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ABSTRACT
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The ability to generate knowledge across different technological cycles lies at the core of countries and regions’
competitiveness and economic growth. In this paper, we argue that research and technology organisations are public
actors best enabled to fill in the capabilities gaps that emerge across the varieties of knowledge. Given the recent
policy focus on regional development and the increasing complexity of new knowledge generation, we propose a
capability-based theory of research and technology organisations building on the insights of Alfred Marshall,
specifically his contributions about the collaborative nature of the knowledge-generation process and the place-based

nature of knowledge.
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1. INTRODUCTION

Knowledge creation and diffusion are the cornerstones of
economic growth and industrial development. In recent
decades, and with the advent of the information and com-
munication technology (ICT) revolution and digital tech-
nologies, there has been increasing attention to understand
how knowledge is created and how it dynamically evolves
across different places (Hervas-Oliver et al., 2021; Reveiu
et al, 2023). The growing complexity of innovation
strengthens the case for national and regional policies to
coordinate knowledge transfer and to promote processes
through which regions can remain competitive and
address structural imbalances and growing inequality (Bai-
ley et al., 2015, 2018). More than a century ago, Alfred
Marhsall highlighted the role of places in knowledge gen-
eration; his well-known analysis of ‘industrial districts’
emphasised the embeddedness of knowledge in specific
places and its path-dependent nature, writing that special-
ised ‘knowledge is in the air’, yet at the same time that ‘all
important knowledge has long deep roots stretching
downwards to distant times’ (Marshall, 1920, IV, X, 2).
Both in the air and with deep roots, Marshall’s analysis
of knowledge emphasised its embeddedness in specific

places and its path-dependent nature. In his Industry and
Trade (1919), a neglected aspect is Marshall’s analysis of
local initiatives that bridge actors across innovation stages
to transfer knowledge and realise external economies
through collective innovation (Bellandi et al., 2025); Mar-
shall’s description of the ‘three classes of laboratories’ (dis-
cussed in section 2.1) provides a first overview of the
different organisations required to fill gaps in the knowl-
edge transfer process.

Since Marshall, knowledge, actors and coordination
have changed profoundly. Knowledge now involves com-
plex products and interrelated technologies, with each
generation building on the last (Andreoni et al., 2021).
It also flows across fewer physical boundaries but with
a high level of ‘stickiness’ (Markusen, 2017). Changes
in the manufacturing systems have also reshaped differ-
ent actors roles: large firms no longer dominate as
knowledge gatekeepers, while the role of corporate
research and development (R&D) has spurred special-
ised research and engineering firms (Arora et al,
2018). Production and organisation are more fragmented
and dispersed, with clusters of capabilities emerging

across regions (Hervds-Oliver &  Albors-Garrigés,
2007).!
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Against this backdrop, scholars in the Marshall tra-
dition have extensively analysed knowledge generation at
the regional level. Regions are complex systems (Lom-
bardi, 2003) where the coordination for knowledge cre-
ation sees the emergence of different actors across time,
with different roles depending on the failures and gaps
characterising knowledge creation. Current disruptive
challenges are redefining global and local scales and con-
nections, imposing processes of continuous transformation
that require increasing coordination (Bellandi et al., 2025).
Recent contributions in the regional innovation systems
(RIS) literature, stress the urgency to move from a firm
agency analysis (Boschma & Frenken, 2011) to a sys-
tem-level agency perspective (Hassink et al., 2019). This
view calls for a multi-actor approach, where the role of
actors (e.g., universities, research institutes) is analysed
in their activities to transform and reshape innovation sys-
tems and industrial paths through the transformation of
knowledge-related capabilities (Isaksen & Trippl, 2016).
Existing work in this field focuses mostly on universities,
overlooking the role of other innovation intermediary
actors in shaping RISs (Benneworth et al., 2017; Kauf-
feld-Monz & Fritsch, 2013; Pinto, 2024).

