans during lockdowns. Especially larger aerospace manufacturers, in order to
adjust their cashflows to the Covid-19 impact, made larger numbers of staff redundant or

even closed down whole sites in Scotland. Redundancies were made hastily and without
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proper planning. Effectively everyone who wanted to leave could receive a pay-out. This has
led to uncontrolled loss of skills, skills companies were not even aware of that they lost, skills
which are incredibly difficult and time consuming to rebuild. Within an already dire situation
during the Covid-19 pandemic of international travel, this has impacted the innovation capa-
bility of the sector to react in a short-term way to disruption and also in a longer-term per-
spective to build back after the pandemic. Hence, the aerospace sector might still see more

disruption and challenges in the aftermaths of the pandemic.

In the next step, MaSCICMAF is applied to one supply chain in the aerospace sector to deter-
mine the status quo of innovation capability within this particular supply chain to answer re-
search question RQ-P2. The main objective of this application, however, was the field valida-
tion of the framework. Two companies were analysed in two separate workshops along with a
supply chain representation group, comprising industry support organisations and policy
makers as well in a third workshop. Three strengths and four weaknesses of innovation capa-
bility could be identified. As for strengths, there is significant collaboration along the supply
chain. Not all parts of the supply chain are necessarily connected but in parts there is collabo-
ration that is based on longevity. These collaborations are characterised by mutual trust, reli-
ability, and no market power abuse. There is good supply chain visibility. As a side effect of
the high regulation in the aerospace sector, the supply chain is, at least in theory, completely
transparent. Further, there is a positive attitude towards learning and building new capabili-
ties on an individual level which is encouraged by organisations. As for weaknesses, there is
significant resistance to change within organisations and individuals. In general, the topic in-
novation does not seem to be considered important neither within the supply chain nor the
analysed single companies. Hence, there are no individual innovation strategies and the few
existing innovation projects remain significantly under resourced. The size of the aerospace
industry in Scotland is another disadvantage for innovation capability. The existing industry
solely covers certain parts of the whole aerospace value chain that is needed to produce
whole aircrafts. This means that there are gaps in capabilities which make Scotland unattrac-
tive for international OEMs as they can get local innovation systems with a better capability
base elsewhere. Also in need of mentioning is the high regulation in the aerospace sector,
which has a negative impact on innovation capability compared to sectors with less regula-
tion. Lastly, current public funding practices in Scotland and the UK are highly disadvanta-
geous for the aerospace sector. Funding practices are too complicated, decision making takes

too much time, and funding is just available for special initiatives. Further, the innovation
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support landscape itself is too complex and scattered to be easily navigable especially for

SMEs making engagement unlikely.

In a next step, it was proposed to include a strategy component into the application of MaS-
CICMAF to derive improvements of the before measured status quo of innovation capability.
This strategy element is future scenario strategizing which aims at developing different strat-
egies to react to different potential futures. In preparation of developing these strategies, the
future scenarios themselves had to be developed. Together with an expert panel of the manu-
facturing industry in Scotland four scenarios were developed. The expert panel concluded
that the critical driving forces of future development of the sector are innovation and its diffu-
sion and international relationships and trade, as these are highly uncertain and impactful.
Along these driving forces four scenarios were developed for a fifteen-year timeframe outlin-
ing a scenario with both driving forces being negative, two scenarios with one positive and
one negative development of the driving forces, and one scenario with both driving forces

developing positively.

In the following step these scenarios are used to create said strategies for improvement of
innovation capability and answer research question RQ-P3. Strategies are developed with the
same two companies and supply chain group which were analysed before. In each case one
innovation capability improvement strategy is developed to respond to each future scenario
based on the result of the innovation capability assessment. Both companies focus mostly on
creating an innovation strategy and open innovation practices with different aspects depend-
ing on the scenario. The supply chain group also focusses on open innovation and joint value

creation mostly but aspects of public supply chain support including funding are discussed.

Based on these strategies, qualitative advice for policy making was derived to support the ef-
fectiveness of these strategies in particular and innovation capability building in the sector in
general. This policy advice is the formal answer to research question RQ-P4. Four main areas
for changes in policies were identifies. These were open innovation support, building more
supply chain resilience, changing funding practices, and advice on skills shortages and educa-
tion. For open innovation, policy making could aim at making capabilities within the sector
and the wider manufacturing industry more transparent and actively encourage companies to
collaborate. A first start could be to reform the innovation landscape and make it more acces-
sible and navigable. For supply chain resilience purposes, policy makers need to realise the

importance of the sector as it is for Scotland and more needs to be done to develop and grow
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the sector actively. Just with growth significant improvements in supply chain resilience can
be achieved. The complicated funding rules need to be simplified. Simplification needs to tar-
get accessibility of funding on the one hand by broadening the spectrum of what can be fund-
ed, and, on the other hand, application and approval processes need to be made more
straightforward and less time intensive. Just this way, the aerospace sector would see signifi-
cant raises in engagement with public funding. The biggest challenge, however, is the skills
shortage in the aerospace sector. In relation to this, the innovation capability assessment
shows an estrangement of the sector needs and the education system offering. Policy making,
in line with the triple helix idea, should foster communication between the aerospace sector
and the education sector, to create meaningful and suitable education needed by the aero-

space sector.

10.2 Different contributions

These results have a number of implications and contributions for the academic community,

for practitioners, and for policy makers. These are highlighted in the following.

10.2.1 Implications for academia

On an academic level, there are several contributions of this research. As a main contribution
there is the framework MaSCICMAF itself. As explained in the literature review chapter 2,
there was a significant research gap of what innovation capability of supply chains actually
constitutes. Up to this point only innovation capability of single organisations had been ana-
lysed (Mendoza-Silva, 2021), or the impact of only certain innovation capability dimensions,
like communication with direct suppliers or customers on only certain types of innovation. No
holistic model had been available to describe, first of all, what innovation capability of supply
chains is from a general perspective. No model has been available that takes into account an
end-to-end supply chain, whereas being able to analyse a whole supply chain is crucial to
build capabilities and resilience across a whole supply chain in times of competition of capa-
bilities of whole supply chains instead of only capabilities of single organisations. With its sys-
tems approach, MaSCICMAF offers such a holistic understanding of what innovation capability
is for supply chains regardless, of the length of a supply chain or the type of innovation. With

its company scoring model for individual organisations and its supply chain scoring model for
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the interconnection of individual organisations, it sets out clear dimensions that contribute to

innovation capability of supply chains.

Second of all, the present research makes these dimensions measurable with the maturity
character of the framework. Not only innovation capability dimensions have been developed
but they have been made measurable in three maturity stages with clear definition of what
each maturity stage looks like for each dimension. These maturity stages offer a way to stand-
ardize innovation capability investigation of supply chains and hence offer comparability. The
application of MaSCICMAF in the aerospace supply chain as field validation gives MaSCICMAF
further credibility as assessment or diagnostic tool, as well as strategy tool which can be used

for further standardised research into supply chain innovation capability.

During the field validation the future scenario approach was used to generate scenarios for
Scottish manufacturing as guidelines for strategic innovation capability building. The applica-
tion of scenarios in itself is a significant contribution to academia as it had not been applied
for strategic innovation capability building. The successful application of the future scenario
method shows that the method can be successfully applied for innovation capability building.

Detailed strategies can be derived in connection with MaSCICMAF.

Further, a better understanding of how innovation in the manufacturing sector in Scotland
has changed through Covid-19 was generated, adding to other studies on a more general eco-
nomic impact. It was highlighted that innovation has become an imperative in manufacturing
changing the focus much more on active innovation behaviour and capability building. Fur-
ther, the study has shown that different sectors have reacted to the Covid-19 impact in differ-
ent ways, impacting their own innovation capability either positively or negatively showing

that other strategic actions impact innovation capability unwanted.

10.2.2 Implications for practitioners and policy makers

On a practical level, MaSCICMAF offers the option to measure innovation capability with re-
gards to the maturity stages. This assessment can be used to measure the status quo of inno-
vation capability of a supply chain and to derive strategic actions for improvements as higher
maturity stages can be used as improvement goals to reach. MaSCICMAF can be applied by

industry support organisations, by supply chain representation groups like in this research, or
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directly by policy makers. Solely the company scoring model of MaSCICMAF can be applied by

single companies to measure their own internal innovation capability and derive strategies.

In this context, the future scenario method has been proven to be a reliable and valid method
for the creation of improvement strategies for innovation capability for whole supply chains
and for single companies alike. Hence, practitioners now have a whole methodology at hand
they can use for diagnosis of the status quo of innovation capability and how to strategically
improve it in the future. In this context the in this research developed future scenarios can be
used by practitioners in the future as long as they are valid. The applicability of MaSCICMAF
and the future scenario strategizing method for innovation capability building have been

proven by the case study application in this research.

For policy makers this research has a number of important implications as main target group
of this research. First of all, the derived policy advice has a clear message. Policy making in
Scotland needs to understand the importance of the aerospace sector for the economy in Scot-

land and needs to address their needs more precisely.

In terms of the triple helix model of innovation (Leydesdorff and Etzkowitz, 1998) the analy-
sis of the aerospace supply chain can be understood as a wider diagnosis of how close the dif-
ferent parts of the triple helix model are in the aerospace sector. Understanding that there are
considerable miss communication and not aligned targets between the industry sector, the
education and research sector, and the government is key to improvement of innovation ca-
pability. This diagnosis can be used as a starting point to get all three parts collaborate more

and effectively create a joint space of all three that is able to foster this collaboration.

Further, the research contributes to policy making by supporting the manufacturing recovery
plan for Scotland (ScotGov, 2021b) and national innovation strategy (ScotGov, 2023) by un-
derstanding innovation capability of said aerospace supply chain and possible improvements
to raise resilience but also to raise competitiveness compared to other international competi-
tors. The research can also be utilised to amend the national innovation strategy for Scotland.
As an innovation strategy would mainly focus on generating innovation capability, MaSCIC-
MAF could be used by policy makers to determine existing innovation capability as well as
deriving strategies for improvement in different supply chains and in different sectors. Hence,

MaSCICMAF could be a crucial tool for policy making.

226



10.3 Limitations and future research

Whereas the research has led to important contribution to theory and practice, there are cer-
tain limitations. The important limitations in relation to the development and application of
MaSCICMAF and how they can be overcome are presented in the following. However, before,
it is important to state again that all research carried out is of qualitative nature for example.
Hence, there is no quantification possible of any results. All application of MaSCICMAF for the
audits of the current state of innovation capability, strategizing, and derived feedback is only
based on a case study. Whereas this case study approach is a valid validation of framework
and application, it is only true for that one case study. To increase rigor, more case studies

need to be carried out.

MaSCICMAF itself as a framework has certain limitations. Whereas the three used maturity
stages serve the purpose of the present research, three maturity stages do not offer a high
granularity of maturity like regular five stage models would do. Hence, the first starting point

for future research could be to extend the three current maturity stages to five.

The application method of MaSCICMAF using focus groups to determine the status quo and
one workshop to develop an improvement strategy is very time intensive and, hence, it was
complicated to find organisations which were willing to take part in the research. Therefore,
only two companies out of the four companies of the selected aerospace supply chain agreed
to participating. Reasons were, that the economy picked up again after the initial Covid-19
lockdowns and the aerospace industry in general was very busy at the time of recruiting com-
panies in late 2021. Whereas two companies’ innovation capability analysed in depths created
meaningful insights, more companies would have led to a richer picture. Analysing the supply
chain group however, provided the necessary rigour on the supply chain level. Either way,

MaSCICMAF has solely been applied to one supply chain.

Hence another avenue for future research, could be the transformation of the assessment sys-
tem into an online questionnaire that companies can fill in independently from the researcher.
Thus, data about several different supply chains could be collected simultaneously. This way
the data collection for determining the status quo could be reduced to roughly thirty minutes
per participant. Number of participants could be extended significantly as participants can fill
in the survey in their own time. The strategy workshop could be transferred into an online

tool as well where each company and the supply chain group can develop strategic actions
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independently of a researcher. This, however, should still be done in a group setting to lever-
age opinions and ideas from different people. As this will still be a workshop, it has to be an-

ticipated that the application time will remain at about three hours.

Whereas the framework allows innovation capability maturity analysis on a relative level,
there is no reference point yet to where the relative scale is located on an absolute scale.
Hence, many supply chains within the same industry would need to be analysed to establish
benchmarks for industries. As MaSCICMAF is meant to be applicable for different supply
chains in different industries and different companies of different sizes, it is held general.
Some innovation capability dimensions might not be needed in some industries or some cer-
tain company sizes. However, to establish this, more application of MaSCICMAF is needed as
well. Consequently, as supply chains and industries differ, one main direction for future re-
search, is to analyse which innovation capability dimensions are relevant for which industry
and which supply chain. Further, average maturity levels of innovation capability dimensions
in different supply chains in different industries have to be identified to set benchmarks. Set-
ting benchmarks is important, as not every supply chain and every company within a supply
chain can or want to reach the highest maturity stage for all innovation capability dimension.
Some dimension maturity levels, like the high regulation in aerospace, are simply industry
inherent and will not be changed for higher innovation capability. Further assessments of
other supply chains in different manufacturing sectors would contribute to generating a gen-
eral picture of where different supply chains and whole sectors are in terms of innovation
capability compared to others. Just after such a larger holistic investigation, truly significant
policy advice could be deducted. For the national innovation strategy such new findings
should be taken into account and the national innovation strategy itself should be amended
accordingly. Lastly, MaSCICMAF does not offer a ranking of which innovation capability di-
mension are more important than others in order to achieve a higher innovation capability.
More research with innovation specialists could be done to establish such a ranking system
and allow strategy makers to focus their resources. Such a ranking system has deliberately
been excluded from the present research as substantially more explorative research would
have been needed. As it is not clear how such a ranking system could look like and if there are
differences between types of innovation and industries, this as a whole block is recommended

as future research.
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The applicability of the future scenario strategizing method for innovation capability building
has been proven to work with the same small sample. However, further generalisation needs
to be investigated by applying the approach in other supply chains as well. The developed
strategies for companies and for the supply chain represent only the development of said
strategies, their implementation has not been investigated. This, however, would be interest-
ing, as new advice for policy making could be derived including the design of support for im-
plementing such strategies. The developed scenarios can be used in the future for strategy
building in other supply chains. However, they might become irrelevant at some point and

new scenarios would have to be developed.

In this context, the applicability of the scenario strategizing method for innovation capability
building could be further investigated along with how organisations and supply chains im-
plement these strategies. Then, further policy advice for supporting this process could be de-

ducted also leading to improvements of the national innovation strategy.

All limitations and related future research avenues are shown in Table 10-1 for summary

purposes.

Table 10-1: Summary of limitations and future research avenues

Topic Limitations Future research

MaSCICMAF architecture  Only three stage maturity model Extend to five stages

MaSCICMAF application Application in focus groups for audits ~ Transfer audit into online hosted ques-

and workshops for strategy makingis  tionnaire (shorten audit to 30min time

very time intense (3 hours each) commitment per participant)
Industry benchmarks Only relative innovation capability Develop benchmarks for each industry to
and ranking scoring possible locate supply chains on an absolute scale
No ranking of innovation capability Introduce ranking of importance of inno-
dimension importance vation capability dimensions to help allo-

cate resources to dimensions develop-

ment effectively

Scenario approach Scenario strategizing for innovation Apply approach with more supply chains
capability development only validated  to improve rigor

with one supply chain
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This research, after all, has laid some groundwork in the field of innovation capability assess-
ment and strategic development of such in supply chains, but more investigation is needed to
cement the findings of this research and improve general validity. The same is true for policy
making in Scotland to support innovation capability building. A start has been made with the
analysis of one aerospace supply chain and their needs, but more investigation is needed into

other sectors for holistic policy making.

Hence, this thesis shall be closed with the famous quote:

“What we know is a drop, what we don’t know is an ocean”

Sir Isaac Newton
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Appendix Chapter 3 - Research participant information sheet

A.C3.1 Participant information sheet for interviews (chapter 5)

l**X* )

University of

Strathclyde

Glasgow

Participant Information Sheet (Interviews)

Name of department: Design, Manufacturing, and Engineering Management (DMEM)
Title of the study: Expected impact of Covid-19 on supply chain management and innovation
activities in manufacturing

Introduction

The department of design manufacturing and engineering management at the University of Strathclyde is
conducting this research project about Covid-19 implications on innovation. Involved in the research are Prof
MacBryde as innovation speciaiist, Dr Zante as supply chain speciaiist, and Mr Reckordt as PhD student. Contact
details can be found beilow

What is the purpose of this research?

Itis likely that a number of companies will go bankrupt as a consequence of the Covid-19 implications. This can
lead to a major disruption of supply chains In some Industry sectors. However, one of the main drivers to overcome
disruptive change, IS innovation, High innovativeness as a main driver for supply chain resilience could not only
help limit the economic impact of Covid-19, but it can also heip Scottish manufacturing emerge from the situation
stronger than it was before Covid-19. To be able 1o boost innovation, one first needs 1o know how the importance
of innovation Is perceived and how It has changed. To later devesop targeted and tasored support it Is important o
know, which industry sectors will be affected more than others

Therefore, a qualitative exploratory study shall be camed out. A set of interviews with experts from Scottish
manufacturing is carried out with the following objectives.

1. To identify which manufacturing industries’ supply chains are believed to be hit hardest by Covid-19
implications

2. To wentity changes In the perception of the importance of innovation and changes in innovation activities
caused by Covid-19 implications

3. Tolnvestigate how ready companies feel to deal with supply chain disruption and what kind of support they
wish for

4. To Investgate It the perception of the Importance of innovabon changes once a stable new normal s
reached, Hence, the study shall be repeated after 12 months

The outcomes of the study shall be used as a starting point for more in depths research on how o design targeted
and tailored innovation support!

Do you have to take part?
Participation s voluntary. Participants have the right to withdraw from the research without detriment at all imes.

What will you do in the project?

To participate in this research project participants are interviewed either in a semi-structured or unstructured way
Interviews will be carmed out online using Microsoft teams. Interviews will be recorded and transcribed for analysis
Inlerviews take up 1o one hour

249



()
)

University of >

~

Strathclyd

Glasgow

Why have you been invited to take part?

Participants of this study are required to work at 3 company operating In the manufacturing Industry In Scotland
The participant must be able 1o answer questions about strategic matters and innovation, Potential participants are
approached through direct emaill contact. This is just the case if a company or an individual has accepted o be
contacted about such studies with the University of Strathclyde before. The study is also advertised online on social
media through university channeis

What information is being coliected in the project?

Information is collected about the participant’'s company regarding the industry sector, supply chain position, size,
the perception of innovation durng Cowvid-19, and perception of the Covid-19 impact on supply chains. This data is
anonymised after transcription for analysis

Who will have access to the Information?
Access to data is granted just to the involved researchers Prof MacBryde, Dr Zante, and Mr Reckorat

Where will the information be stored and how long will it be kept for?

All data are stored on secure University of Strathclyde servers. Upon transcription of the intenviews, interviewee
and company will beé made anonymous for further analysis. Then the row data Incluging video recordings will be
deleted

Thank you for reading this information — please ask any queshons if you are unsure about what is written here

Please also read our Notice arch Pal
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A.C3.2 Participant information sheet for focus groups and strategizing workshops

(chapter 6 and chapter 8)

University of t

Strathclyde

Glasgow

Participant Information Sheet (Focus groups & workshops)

Name of department: Design, Manufacturing, and Engineering Management (DMEM)
Title of the study: Expected impact of Covid-19 on supply chain management and Innovation
activities in manufacturing

Introduction

The department of design manufacturing and engineering management at the University of Strathclyde is
conducting this research project about Covid-19 implications on innovation. Involved in the research are Prof
MacBryde as innovation specialist, Dr Zante as supply chain specialist, and Mr Reckordt as PhD student. Contact
detalls can be found below

What is the purpose of this research?