Building on Marshall’s seminal work on the dynamics
and actors involved in knowledge generation, this paper
elaborates a comprehensive theory of research and tech-
nology organisations (RTOs), which are a specific type
of innovation intermediary that promote activities to fill
the ‘valley of death’ gap between university-based research
and the commercialisation phase (Conlé et al., 2021;
Miller, 2022; Shapira et al., 2015). RTOs are a subset of
innovation intermediaries (De Silva et al., 2018) focused
on conducting applied research to ensure commercialisa-
tion and scale-up activities; they are privileged actors
since, through their knowledge and capability repository
role, they maintain an organisational memory (Hikanson
et al., 2011) that is critical for new knowledge path cre-
ation (Albors-Garrigos et al.,, 2010). Our contribution
points to the role that RTOs can increasingly play as pub-
licly funded bodies that coordinate and ensure that value
creation translates into value capture across different
regions (Bailey et al., 2018, 2023; Pitelis & Runde,
2017). Specifically, we argue that the flexible and adapt-
able nature of RTOs’ activities is key to fostering regional
upgrade and diversification, avoiding lock-in traps and
promoting regional industrial innovation policy (Oughton
etal., 2002). Proposing a renewed role for RTOs as a coor-
dinating body in the ecosystem builds on the Marshallian
concept that the benefits arising from firms’ co-location
(i.e., the external economies) do not materialise automati-
cally and that they require different levels of coordination
and intermediation. Our theory is exemplified by RTOs in
the US and the UK, where initial efforts to connect RTOs’
activities and mandates with regional ecosystems respond
to a rising interest in promoting regional upgrade, for
example, through programmes such as the Levelling Up
Agenda, Strength in Places Fund in the UK, and Regional
Technology and Innovation Hubs in the US (Martin et al.,
2021; Muro et al., 2023). The evidence presented stems
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from a two-year comparative project on RTOs’ activities
and division of labour with other organisations in the eco-
system; preliminary empirical evidence is discussed by
Anzolin and O’Sullivan (2025). As a further contribution,
this paper adds a Marshall lens to RTOs, providing a con-
ceptual and theoretical framework to support strategic
analysis for regional innovation policy and RTOs’ mission,
addressing considerations related to the division of activi-
ties between intermediaries, varieties of knowledge devel-
oped and stages of innovation involved. This paper builds
and further extends the work of Anzolin and O’Sullivan
(2025), giving an analytical dimension to the multiplicity
of activities, and the coordination efforts that are spon-
taneously emerging through bottom-up experimentation
across different RTOs.

The remainder of this paper is structured as follows.
Section 2 briefly discusses the theoretical building blocks,
revisiting Marshall’s ideas in light of more recent contri-
butions. Section 3 presents a framework to conceptualise
RTOs as key actors that can strategically ‘fill the gaps’
within the ecosystem. Section 4 discusses three elements
that underpin our theory and exemplifies our argument
with reference to recent developments in the UK and the
US. Section 5 presents the implications of our theory for
regional policy and concludes, indicating opportunities
for future research.

2. THEORETICAL BUILDING BLOCKS FOR A
PLACE-BASED THEORY OF REGIONAL
RTOs

This section illustrates the main Marshallian-inspired
theoretical blocks that we use for our theory-building pro-
cess of RTOs and places our analysis within the RIS
literature.

2.1. ‘Organisation[s] aids knowledge[s]'?
In the last three decades, the emergence of new technol-
ogies and the fast pace of their evolution have reshaped
key elements of the economy of production, highlighting
new challenges for economic growth. For these reasons,
knowledge creation and diffusion have become a priority
in policy and economic analyses (Cainelli et al., 2004;
Dosi, 2009; Metcalfe, 2002). The classical economist
Alfred Marshall had a multifaced understanding of knowl-
edge, which he believed to be the most powerful engine of
production (Marshall, 1919). He thought of innovation
not as a disruptive force but rather as a process of continu-
ous practice from which innovation emerges, as ‘practice in
any kind of thinking develops new connections between
different parts of the brain’ (Marshall, 1920, 1V, IX, 1).
He also recognised the path-dependent nature of knowl-
edge and how much its existing stock matters for future
advances: ‘all important knowledge has long deep roots
stretching downwards to distant times’ (IV, X, 351).

An interesting, pioneering and overlooked aspect of
Marshall’s work is his diverse set of actors that contribute
to knowledge generation. In Industry and Trade, he dis-

cussed three classes of national laboratories in charge of
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the knowledge-generation process (Marshall, 1919, I, V,
4): the first class secks to extend knowledge at large
(such as university-based laboratories); the second aims
at knowledge generation in specific sectors or branches
of the economy (such as the big corporate R&D labs® or
associations of firms that collaborate for more applied
research); and the third type checks the quality of output
of individual works (this is described less of a research lab-
oratory and more a quality and control organisation). Mar-
shall’s ecology of laboratories (Metcalfe, 2007) already
posed that knowledge creation requires a quite heteroge-
nous set of actors that provide different types of activities
beyond the basic R&D, including applied R&D such as
demonstration activities, and processes for knowledge
adoption and diffusion (e.g., including organisation and
standards issues); for example, the third type of laboratory
discussed by Marshall ‘does not, as a rule, do any consider-
able research: but it enables the business ... to make sure
that each of its products ... is true to its proper standards’
(Marshall, 1919, 1, V, 4).