It is likely that a number of companies will go bankrupt as a consequence of the Cowd-19 implications. This can
lead to a major disruption of supply chains in some industry sectors. However, one of the main drivers to overcome
disruplive change, is innovation. High innovativeness as a main driver for supply chain resilience could not only
help imit the economic impact of Covid-19, but it can also help Scottish manufactuning emerge from the situation
stronger than it was before Covid-19. For the present study the aerospace seclor has been chosen as subject of
investigation. Here policy making advice is suggested to boost innovation capability along one supply chain. In
detall, the objectives of this study are

1. To identify the current state of innovation capability in a participating company as part of the supply chain
that is being analysed, as well as identifying the current state of innovation capabdity of the supply chain
itself (focus group / audit)

2. Develop improvement strategies for innovation capability based on the initial audit for participating
companies and the supply chain itself (workshop / strategizing)

3. Derive policy making advice to support the successful implementation of developed improvement
strategies

During the research a novel Innovation capability matunty framework for supply chains IS used which s also aimed
at validating with the current research

Do you have to take part?
Participation s voluntary. Participants have the right to withdraw from the research without detriment at all times.

What will you do in the project?

Analysed will be single companies of the same supply chain and the supply chain as a whole. The study consists
of two parts. Part one IS an audit of the current Innovation capability of 2 company and the supply chain as focus
group Interviews. Part two aims at developing strategies for improvement of innovation capabilty either for a
company or the supply chain as a whole. Based on future developments of Ihe aerospace sector and the resulls
of the initial audits, strategies are developed with the same participants in so called strategizing workshops. This
means there are two dates necessary for each participating company and the supply chain representation group
Each date will take approximately 3 hours. Focus groups and stralegizing workshops are conducied online using
Microsoft Teams and Miro online note boards. Focus groups and strategizing workshops are recorded for analysis

The place of uselul lsarning
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University of x,

Strathclyde

Glasgow

Why have you been invited to take part?

Participants of this study are required to work at a company operating in the aerospace industry in Scotland. The
participant must be able to answer questions about strategic matters and innovation. Polential participants are
approached through direct email contact. This is just the case if a company or an individual has accepted 1o be
contacted about such studies with the University of Strathclyde before. The study Is also advertised ondine on soclal
media through university channeis

What information is being collected in the project?
Information is collected about the participant’s company or supply chain group regarding innovation activities,
leadership, organisational aspects, and strategic aspects. This data is anonymised for analysis

Who will have access to the information?
Access to data s granted just to the involved researchers Prof MacBryde, Dr Zante, and Mr Reckorat.

Where will the information be stored and how long will it be kept for?
All data are stored on secure University of Strathclyde servers. Afler data collecbon participants and participating
companies will be made anonymous. Then the row data including video recordings will be deleted

Thank you for reading this information — please ask any questions if you are unsure about what is written here

Please aiso read our Privacy Notice for Research Participants
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Appendix Chapter 4 - MaSCICMAF maturity stage descriptions

C1 Organisational culture and leadership
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C2 Entrepreneurship and strategy
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C5 Organisational learning and absorptive capacity
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C6 Individual creativity, skills and learning
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Appendix Chapter 5 - Expert interviews

A.C5.1 Questionnaire for semi-structured interviews - Round 1

1
2)
3)
4)

5)

6)

7)

8)

9)

How has Covid affected your business?
How has it affected your customers?
How has it affected your suppliers?
In relation to the supply chains, you are part of...
a. Are there full supply chains from raw material production to OEMs in the UK?
b. Are there significant gaps in skills and capacity in the UK?
c. Arethere industry support organisations?
How is the economic situation in supply chain / industry sector and how was it before
Covid-19?
Were there many bankruptcies?
b. Were there many job losses?
c. Isthe perception of the situation rather negative or positive?
d. Which opportunities and threats do supply chain / industry sector members see
in the current situation?
Do you think you are talking about innovation and doing things differently more or less
than before?
What about action in terms of innovation? Do you have examples of doing things dif-
ferently?
How are innovation and change seen in the supply chain / industry sector?
a. Is change embraced?
b. Isthere active development of innovation?
c. How is the adaptability of new technology?
d. How well are players connected along the supply chain / industry sector and
how well do they collaborate to develop innovations?
e. How much collaboration is there with other supply chains / industry sector?
f. What role do universities and public innovation support play in the supply
chain / industry sector?
g. Which are common innovation barriers in this supply chain / industry sector?
What support does the supply chain / industry sector need to be better prepared to

seize opportunities and fight threats?

10)Have you accessed any government support during covid?
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A.C5.2 Questionnaire for semi-structured interviews - Round 2

1
2)

3)
4)

5)

6)

How has your business developed during the last 12 months since our last interview?
How have planned innovation activities developed and are there new activities
planned?

How has the supply chain situation developed?

What impact did the end of furlough have for your business and the supply chain you
operate in?

Which changes made to your business during the pandemic will last and which will you
change back to a before Covid-19 state? (e.g., remote vs office-based work)

Are you rather positive or negative about the future?
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Appendix Chapter 6 - Innovation capability assessment

A.C6.1 Questionnaire company scoring model

1. Organisational culture and leadership

Please select the options that describe your company the best for the following categories

(multiple answers possible)
1 Risk management and risk attitude

O High awareness of risk (of current operations, of investments, of innovation and R&D
activities, ...)

O Formal risk management is carried out and risk is managed

[0 Risk taking is not appreciated

O There is a low tolerance for failure

2 Ambition, openness towards change, and promotion of innovation

[0 Innovation and change initiatives are usually met with significant resistance of co-
workers and management

[0 Success of innovation and change is communicated systematically throughout the
company

[0 Employees take initiatives for innovation and change projects

[0 Active living of change and innovation culture in which most employees participate

3 Leadership and decision making

[0 Leadership is directive and communication is strictly hierarchical

I Initiatives are pushed informally

0 Leadership is participatory and takes into account expert suggestions in decision mak-
ing

I Decision making is quick

2. Entrepreneurship and strategy

Please select the options that describe your company the best for the following categories

(multiple answers possible)
1 Strategic renewal
I Competitive strategy is monitored frequently and adopted to changing conditions

LI There is a formal change management team or an individual responsible for change
LI Processes for change are in place

262



[0 Change is constantly monitored, and lessons are learnt from past change project mis-
takes

2 Organizational flexibility

[ Proactive creation of flexible company structures as well as resource and staff capacity
O Flexibility is managed to optimally use existing flexibility

3 Entrepreneurial capability

[0 Company describes itself as entrepreneurial

0 Company frequently explores new cooperation, new markets, and new business mod-
els

O Company network is constantly expanded

4 Supply chain resilience

[0 Supply base is constantly scanned (for availability of relevant capabilities and capaci-
ties)

[0 Defined processes are in place for supplier selection

[0 Programmes are in place to retain and develop suppliers (e.g. enabling them to use
new technology)

5 Accessing of innovation support and funding
[0 Public funding programmes and availability are monitored frequently
[0 Public industry support opportunities like R&D or supply chain development support
hosted by e.g. NMIS / Scottish Enterprise are monitored frequently
O The company has the necessary skills and resources to apply for public funding and in-

dustry support (identifying funding calls and writing applications, ...)
O Public funding and industry support is accessed frequently

6 Diversity of products, services, and customers

[0 Narrow product and service portfolio
O Broad customer base
O Serving different markets

3. Knowledge management and technology adoption

Please select the options that describe your company the best for the following categories

(multiple answers possible)
1 Knowledge and idea management

LI There is a centralised system to record ideas and initiatives which is easily accessible
to all employees
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O O

Information and knowledge is stored and available to everyone in the company
Cross-departmental meetings for knowledge sharing and information exchange take
place sporadically

There is a special budget available for knowledge and information sharing (for infra-
structure, meetings, ...)

2 Technology adoption

d

(|
(|

The company is large unaware of technological developments that could be potentially
relevant

New technology is identified and introduced frequently

There are clear processes and strategies in place for new technology selection and
adoption like technology readiness assessments or technology roadmaps

Partners along the value chain are included in the adoption of new technology if rele-
vant (e.g. digitalisation)

Adoption of new technology is considered responsibility of single departments. Cross
departmental initiatives are rare

A good understanding of a new technology is generated throughout the relevant per-
sonnel before its introduction

4. Innovation strategy, communication, and open innovation

Please select the options that describe your company the best for the following categories

(multiple answers possible)

1 Innovation strategy

oooOoad

O

Innovation activities are sporadic but uncoordinated

We have an innovation strategy

We measure innovation using financial measures and patent output

We measure innovation with a broad range of indicators (beyond financial indicators
and patent output)

We have enough resources allocated to carry out innovation projects (financial, per-
sonnel, equipment)

Innovation is promoted throughout the entire company

2 Cooperation with other organisations and open innovation

OO0O0O0O

Innovation cooperation is based on individual initiatives

Innovation cooperation is based on standardised rules and contracts

Innovation cooperation is focussed on intensity and long lasting cocreation of value
Ownership of intellectual property is clearly defined

Innovation cooperation usually takes place with previous, trusted partners

New partnership opportunities are explored regularly
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5. Organisational learning and absorptive capacity

Please select the options that describe your company the best for the following categories

(multiple answers possible)
1 Identification of new knowledge and skills potentially useful for the company

O New, potentially useful information and skills are usually identified within just the di-
rect business vicinity like direct competitors or suppliers and customers

O New, potentially useful information and skills are identified frequently

[0 There are clear search strategies in place to identify new, potentially useful infor-
mation and skills

2 Integration of new knowledge and skills into existing knowledge and skills

[0 New, potentially useful information is shared throughout the company across teams
[0 Cross-departmental and cross-team problem solving is the norm

3 Application of knowledge and skills (new and existing)

[0 Recently acquired information and sKills are barely integrated into daily operations

[0 Recently acquired information and sKills are used in daily operations by the depart-
ments or teams that initiated the acquisition

[0 Recently acquired information and sKills are integrated in all relevant departments and
teams throughout the company

[0 Innovation methods are frequently used (Design Thinking, Scenarios, TRIZ, etc)

4 Exploitation of new knowledge and skills (creating innovation)

[0 New products and services are considered

O New business models and new markets are considered

0 New ways of making money out of the newly acquired information and skills (e.g., the
above two) are considered frequently

[0 New ways of making money out of the newly acquired information and skills are (actu-
ally) introduced frequently

6. Individual creativity, skills and learning

Please select the options that describe your company the best for the following categories

(multiple answers possible)
1 Individual skills in one’s field of knowledge
0 Employees hold superficial knowledge and skills they need for fulfilling their tasks.

Knowledge and skills are rather generalist.
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0 Some people hold expert knowledge and skills in their field and function as lead peo-
ple.
[0 Most employees hold deep expert knowledge and skills in their field

2 Individual knowledge and skills in innovation

[0 High awareness of importance of innovation throughout the company

0 Some employees hold general innovation knowledge and skills so that smaller innova-
tion projects can be conducted without external innovation/ project management sup-
port

[0 There is a specialised innovation or R&D department where employees hold special-
ised innovation knowledge and skills who can teach others in the company

3 Individual attitude towards learning

O Employees take the initiative for additional learning and training
[0 Employees are generally very open towards learning and training

4 Availability of options for individual learning

O The company offers options for training and additional learning

O The company regularly updates training and learning opportunities

[0 Learning and training options are not necessarily connected to direct needs of the
company and its operations

A.C6.2 Questionnaire supply chain scoring model

1. Supply Chain Structure and Governance

Please select the options that describe the supply chain of interest the best for the following

categories (multiple answers possible)
1 Nature of collaboration, fairness, use of power, and responsibility

I There is a committee representing most supply chain members

[0 Every member has a voice and is heard by this committee

[0 Standards and responsibilities are agreed on for everyday collaboration along the sup-
ply chain

Standards and responsibilities are agreed on for extraordinary collaboration along the
supply chain

Supply chain governance ensures fair treatment of everyone

Supply chain governance ensures promotion of collaboration and innovation
Collaboration is designed to be long lasting and to the benefit all partners

No supply chain member abuses its market power

Ooooo O
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2 Communication

0 Communication takes place just between a few parts of the supply chain
0 Communication takes place between most parts of the supply chain
0 Supply chain members largely approach other members proactively

3 Reliability and trust

[0 Collaboration is characterised by mutual trust and reliability

[0 Collaborations are built on agreed standards especially for intellectual property

[0 A wide range of data including innovation activities is shared as willingness to data
sharing is high

4 Regulation

O Industry is highly regulated by legal requirements
O Industry is highly regulated by quality standards and certifications
I Certification processes are not expensive and not time consuming

5 Change and risk attitude

0 Most supply chain members actively look for new opportunities
[0 Opportunities are communicated up and down the supply chain to encourage change
[0 The general attitude within the industry is risk and change averse

6 Supply chain structure

[0 Parts of the supply chain are rather flat meaning just a few TIER stages
O The whole supply chain is rather flat meaning just a few TIER stages

7 Supply chain visibility

[0 Just some products and their parts are usually tracked back / can be tracked back
through the supply chain to raw material

0 Most products and their parts are usually tracked back / can be tracked back through
the supply chain to raw material

U Industry 4 technology is used widely throughout the supply chain to ensure real time
supply chain visibility

8 Joint value capturing with supply chain members and public support organisations

[ Collaboration between supply chain members is the norm

I Collaboration between companies and public support organisations is the norm
I Collaboration just takes place between partners with a collaboration history

[ Special innovation hubs (physical or virtual) and innovation networks are used
O Joint value capturing mechanisms are in place
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2. Supply Base

Please select the options that describe your company the best for the following categories

(multiple answers possible)
1 Supply base resilience

The supply base is broad

There are just few bottlenecks along the supply chain

Even though suppliers are specialised they can easily change their operations if there
is demand for new products or services

Replacing suppliers’ capabilities and capacities is relatively quickly and cheap possible
Suppliers going bust is relatively unlikely

The supply base is generally transparent

OO0 000

2 Technology adoption capability

[0 Companies of the supply base largely have processes in place constantly monitor tech-
nological developments

[0 Supply base largely proactively introduces new technology

[0 Required related skills are continuously developed before and during the introduction
of new technology

3. Public Supply Chain Support

Please select the options that describe your company the best for the following categories

(multiple answers possible)
1 Availability of public funding for supply chain and supply base development

LI Public funding is available for R and D projects

LI Public funding is available for upscaling and commercialisation of innovative ideas
LI Public funding is easily and quickly accessible

[0 Companies generally make good use of available public funding

2 Availability of public support organisations for supply chain and supply base development

Public and private industry support organisations are available

Supply base companies frequently interact with these organisations

These organisations offer special innovation support

These organisations support and coordinate supply chain development and rise capa-
bility transparency throughout the supply base

OoOooOoan
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A.C6.3 Focus group Miro board company 1
Workshop 1 company 1

Discussion:
What do you consider important aspects
of innovation capability?

15 mins

)

QUESTION BOARD

Teil i et orpantotional karnig ned abiompte copoaty, indwisol eresthaty. skils on iearmung

=)
@ 10 mins

Link to first part of
company scoring ques-

tionnaire

QUESTION BOARD

B T sl Tl e urpra———
gy adEroe s gy

10 mins

= \/'

ey )

Link to second part of

company scoring ques-

tionnaire

QUESTION BOARD
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\J

©

10 mins

Link to third part of
company scoring ques-

tionnaire

— - = - -—
€
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Task:
Based on our discussion, please list the é\j 15 mins
reasons you consider impacting your

innovation capability the most.

m
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Feedback

Give &3 your feedbock to impvove our too

Link to feedback form

o Pom 1 09 A b e S b o 8 ad B -
cpeneny®
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A.C6.4 Innovation capability scoring company 1

ICD Subdimension Score
ICD C1 - C1.1 Risk acceptance and risk management 2 - Adaptive
Organisational culture C1.2 Ambition, promotion of innovation and change, 1 - Reactive
und leadership openness towards change, and communication of
success 1 - Reactive
C1.3 Leadership practices, communication and decision
making
ICD C2 - C2.1 Strategic renewal and flexibility (Change manage- 2 - Adaptive
Entrepreneurship and ment)
strategy C2.2 Organisational flexibility and agility 1 - Reactive
C2.3 Entrepreneurial capability 2 - Adaptive
C2.4 Supply chain resilience 2 - Adaptive
C2.5 Accessing of innovation support and funding 3 - Proactive
C2.6 Diversity of products / services and diversity of cus- 3 - Proactive
tomers
ICDC3 - C3.1 Knowledge management, idea management, and 1 - Reactive
Knowledge manage- knowledge sharing
ment and technology C3.2 Technology adoption strategy and processes 2 - Adaptive
adoption
ICD C4 - C4.1 Clear innovation strategy aligned with company 2 - Adaptive
Innovation strategy, strategy and innovation measurement and adequate
communication, and recourse allocation
open innovation C4.2 Cooperation with suppliers, customers, public institu- 2 - Adaptive
tions, and openness to share information and to
adopt new outside knowledge
ICDC5 - C5.1 New knowledge and skills identification and acquisi- 2 - Adaptive

Organisational learn-

ing and absorptive

tion (acquisition)

C5.2 New knowledge and skills integration (assimilation)

3 - Proactive

capacity (innovation C5.3 Application of knowledge and skills (transformation) 1 - Reactive
process) C5.4 Exploitation of knowledge and skills (exploitation) 2 - Adaptive
ICD C6 - C6.1 Individual skills in one’s field of knowledge 2 - Adaptive
Individual skills and C6.2 Individual knowledge and skills about innovation 2 - Adaptive
learning C6.3 Individual continuous will for learning 2 - Adaptive

C6.4 Availability of options for individual learning

3 - Proactive
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A.C6.5 Focus group Miro board company 2

Discussion: o
What do you consider important aspects @ 15 mins
of innovation capability?

QUESTION BOARD

Tl s et cpeniotionn learming! nd o ptre copoay, mdhisol eresthaty, skils and feamug

O Ay (i X
#ll ﬂl* r L ,EJI:L“' @ 10 mins
Link to first part of
company scoring ques-

tionnaire

QUESTION BOARD
e

B e T e e 10 mins
sy AEEE 1 oA LPmEaTy

= \/’

r )

Link to second part of

company scoring ques-

tionnaire

QUESTION BOARD

Tedl o5 obout erpamaations’ earming ond sbsorpiive copocty, indwdued creatly, shilts and learnng

\J

@ 10 mins

Link to third part of
company scoring ques-

tionnaire
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|
\
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\
\
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I
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Task:

Based on our discussion, please list the é\j 15 mins
reasons you consider impacting your
innovation capability the most.

and change

Lack of
knowledge
management
and centrally

accessible

Very limited

with suppliers

and learning
from them

‘Il
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Feedback

Give &3 your feedbock to impvove our too
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A.C6.6 Innovation capability scoring company 2

ICD Subdimension Score
ICD C1 - C1.1 Risk acceptance and risk management 2 - Adaptive
Organisational culture C1.2 Ambition, promotion of innovation and change, 1 - Reactive
und leadership openness towards change, and communication of
success 2 - Adaptive
C1.3 Leadership practices, communication and decision
making
ICDC2 - C2.1 Strategic renewal and flexibility (Change manage- 1 - Reactive
Entrepreneurship and ment)
strategy C2.2 Organisational flexibility and agility 1 - Reactive
C2.3 Entrepreneurial capability 2 - Adaptive
C2.4 Supply chain resilience 2 - Adaptive
C2.5 Accessing of innovation support and funding 2 - Adaptive
C2.6 Diversity of products / services and diversity of cus- 3 - Proactive
tomers
ICDC3 - C3.1 Knowledge management, idea management, and 1 - Reactive
Knowledge manage- knowledge sharing
ment and technology C3.2 Technology adoption strategy and processes 2 - Adaptive
adoption
ICD C4 - C4.1 Clear innovation strategy aligned with company 1 - Reactive
Innovation strategy, strategy and innovation measurement and adequate
communication, and recourse allocation
open innovation C4.2 Cooperation with suppliers, customers, public institu- 2 - Adaptive
tions, and openness to share information and to
adopt new outside knowledge
ICDC5 - C5.1 New knowledge and skills identification and acquisi- 2 - Adaptive
Organisational learn- tion (acquisition)
ing and absorptive C5.2 New knowledge and skills integration (assimilation) 2 - Adaptive
capacity (innovation C5.3 Application of knowledge and skills (transformation) 1 - Reactive
process) C5.4 Exploitation of knowledge and skills (exploitation) 2 - Adaptive
ICD C6 - C6.1 Individual skills in one’s field of knowledge 3 - Proactive

Individual skills and

learning

C6.2 Individual knowledge and skills about innovation
C6.3 Individual continuous will for learning

C6.4 Availability of options for individual learning

2 - Adaptive
3 - Proactive

2 - Adaptive
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A.C6.7 Focus group Miro board supply chain

Discussion:
What do you consider important aspects
of innovation capability on a supply chain
level?