The innovation landscape has changed fundamentally
since Marshall; the decline of large corporate R&D labs,
along with the loss of their embedded technical-scientific
capabilities, has reshaped innovation systems. This con-
tributed to widening gaps in commercialisation and
scale-up capabilities (the so-called ‘valley of death’), lead-
ing to the loss of industrial commons (Pisano & Shih,
2009), stagnant productivity in most advanced economies
(Haldane, 2017), and concerns over how value creation
translates into value capture. Value creation refers to gen-
erating new knowledge, often in universities or research
labs, and value capture refers to firms’ technology adoption
and diffusion across supply chains, where large firms and
small and medium-sized enterprises (SMEs) face distinct
challenges. Addressing these issues requires activities
beyond standard R&D; Marshall’s three classes of labora-
tories already anticipated the need for different organisa-
tions to support distinct stages of knowledge generation.
Framing the innovation process through organisations
that promote knowledge development, adoption and dif-
fusion helps to understand (and to address) why processes
of value creation and value capture often misalign (Bailey
et al., 2018).

2.2. Knowledge generation as a cooperative
process

The relevance of multiple actors in the knowledge-gener-
ation process points to its collective nature. By using
biology as a metaphor in economic thinking, Marshall
(1920) also pioneered the concept of knowledge gener-
ation as a process where different individuals and organi-
sations need to cooperate to achieve competitiveness and
economic growth. He emphasised the importance of
bringing together different actors: ‘if one man starts a
new idea, it is taken up by others and combined with sug-
gestions on their own, and thus it becomes the source of
new ideas’ (Marshall, 1920, IV, X, 3). Collective inno-
vation is a key aspect of the Marshallian concept of exter-
nal economies. Specifically, by looking at the ‘most

efficient forms of constructive cooperation [they] are
seen in a great industrial district where numerous special-
ized branches of industry have been welded ... into an
organic whole’ (Marshall, 1919, III, XII, 1), constructive
cooperation would, for example, provide smaller firms
access to services that could not be available given the
low and fragmented demand.

These concepts were first formulated in the ‘Localis-
ation of Production’ (Marshall, 1919, IV, X), providing
a sophisticated analysis of why ‘when an industry has cho-
sen a locality for itself it is likely to stay long, so great are
the advantages’ (Marshall, 1920, IV, X, 3). In describing
industrial districts’ external economies, what they are and
how they develop, a key aspect is local collective initiatives
that target the transformation of localised industries
requiring an ‘organised proximity’ of facilities and services
for skills upgrading, training and technology transfer (Bel-
landi et al., 2025; Torre, 2008).

Beyond Marshall, cooperation has been largely studied
in firm-level analyses as a driver of continuous knowledge
creation. Resource-based, evolutionary economics and
evolutionary economic geography perspectives —stress
cooperation as central to building firms’ unique advantage
to remain competitive (Boschma & Frenken, 2006; Nel-
son et al., 1985; Penrose, 2009). Similarly, regions and
ecosystems endure through ‘untraded interdependencies’,
requiring increasing differentiation and sophisticated
coordination (Keeble & Wilkinson, 1999; You & Wilkin-
son, 1994). In other words, regions develop distinctive
competencies, difficult to replicate and reliant on geo-
graphical proximity for their renewal (Uyarra, 2010).

The clustering of firms in specific places, producing
outcomes greater than the sum of the parts, has been a
subject of great interest. Since Marshall, the cluster and
agglomeration literature has expanded substantially, offer-
ing theoretical and empirical evidence on their importance
(Becattini et al., 2009; Brusco, 1986; Dei Ottati, 2018;
Piore & Sabel, 1984; Schmitz, 1999). Evolutionary econ-
omic geography has contributed to it by examining inno-
vation and firm co-evolution in new path development,
with particular focus on micro-foundations of growth
(Hassink et al., 2019; Schamp, 2016). In this process,
firms and industries are not entirely free to choose their
location but are highly influenced by the complementary
assets they require for path creation and value generation
(Martin & Sunley, 2006).

2.3. Knowledge and regions: a system-level
agency analysis

In analysing regional evolution, evolutionary economic
geography has been criticised for focusing too heavily on
firms at the expense of the institutions (Hassink et al.,
2014). Recent studies have addressed this gap, highlight-
ing the institutional dimension of new path developments
(Boschma et al., 2018; Boschma & Capone, 2015). They
show that technology-driven processes must be coupled
with institutional ones, combining external and internal
knowledge flows (Trippl et al, 2018). Mainstream
approaches take the local firm as the starting point, mostly

REGIONAL STUDIES
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neglecting other actors such as universities, research insti-
tutes, policy actors and foreign companies; new path
development is a combination of a firm-driven process
and an institutional-driven process, where the latter is
key to fostering and coordinating the recombination of
existing and new skills and knowledge (Boschma & Fren-
ken, 2011).