QUESTION BOARD

Teil 5 about argarisational k i pacity, inds I skilly and learning

O -
N 8
Link to first part of

supply chain scoring

questionnaire

QUESTION BOARD

Tel 1 cent P rovafor sirotegy (ot Fon S (o FrEVIEr Arowledgy e d o
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= 7
S N

Link to second part of

supply chain scoring

questionnaire

QUESTION BOARD

Tell u3 cbout orgamisational learning and absorptive copocky, indiwdual creceiviy, shills and leormng

N

RS
Link to third part of

supply chain scoring

questionnaire

N oy, N oy, gy
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Task:
Based on our discussion, please list the
reasons you consider impacting your
innovation capability the most.

I
I
I
I
I Fight for Lack of
ent funding and
I survival talent
l —
1
Difficult to
‘ access
university
‘ knowledge
base
\
\
\
Aci
‘ wo rﬁlf':)grce
T —
. T — .
Feedback
Give w3 your feedbock to dmpvove our ooy 0-
Feedback
P

Tk o

T Vo ey et Vs st vt

Link to feedback form

.
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A.C6.8 Innovation capability scoring supply chain

ICD Subdimension Score

ICD SC1 - SC1.1 Nature of collaboration, fairness, use of power, and 3 - Proactive

Supply chain struc- responsibility

ture and governance SC1.2 Communication 2 - Adaptive
SC1.3 Reliability and trust 2 - Adaptive
SC1.4 Regulation 1 - Reactive
SC1.5 Change and risk attitude 1 - Reactive
SC1.6 Supply chain structure 1 - Reactive
SC1.7 Supply chain visibility 3 - Proactive

SC1.8 Joint value capturing with supply chain members 2 - Adaptive

and public support organisations

ICD SC2 - SC2.1 Supply base resilience 1 - Reactive
Supply base SC2.2 Technology adoption capability 2 - Adaptive
ICD SC3 - SC3.1 Availability of public funding for supply chain and 2 - Adaptive
Public supply chain supply base development

support SC3.2 Availability of public support organisations for sup- 2 - Adaptive

ply chain and supply base development

A.C6.9 Feedback and validation questionnaire

1. Workshop design

1.1) How would you rate the quality of the workshop? (From 1 to 5 with 1 = unacceptable

and 5 = outstanding)

1.2) To what extent was the mix of activities suitable to understand your innovation capabil-

ity? (1 = not suitable and 5 = very suitable)

1 2 3 4 5
(| O O O (|
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1.3) How relevant was the workshop to your needs? (1 = irrelevant and 5 = highly relevant)

1 2 3 4
O O O O O

o

1.4) What suggestions do you have to improve the workshops?

2. Framework design
2.1) To what extend are the innovation capability dimensions presented in the framework
relevant to your understanding of innovation capability (of single organisations or sup-

ply chains)? (From 1 to 5 with 1 = irrelevant and 5 = very relevant)

1 2 3 4 5
(] O a O O

2.2) To what extend do you agree with the presented maturity stages for the innovation ca-

pability dimensions? (From 1 to 5 with 1 = do not agree and 5 = fully agree)

€3]

1 2 3 4
O O a O O

2.3) What suggestions do you have to improve the tool?
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Appendix Chapter 7 - Future scenarios

A.C7.1 Characteristics of driving forces of future scenarios for Scottish manufacturing

Driving Force Characteristics
DF1 Innovation and = The level of basic research activity
diffusion = The ability to produce new technologies (e.g. fuel cells for H2)

= The ability to commercialise and take value from innovation

= The level of R&D activities between academia and industry

= The ability to adopt new technologies from outside the UK/Scotland
= The ability to gather data and use them to drive changes

=  The ability to implement new technologies

= The ability to anchor the technologies at a supply base level

DF2 International =  Change in global partnerships in the supply chain
trade and relation- *  The change in level of globalisation
ships * The impact of Brexit on exports and imports of goods

* Impact of international competition on the manufacturing industry

* The impact of relationships between UK and EU

=  Ability to buy goods from outside the UK at a good price

=  Availability of goods to be delivered in the UK

=  Change in tariffs with Brexit

=  Ability to create trade deals with the EU

=  Ability to create trade deals with the rest of the world

= [fleaving the UK, ability to create trade deals with the UK

=  Changes to trading and trade deals

= The cost of transport and changes to such costs

= The level of UK trade tariffs for imports and exports

»  The impact of UK/Scot government approach to state aid

= The extent to which ecosystems’ appropriation regimes benefit Scotland

= The impact of exchange rate on final price of goods

= The level of the impact of cost base competition

= The level of trade protection measures in UK

= The degree of state intervention

= The ability to create a great place for international business (inward invest-
ment)

= The perceptions about “made in Scotland”

DF3 Workforce and = The levels of manufacturing firms’ dynamic capability
capabilities = The level of attractiveness of living and working in Scotland
= Salary expectations of Scottish workforce

= The cost of living
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Level of immigration barriers

The salary level in manufacturing

The availability of international skills (e.g. people coming in the UK to work)
The impact of changing population

The impact of relationship with trade unions

The level of attractiveness of manufacturing as a career choice

Level of availability of skilled workforce for manufacturing.

Availability of human resources in Scotland/UK: birth rate /immigration
The level of people aiming to work in manufacturing

Level of technological expertise for emerging sectors (e.g. electric)

The extent to which ecosystems’ capability configurations benefit Scotland
The level of STEM graduates in UK

The level of STEM apprenticeships numbers

The level of government investment in STEM

The level to which manufacturing education happens at all levels (school, ap-
prentice, university, college)

The effectiveness of RTO and universities in supporting manufacturing
The level of peer-to-peer learning knowledge sharing

The levels of skills in the workforce

The levels of unemployment in Scotland

The level of strategic management capability

The diversity and inclusion of the workforce in manufacturing

The levels of automation in manufacturing companies

Levels of redundancy in manufacturing

Level or resistance to change

Levels of training up-skilling and re-skilling

Impact of the levels of business travel and commuting

Changes in remote work in manufacturing

DF4 Availability of

Finance

The impact of financial institutions arrangements

The instability financial market

The sophistication of financial arrangements

The affordability challenge in manufacturing

The extent to which ecosystems 'governance arrangements benefit Scotland
Impact of varying inflation rates

The levels of manufacturing firms’ shareholders value

The impact of the interest rate on activity

The variation in tax rates

The level of corporation tax

The impact of carbon tax
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The impact of UK/Scot gov approach to state aid

Level of financial and technical risk accepted by public bodies for supporting
manufacturing ventures

Level of private investment in Scottish manufacturing (national and interna-
tional)

The variation in exchange rates

Levels of investments in innovation in Scotland

DF5 Political envi-

ronment

Impact of a referendum to leave the UK

If leaving the UK: ability to integrate the EU

Impact of tension between China and US

The impact of global gunboat diplomacy

Levels of political stability

The extent of the accumulation of human suffering

The degree of institutional pressure

The level of interest in remanufacturing

The level of interest in circular economy

The impact of levelling up

The impact of sectarianism

Level of entrepreneurial spirit in Scotland

The level of consumer sensitivity to labour exploitation in the supply chain
The degree of socialism

The impact of institutional entrepreneurship initiatives

Level of global nationalism (populist driven politics)

The extent to which ecosystems appropriation regimes benefit Scotland
Level of governmental commitment to local public procurement

The ability of Scotland to transition from declining to growing industries

DF6 Technological

infrastructure

The impact of technologically enabled infrastructure

The quality of the communications infrastructure

The ability to link suppliers using technology

Level to which technology is able to solve society’s challenges such as carbon
emissions

Level to which advanced manufacturing technology can compensate for high
labour cost in Scotland

Level of impact on supply base if manufacturing service platforms emerge (e.g.
Airbnb & Uber)

Level of uncertainty over which technologies will be adopted on a large scale
(e.g. hydrogen economy)

The level of investment in existing nationally significant manufacturing facili-

ties to ensure continued competitiveness
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DF7 Supply Base

The ability of suitable suppliers

The levels of manufacturing firm’s core capabilities

The availability of service providers (e.g. legal services)

The level of effectiveness for logistics (transport time)
Availability of materials and minerals for production

The transport infrastructure and ability to move goods

Levels of resilience in the supply base

Ability to produce locally

The impact of natural events affecting the supply base and chains

The level of companies’ size and distribution

DF8 Supply chain

governance

The nature of firm ownership

Level of domestic primes (i.e. major companies driving supply chain decisions)
The levels of servitisation in manufacturing

Levels of impact on supply base if manufacturing service platforms emerge.
e.g. Airbnb/Uber

The level of participation in the sharing economy (e.g. shared manufacturing
resources)

The extent to which ecosystems governance arrangements benefit Scotland

DF9 Sustainability

and climate change

The COVID-19 impact on customer behaviour

The level of customer interest in sustainability

Changes to stakeholder salience

Impact of changing customer wants and needs

The level of company’s interest in sustainability

The impact of carbon tax

The impact of carbon labelling

The impact of the green agenda

The impact of climate legislation for energy generation and use
The impact of other pandemics

The impact of natural events affecting the supply base and chains
Availability of unique natural resources

Impact of the move towards a circular economy

The impact of Scotland brand (e.g. sustainable “green” country)
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A.C7.2 Driving forces ranking for impact and uncertainty

Clusters Impact Uncertainty
DF1 Innovation and diffusion 6 6
DF2 International trade and relationships 5 6
DF3 Workforce and capabilities 3.8 5
DF4 Availability of Finance 6.5 5
DF5 Political environment 6 6
DF6 Technological infrastructure 7.1 4
DF7 Supply Base 7 4
DF8 Supply chain governance 5.5 4.5
DF9 Sustainability and climate change 8.5 4
A.C7.3 Driving forces mapped in the impact uncertainty matrix
impact
workforce
and
capabilities
International
- Trade and
relationships
Supply chain
governance
—_ Political Innovation
environment  and diffusion
2 Un-
Certain certain
Availabifity
— of finance —

Impact
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A.C7.4 Future scenarios first bullet point version

International
trade and
relations
Working like a donkey Flexible Gliding like a dolphin

+  Technelogical advancements imported * + Highly skilled international workforce
+ MNational technology exported and developed + High levels of training and learning
+ International trade deals undermine domestic production + Digital manufacturing attracts young people
+  Low levels of capital vs labour in manufacturing process +  World leading technological infrastructure
+  Use of international low-cost labour + Digitally connected supply base
+  Productivity levels below UK average + Expanded transport infrastructure
+  Uncompetitive supply base is unattractive to international + High levels of decision-making authority

supply chains + Capable and diverse supply base
+ Scottish branded products thrive + Rich and extensive sources of funding
* Race to bottom culture + Relatively stable political environment
+  Limited access to investment finance, mainly only available + Sustained political support

through international companies + Scotland is net exporter of carbon neutral technology
*  Buying in carbon neutral technology )

Innovation
and

Passive - + Active diffusion
+  Mixed messaging over manufacturing + Strong public investments and innovation programmes —
* Instability around Brexit and independence referendum * Limited international collaboration to innovate and trade
+ Lack of access to global skills and knowledge base + High levels of continuous training programmes
+ Limited pool of national talent * Restrictive immigration rules affecting access to international
+ Limited connections to international networks skilled workforce
+ Suppliers struggle to be properly connected + High levels of cutting-edge technology
+ Installed equipment not fir for purpose + Limited exports and capitalisation of domestically developed
+  Few major decisions made in Scotland innovation
+ Disconnected and uncoordinated supply base + High level of use of manufacturing service platforms locally
+  Gapsin supply base + Narrowed access to international supply base
* Restrictive and reduced levels of funding + Reduced use of available manufacturing capacities
+ Scotland imports all carbon neutral technology + Limited access to investment finance, mainly only available
+ Strategic skills development fragmented through government

+ Barriers to export carbon neutral technology

Constrained Strong decision-making authority locally

Hidden like a turtle in a shell Hibernating like a polar bear

A.C7.5 Future Scenarios (complete narratives)

Scenario 1: Hidden like a turtle in a shell

(Constrained international trade and relationships & passive innovation and diffusion)

Environmental deterioration is at an all-time high in 2036. Climate change is 2 degrees above
pre-industrial levels, having shot up 1 degree in just 15 years. Water levels have risen as pre-
dicted with parts of Ayrshire seeing significant land being reclaimed by the river Clyde and
the areas around Glasgow airport, Partick, Govan, Aberdeen, Braehead and Dumbarton being
badly affected by flooding and causing disruption to transport. Extreme weather events such

as flooding, landslides, drought, heatwaves, and wetted winters with more intense rain-
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fall events have pressured public sector budgets in health care and infrastructure repair. Fur-
thermore, the climate changes have caused zoonotic diseases to be riskier to humans with
expanding global populations intruding on wildlife habitats. Poor health conditions and low

incomes continue to exacerbate inequalities worldwide.

More than half of Amazon was lost by 2030 causing the extinction of many species. In Scot-
land, for example, increasing acidification of the oceans is affecting shellfish industries. Cold
water species like the white-beaked dolphin was lost from Scottish waters. The salmon rivers
lost more fish as water temperatures raised and summer water levels declined. This is affect-
ing the Scottish fish farms production. Demand for food has increased by 35% over the last 15
years, with the subsequent production contributing to wastage of energy and water. Globally,
demand for water increased by 40% and for energy by 50% in 2030. China and US continue
fighting to extract and exploit natural reserves for production. For example, companies from
these countries are extensively investing and locating geo-strategically in countries with
abundance of fuel minerals. Multinational companies including those from India, Brazil and
Indonesia have expanded abroad through mergers and acquisitions to ensure supply of scarce
resources. Scottish companies did not follow this expansion. As such, Scotland has a shortage

of critical raw materials and minerals that are affecting economic growth and prosperity.

The turbulence in politics has been increasing over the last 15 years in Scotland. With no in-
dependence referendum, the country is deeply divided between pro-independence and pro-
union with the UK. Although there is an EU-UK Trade and Cooperation Agreement, Scottish
manufacturers, such as Tennent’s and Walkers, struggle to compete with the prices of produc-
ers in other European countries. Experts claim that this is Brexit's legacy to the food and drink
sector after 2021.Manufacturers are concerned about decreasing foreign direct investment to
Scottish businesses. The UK government has tightened restrictions on Scottish acquisitions by
investors from the EU. This has delayed the upgrade of the technological infrastructure in the

manufacturing sector.

Internal fights in the SNP have impacted the investment strategy for Scotland. The manufac-
turing industry has lost its importance on the political agenda, leaving companies in ‘limbo’.
Manufacturers and the whole Scottish supply base struggle with digital connectivity which
has disrupted the building of digital manufacturing platforms. The current equipment used by
many Scottish manufacturers is outmoded. While in other industrialised countries - such as

South Korea, Germany and Japan, artificial intelligence, data infrastructure and new digital
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business models are utilised extensively. Worryingly, the Scottish Investment plan is not con-
ducive to innovation, and this has caused negative effects in the competitiveness of companies
such as Life Technologies (US), GSK (UK), and Omega Diagnostics (UK) which rely heavily on
research. The supply base in Scotland is consequently slowly shrinking, making the country

less attractive for foreign direct investment.

With several recessionary measures, the Scottish government has limited funds for support-
ing manufacturing and its supply chain. Firms and institutions such as Spirit Aerospace (USA),
BAE Systems (UK), Thales (French), Babcock (UK) find it tough to convince global manufac-
turers to produce locally, leading to delays in the supply chains and a lack of cooperation to
develop technological solutions and networks. Spirit AeroSystems is seriously considering
pulling out of its Scottish base. Moreover, there is a competitive environment to access critical
materials involved in the production of technologies and electric cars such as lithium, neo-
dymium, dysprosium, magnesium. As a result, technological products made in Scotland are
expensive for customers. At the same time the Scottish government has failed to create clear
strategies for Scottish manufacturers which can attract new industries and new business

start-ups. There is less entrepreneurial activity now than at any time in Scotland’s history.

Immigration decreased significantly during the fifteen years following Brexit in 2021. The
Manufacturing Skills Institute’s (MSI) mitigation plan is not delivering employer demands.
Scotland's population is ageing. Additionally, strict immigration policies, poor living stand-
ards, high taxes, and low salary levels have made Scotland a less desirable place for attracting
international students and workforce. This has brought negative consequences for industrial
cities such as Glasgow and Dundee, which have a shortfall of talent in manufacturing. There is
no national plan to build a solid skill base that embraces the development of technology and

new capabilities.

Lastly, China realised their plan to create super-regions of production clusters and dominate
the world’s economy through research, innovation, manufacturing technologies, supply chains
and raw material sources. Chinese espionage and surveillance programmes in the West have
extracted data from the major innovation centres in Scotland. This has affected trade between
China and the UK. Scotland is mainly importing products from trusted sources like Germany
and the Netherlands. Although the SNP and other parties consistently agree on fighting cli-

mate change and the net zero agenda, Scotland hides in its shell.
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Scenario 2: Hibernating like a polar bear

(Constrained international trade and relationships & active innovation and diffusion)

Scotland has made significant advancements in research, higher education, and technology.
The Government is committed to continue with the development of a dynamic national inno-
vation system and move towards a more advanced knowledge and innovation-based econo-
my. Innovation and decarbonisation remain the top-line in the national agenda. Scientific re-
search and publishing, higher education, and ICT infrastructure are well-recognised. Manufac-
turing companies are digitalised and use data to connect with the local supply chain. However,
international collaboration to innovate and trade is limited. The SNP led referendum to leave
the UK back in the mid 2020s failed. After Brexit, inflexible immigration rules affected Scot-
land’s access to an international skilled workforce forcing Scotland to train its own talent and
tackling the shortage of STEM skills has become one of the main objectives. The Scottish Gov-
ernment provides funding to high level education institutions to design and offer continuous
training programmes to upskill the available workforce. The manufacturing ecosystem pro-
vides good conditions and salaries to attract young people to choose manufacturing as a ca-
reer. A pool of young, educated, and skilled labour and a growing research capacity, character-

ises the Scottish manufacturing sector.

The Scottish Government has supported the Glasgow City Innovation District to use technolo-
gy and research to mitigate against future crises. CivTech Challenge addresses problems for
SME:s to decarbonise through the Low Carbon Manufacturing fund. Given the high level of en-
trepreneurial spirit and national engagement with the climate agenda in the country, compa-
nies develop high levels of cutting-edge technology to achieve the carbon neutral targets.
However, Scotland has a lack of free trade agreements and appropriate partners to exchange
products and services. Despite the active production of domestic innovative products, exports
are not competitive. Products in Scotland have high tariffs and taxes which limit access to in-
ternational markets and cause manufactures to have excess production capacity. The impact

of varying inflation and high exchange rates fails to attract foreign direct investors.

The adoption of high technology enables the quality of communications and local infrastruc-
ture which improves the ability to link local suppliers using technology. However, the connec-
tivity with international suppliers is difficult. It is as though Scotland is working in a polar de-

sert with a high level of local manufacturing services platforms, but a narrowed access to the
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international supply base. This isolation is exacerbated by the political tensions between the
United States and China, created by China’s involvement in digital disruption efforts to inter-
fere with western democracies. Following Brexit, the United Kingdom needed to intensify its
relationship with the US, putting pressure on the country to align with US policies. This dimin-
ished its relationships with China. The UK continues to limit Chinese access to British financial
markets and research infrastructure as tension between the two countries remains high due
to the UK'’s rebuttal of anti-democratic agreement in Hong Kong and the subsequent migration
of talented Hong Kong engineers to the UK. Since China overtook the United States as the
world’s largest economy in 2028, they have been imposing high tariffs for importing their
technological products to western countries that trade with the US. As the UK has a strong
relationship with the US, there are negative consequences for importing material and miner-

als from China for production in Scotland.

By reducing waste, materials are recovered and regenerated which encourages Scottish man-
ufacturers to strengthen the development of reprocessing infrastructure and the circular
economy. This reduces their carbon tax exposure. Additionally, the strict climate legislation
for “energy generation and use” boosts the sales of zero emissions heavy duty vehicles in the
UK. However, the current tariffs on imported products and the international transport freight
charges are expensive. Despite technology advancements in Scotland, the lack of connectivity
of the supply chain affects the levels of resilience in the supply base. Food & Drink companies
in Scotland such as AG Barr, Willian Grant & Sons, Edrington, Diageo, Borders Biscuits, are
worried due to poor international trade and conditions for working in partnership with inter-
national allies. They regularly have meetings with the UK Trade Association, Food and Drink
Federation, Chambers of Commerce and Scottish Development International to raise their
concerns and find solutions to the constraints for trading. Moreover, the levels of advanced
manufacturing technology compensate for high labour cost in Scotland. However, the lack of
availability of some products is increasing the cost of living in the country. This situation is
not new, after Brexit manufacturers continued to register a faster rise in input prices than

service providers due to the increase of raw material costs.

Nowadays, citizens are aware of inequality, labour exploitation and sustainability issues. Cus-
tomers pay more attention to the impact of carbon labelling. Manufacturers are digitalised
and are on the path of sustainability to fulfil the green expectations of their stakeholders. Scot-

land is producing carbon neutral solutions. Although the country exports to US, it still has
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strong restrictions and barriers to export carbon neutral technology to its most important
trade partners like the Netherlands and Germany. As companies have barriers to hunt oppor-

tunities internationally, Scotland is in a “hibernation” stage.

Scenario 3: Working like a donkey

(Flexible international trade and relationships & passive innovation and diffusion)

The world is density populated and the air is polluted with high levels of carbon dioxide pour-
ing into the atmosphere. The polar ice is melting which is causing high temperatures in Scot-
land during the summer. Low lying areas in Scotland have frequent and more severe prob-
lems with flooding. People are not as healthy as they used to be and the quality-of-life is de-
creasing in Scotland. After the Lambda string pandemic, people are suffering from worse
chronic fatigue and lung diseases than was caused by COVID-19. There are high unemploy-
ment rates and low salaries in the country. The UK government is pursuing opportunities to
attract talent from across the world. A reduced workforce and low-income in Scotland are
triggering the immigration campaigns to fill these gaps. Universities and manufacturing cen-
tres are trying to attract STEM graduates from BRICS countries (Brazil, Russia, India, China
and South Africa). The EU only have 4% of global STEM skilled labour to work in the manufac-
turing industry. Moreover, education budget cuts have exacerbated over the last decade com-
promising universities’ performance, outputs, and wider contribution to Scotland. The short-
age of funding is affecting the development of capabilities in maths, digital and technical engi-
neering. The gender gap in STEM subjects continue to be high as it is difficult to attract wom-

en into technical careers.

The independence campaign for Scotland is on hold. A flexible approach in international rela-
tions is leading changes in the Scottish government. There is now a coalition between the SNP
and the Greens to pursue additional trade agreements. The UK government is pressured to
foster a vision of a global Britain in which many different trade agreements are currently in
effect with single markets such as Canada, India and Australia. The relations between the UK
and the EU are settling and there is now a higher trust. Scotland is exporting to the US and
other trade partners, but Scotland’s balance of trade is in deficit. Manufacturers are importing

technology, innovative components, and materials from South Korea, Canada, Japan, and oth-
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ers. Some multinational original equipment manufacturers (OEM) are opening subsidiaries in
Scotland. They are taking advantage of the current free trade agreements, low international
trade barriers and low production costs. Merger and Acquisitions (M&A) between companies
from the EU and the UK are ensuring market access and distribution channels located in both
regions. This is helping manufacturers to avoid border controls, customs declarations, and
differing legislation. However, the important decisions shaping the Scottish manufacturing
industry and domestic supply chains are made by the bigger international players. These are

influenced by European owners of M&A formed in the UK in the 2020’s.

Innovation activities have drastically decreased over the last 15 years. This is due to a short-
age of new innovative companies, a reduced pool of talent, and a lack of investment in re-
search and development. Scottish manufacturers still struggle with digitalisation. Some parts
of the supply base are disconnected domestically and internationally. For example, companies
such as Brewdog and Borders Biscuits have lost competitiveness in international markets due
to supply chain disruptions and lack of resilience. The level of investment and funds for re-
search in Scottish universities continues being lower compared to competitors in Asia and the
US. There is a failure to exploit the educational infrastructure and capacity of the university
system to innovate. The innovation activities that are conducted in Scotland strongly rely on
international investment. NMIS is struggling to unify manufacturing support and turn Scot-

land into an innovative country.

The green agenda is not achieving the net zero targets in Scotland. Manufacturing companies
are still paying taxes for producing emissions in the environment. They need to upgrade their
equipment to green technology. For instance, the fish industry continues using old fashioned
techniques that are unsustainable over time. The fishing pressures are triggering the extinc-
tion of some marine species in Scotland. Scottish fish producers cannot compete with Norway.
Fish farming experts needs to find some synthetic edible options to feed the population. Addi-
tionally, the implementation of hydrogen technologies is slow. Alexander Dennis Limited is
struggling to execute its electric public transport plan in the UK; SubSea 7’s offshore projects

and services are delayed.

Free trade and low immigration barriers allow Scottish manufacturing to compete on price.
However, technology is not cutting-edge in Scotland. The lack of robotisation and service
models supported by virtual reality (VR) and augmented reality (AR) are also affecting com-

petitiveness in the country. Definitely, “Scotland cannot make a racehorse out of a donkey”.
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Scenario 4: Gliding like a dolphin

(Flexible international trade and relationships & active innovation and diffusion)

Both manufacturers and society are on the path to a regenerative world. The Scottish people
are aware of the limitations of resources and prefer to consume eco-friendly products.
Heightened consumer awareness of health and wellness is strengthening the trend towards
healthier consumption. The production of “natural” food and beverage is now a trend for
manufacturers in Scotland. Furthermore, assessments of full life cycles and ecological re-
sources are compulsory for all new products. Companies are focused towards social and envi-
ronmental values. The green agenda is a priority for Scotland and manufacturers are pres-
sured by the customers and carbon taxes to transform their production processes. The impact
of climate legislation for energy generation and use is having a positive effect. Scottish manu-
facturers are remanufacturing and reusing systematically throughout a product’s life cycle.
There is a net material cost-saving for adopting a more restorative approach using less re-

source extraction. This means less waste, more profits, and satisfied customers.

After Scotland’s independence, there are political and economic tensions with the UK. A pos-
sible trade agreement, conditions for travelling and currency between them are being negoti-
ated. However, Scotland has more political control to create trade deals and relationships
with the European Union. This also enables the progressive reduction of tariffs and greater
flexibility for trading between Scotland and the EU. This not only facilitates overseas busi-
nesses and strengthens Scottish exports, but it also improves domestic production capacities
of agriculture, fishery products and food. Scotland’s brand as a “sustainable green country”

creates a great place for international business and inward investment.

In the same way as we saw people trained in lean and six sigma in the 1990s, Scotland leads
the way with a “green practitioner” army. The Advanced Manufacturing Innovation Dis-
trict Scotland (AMIDS) is driven by cooperation and co-funding collaborative projects be-
tween industry and higher education institutions locally and internationally. The Scottish
government has been working in collaboration with different institutions such as NMIS and
the University of Strathclyde to support the manufacturers ecosystem. These institutions have
been implementing programmes to trigger innovation in a sustainable way. For example, the

Scottish Institute for Remanufacture stays at the cutting-edge helping businesses to grow and
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innovate. Advancements from the life sciences and Al enable accurate predictions to antici-
pate patient’s needs and discover new treatments for chronic disease such as cancer. Pharma-
co-vigilance allows tracking effects and adverse events in real time. These achievements are
attributed to sustained government support helping manufacturers to digitalise and to devel-

op innovative capabilities which started in the early 2020’s.

The UK hydrogen ambition for delivering 5GW of low carbon hydrogen production capacity
was achieved by 2030. There is a full range of end users demand in place across sectors and
location across Scotland. Hydrogen networks have been included through pipeline and non-
pipeline channels which ensures hydrogen can be reached for a full range of end users to re-
duce carbon emissions. The modern transport infrastructure allows digital connectivity and
energy efficiency. With the country progressing well towards net zero emissions, the use of
electric cars is dominant. Hydrogen vehicle uptake is dramatically increasing, and this is the

dominant type of fuel for public transport.

Millennials are driven by social values, rather than by more stable positions or higher salaries.
The Fair Work Commission have been assisting employees and employers to maintain fair
and productive workplaces through the adoption of digital technologies that support the
needs of the worker. The National Transition Training Fund also supports the workforce
across Scotland to upskill them in design, visualisation, robotics, automation, and program-
ming. Skills Development Scotland, through its Skills Investment Plans, works with a range of
institutions to deliver education programmes that encourage capabilities in science, technolo-
gy, engineering, and mathematics (STEM) from an early age. Upskilling of socially disadvan-

taged people is also included in this programme.

Employers are continuously training workers in how to use the new technology and Universi-
ties offer blended programmes for lifelong learning journeys to mature students locally and
internationally. However, there is still a lack of well-trained workers in Scotland due to a lack
of young students’ motivation to pursue careers in engineering. Manufacturing companies try
to fill this gap with special apps and software that enable international talent to work remote-
ly from other countries. Manufacturers are also encouraging a more diverse and inclusive
model providing technical training to minorities. Furthermore, the Scottish government has
strengthened their special visas programme for retaining and attracting extraordinary talent
for living and working in Scotland the last decade. These conditions and the innovative digital

manufacturing industry attract young people to the country. There is a migration of an inter-
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national workforce with expertise in manufacturing processes to Scotland coming from BRIC

(Brazil, Russia, India, and China) countries.

In companies serving volume markets, the production is more widely focused on human-
machine interaction than 15 years ago. Extensive Robotic process automation (RPA) elimi-
nates monotonous and repetitive tasks enabling the workforce to focus on activities that add
higher value such as R&D and innovation. Manufacturers can utilise the capabilities of Al to
increase their speed and efficiency. Manufacturing technologies connect companies through
flows of data across the value chain from design to use, servicing and potentially reuse. The
ability to link suppliers using remote technologies also increases the levels of resilience of the
supply base in Scotland. Manufacturers are more prepared for natural disasters and disrup-
tions. This is due to Scotland is having a capable and diverse supply base with stable service
providers. Furthermore, big data is being used for predictive analytics which prepares the
manufacturers for changes or disruptions in the market. The Internet of Things (IoT) is well
stablished and enables predictability and stabilisation of supply chain operations. Therefore,
autonomous supply chains react to disruption without significant manual effort and makes
event response much more streamlined. For example, blockchain enables transparency and

real-time collaboration across various tiers of the supply chain.

Manufacturing companies and policy stakeholders in Scotland are working together following
a coordinated approach to tackle the climate change plan. Scotland’s emission reduction tar-
gets and the green recovery are having positive results. For instance, Scotland has achieved
the 2036 target of reducing 84% of carbon emissions (from the 1990/1995 baseline). Now,
Scotland is gliding to reach net zero, close to 100% by 2045.
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Appendix Chapter 8 - Strategizing

A.C8.1 Miro board company 1

s e e e e

.

\
| 4

Two critical uncertainties were identified:

Impact of international and trade

Floyible/t A\

pSAF

Impact of innovation and diffusion (Passive/Active)

Scenario 3

Waorking like a donkey

Technological advancements imported

National technology exported and developed
International trade deals undermine domestic production
Low levels of capital vs labour in manufacturing process.
Use of international low-cost labour

Productivity levels below UK average

uncompetitive supply base is unattractive to international
supply chains

Scottish branded products thrive

Race to bottom culture

Limited access to investment finance, mainly only available
through international companies

Buying in carbon neutral technology

Passive- <

Mixed messaging over manufacturing

Instability around Brexit and independence referendum
Lack of access to global skills and knowledge base
Limited pool of national talent

Limited to

Suppliers struggle to be properly connected
Installed equipment not fir for purpose

Few major decisions made in Scotland
Disconnected and uncoordinated supply base
Gaps in supply base

Restrictive and reduced levels of funding
Scotland imports all carbon neutral technology
Strategic skills development fragmented

Constrained

Hidden like a turtle in a shell

Scenario 1

Flexible
+

4

v
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Scenario 4

Gliding like a delphin

Highly skilled international workforce

High levels of training and learning

Digital manufacturing attracts young people
‘World leading technolegical infrastructure
Digitally connected supply base

Expanded transport infrastructure

High levels of decision-making authority
Capable and diverse supply base

Rich and extensive sources of funding
Relatively stable political environment
Sustained political support

Scotland is net exporter of carbon neutral technology

+ +Active

Strong public and

Limited international collaboration to innovate and trade
High levels of continuous training programmes

Restrictive immigration rules affecting access to international
skilled workforce

High levels of cutting-edge technology

Limited exports and of

innovation

High level of use of manufacturing service platforms locally
Narrowed access to international supply base

Reduced use of available manufacturing capacities

Limited access to investment finance, mainly only available
through government

Barriers to export carbon neutral technology

Strong decision-making authority locally

Hibernating like a polar bear

Scenario 2



Discussion:
» What does each scenario mean for aerospace in Scotland and your organisation?
# What critical aspects are not covered in the scenarios but could happen in the future?

Set a focus:
# Decide which innovation capability dimension you want to focus on
# Decide which future scenario you believe is the most likely to happen

C4 Innovation

strategy, Scenario 1
communication, Working like a
and open donkey
innovation
T —— | ————————

Strategizing for the future:
1. Identify strategic actions that improve the chosen innovation capability dimension to
either seize an opportunity or mitigate a risk posed by your chosen scenario
2. Identify other scenarios where developed strategic actions could be useful
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A.C8.2 Miro board company 2

s e s e e .

.

.

Two critical uncertainties were iden

Impact of international and trade rel

" Flavihl A

psir

Impact of innovation and diffusion (Passive/Active)

Scenario 3

Working like a donkey

Technological advancements imported
National technology exported and developed

trade deals di ic production
Low levels of capital vs labour in manufacturing process.
Use of international low-cost labour
Productivity levels below UK average
L supply base is.
supply chains
Scottish branded products thrive
Race to bottom culture
Limited access to investment finance, mainly only available
through international companies.
Buying in carbon neutral technology

to international

Passive-  +

Mixed messaging over manufacturing

Instability around Brexit and independence referendum
Lack of access to global skills and knowledge base
Limited pool of national talent

Limited to

Suppliers struggle to be properly connected
Installed equipment not fir for purpose

Few major decisions made in Scotland
Disconnected and uncoordinated supply base
Gaps in supply base

Restrictive and reduced levels of funding
Scotland imports all carbon neutral technology
Strategic skills development fragmented

Constrained

Hidden like a turtle in a shell

Scenario 1

Flexible
+

n

v
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Scenario 4

Gliding like a dolphin

Highly skilled international workforce

High levels of training and leaming

Digital manufacturing attracts young people
World leading technological infrastructure
Digitally connected supply base

Expanded transport infrastructure

High levels of decision-making authority
Capable and diverse supply base

Rich and extensive sources of funding
Relatively stable political environment
Sustained political support

Scotland is net exporter of carbon neutral technology

* + Active

Strong public and p

Limited international collaboration to innovate and trade
High levels of continuous training programmes

Restrictive immigration rules affecting access to international
skilled workforce

High levels of cutting-edge technology

Limited exports and of

innovation

High level of use of manufacturing service platforms lacally
Narrowed access to international supply base

Reduced use of available manufacturing capacities

Limited access to investment finance, mainly only available
through government

Barriers te export carbon neutral technology

+ Strong decision-making authority locally

Hibernating like a polar bear

Scenario 2



Discussion:
» What does each scenario mean for aerospace in Scotland and your organisation?
# What critical aspects are not covered in the scenarios but could happen in the future?

Set a focus:
# Decide which innovation capability dimension you want to focus on
# Decide which future scenario you believe is the most likely to happen

\

|

1

I

/
/

' C4 Innovation Scenario 2
strategy, Hibernating
I communication, like a polar
and open bear
innovation
~— L ——

Strategizing for the future:
1. Identify strategic actions that improve the chosen innovation capability dimension to
either seize an opportunity or mitigate a risk posed by your chosen scenario
2. Identify other scenarios where developed strategic actions could be useful

300



301



Final discussion

Feedback

Give us your feedback fo mprove our ool

Feadback

-
-

Link to feedback form

e AP ——

302



A.C8.3 Miro board supply chain

s e e e e e .

.

Two critical uncertainties were identified:
Impact of international and trade relationships (Flexible/Constrained)
Impact of innovation and diffusion (Passive/Active)

Scenario 3

Working like a donkey

Technological advancements imported
National technology exported and developed

trade deals ine ds ic production
Low levels of capital vs labour in manufacturing process
Use of international low-cost labour
Productivity levels below UK average
L supply base is
supply chains.
Scottish branded products thrive
Race to bottom culture
Limited access to investment finance, mainly only available
through international companies
Buying in carbon neutral technology

to international

Passive - <

Mixed messaging over manufacturing

Instability around Brexit and independence referendum
Lack of access to global skills and knowledge base
Limited pool of national talent

Limited to

Suppliers struggle to be properly connected
Installed aquipment not fir for purpose

Few major decisions made in Scotland
Disconnected and uncoordinated supply base
Gaps in supply base

Restrictive and reduced levels of funding
Scotland imports all carbon neutral technology
Strategic skills development fragmented

Constrained

Hidden like a turtle in a shell

Scenario 1
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Flexible
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Scenario 4

Gliding like a dolphin

Highly skilled international workforce
High levels of training and learning
Digital manufacturing attracts young people
World leading technological infrastructure
Digitally connected supply base
Expanded transport infrastructure
High levels of decision-making authority
Capable and diverse supply base
Rich and extensive sources of funding
y stable political
Sustained political support
Scotland is net exporter of carbon neutral technology

*  + Active

Strong public and ]

Limited international collaboration to innovate and trade
High levels of continuous training programmes

Restrictive immigration rules affecting access to international
skilled workforce

High levels of cutting-edge technoalogy

Limited exports and of

innovation

High level of use of manufacturing service platforms locally
Narrowed access to international supply base

Reduced use of available manufacturing capacities

Limited access to investment finance, mainly only available
through government

Barriers to export carbon neutral technology

Strong decision-making authority locally

Hibernating like a polar bear

Scenario 2



Discussion:
» What does each scenario mean for aerospace in Scotland?
» What critical aspects are not covered in the scenarios but could happen in the future?

Set a focus:
» Decide which innovation capability dimension you want to focus on
» Decide which future scenario you believe is the most likely to happen

I SC1 Supply chain SCQ;!'lafi(_3'3
structure and working like a

| governance donkey

\ .

Strategizing for the future:
1. Identify strategic actions that improve the chosen innovation capability dimension to
either seize an opportunity or mitigate a risk posed by your chosen scenario
2. Identify other scenarios where developed strategic actions could be useful

|
1
I
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Link to feedback form
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A.C8.4 Feedback and validation questionnaire

1

2)

3)

4)

5)

6)

How would you rate the quality of the workshop? (From 1 to 5 with 1 = unacceptable

and 5 = outstanding)

1 2 3 4 5
O O O O O

To what extent was the mix of activities suitable to understand your innovation capabil-

ity? (From 1 to 5 with 1 = unsuitable and 5 = fully suitable)

1 2 3 4
O O O O |

93]

To what extent was the use of scenarios helpful to when creating innovation capability

development strategies? (From 1 to 5 with 1 = not helpful and 5 = very helpful)

1 2 3 4
(] O a O O

v

To what extent was the use of the framework helpful when creating innovation capabil-

ity development strategies? (From 1 to 5 with 1 = not helpful and 5 = very helpful)

1 2 3 4 5
O O a O O

How relevant was the workshop to your needs? (1 = irrelevant and 5 = highly relevant)

1 2 3 4
(] O a O O

63}

What suggestions do you have to improve the workshops?
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