New paths need to be institutionalised and often
require changes in the organisational and institutional
configurations of innovation systems. Such changes are
performed by a heterogeneous multi-actor system, which
requires a multi-actor approach (Trippl et al., 2018) to
understand how new growth paths are created through
activities undertaken by different actors that develop
complementary assets (Garud & Karnee, 2003).

Organisations emerging outside firms play a crucial
role in cluster development. Building on Marshall’s notion
of the tripartite ecology of the laboratories discussed in
section 2.1, studies of the Italian industrial districts ana-
lysed the emergence of two external (to the firm) actors,
who reinforced the cluster formation through collective
services: a net of public and private associations that coor-
dinated small firms’ activities for the provision of adminis-
trative, credit and marketing services (Brusco, 1982;
Locke, 2018); and service engineering firms that built pro-
blem-solving capabilities across value chains. These actors
fostered collective efficiency and knowledge diffusion
(Schmitz & Nadvi, 1999), driving competitiveness in pro-
duct quality, speed and co-innovation, which individual
enterprises could not achieve alone.

The nature of linkages between actors determines
knowledge-creation effectiveness; the RIS literature sup-
ports an institutional and system-level analysis (Hassink
etal., 2019), shifting the focus beyond firm-level strategies
(Iammarino, 2005; Uyarra, 2010); and RISs encompass
two subsystems (Asheim et al., 2016), the knowledge
exploration one, involving universities and research insti-
tutes generating new knowledge, and the knowledge
exploitation one, involving firms in horizontal and vertical
networks that apply it. Bridging these subsystems is a core
function of innovation systems, ensuring that knowledge is
both created and captured locally.

Public sector organisations are key to bridge these sub-
systems (Howells, 1999). Building on theoretical insights
about knowledge types, actor diversity and cooperation,
the next section develops a theory of a specific class of pub-
lic innovation intermediaries: RTOs.

3. THE COORDINATING AND ‘GAP-
FILLING' ROLE OF RTOs

3.1. Special role of RTOs

Our paper argues that there is a rationale for a specific type
of actor that can fill gaps in the knowledge-generation pro-
cess and act as a coordinating body at the regional level,
tackling market and system failures while also leading to
market extension and resource creation. For this paper,
we consider RTOs that receive part of their funding
from public bodies (national and/or regional) (Van
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Lente et al., 2003). The provision of government funding
for RTOs is justified through the market failure argument:
the invisible hand of the market fails to deliver the opti-
mum in the innovation process — with private investors
failing to invest enough during pre-commercialisation
phases, the so-called ‘valley of death™ often indicated
with technology readiness levels (TRLs) 4-6> — and thus
governments provide funding to favour scaling-up activi-
ties (Ellwood et al., 2022). RTOs belong to innovation
intermediaries (De Silva et al., 2018), and they provide a
set of activities for commercialisation, scaling up and
increasingly innovation adoption and diffusion (Anzolin
& O’Sullivan, 2025). They have existed for some time;
depending on the countries, they emerged after the Second
World War (e.g., Fraunhofer in Germany), before the
industrialisation period (e.g., Kosetsushi in Japan), or
more recently to solve deindustrialisation challenges
(e.g., the Catapults network in the UK and Manufacturing
USA (M-USA) Institutes in the US). RTOs can be very
diverse, depending on their governance, their mission,
their funding model and the functions they provide (Leit-
ner, 2005); they are considered ‘super intermediaries’
because they act at the interfaces of government, industry
and academia, promoting the transfer of knowledge (Shei-
kheldin, 2021). They have also been defined as ‘boundary
organisations’ to emphasise their place at the interfaces
where innovation, science and policy actors meet to con-
tribute to technology scaling up (Chataway et al., 2019;
Hanlin et al., 2018). Arnold et al. (2010) categorise
RTOs into technology-push institutes, industrial develop-
ment institutes and service-oriented institutes, initially
dedicated to measurement and testing activities. While
there is a close association between Marshall’s third type
of laboratory and the initial role of RTOs, activities have
expanded to cover applied research for big companies
(the first type in Marshall) and, in many cases, quasi-pub-
lic activities in sector-specific technology applications
(which could be closer to the industry-specific organisa-
tions in the second Marshallian type).

Understanding knowledge, as Marshall proposed a
century ago, as co-produced between different actors and
not as a linear model, implies a high level of coordination
as well as organisations enabled with different functions.
Each ecosystem presents a push and pull dynamic between
science, technology and the marketplace; in these ecosys-
tems, the process linking science with the marketplace
has additional feedback loops and variations over time
(Mowery & Rosenberg, 1979). As recognised by the
regional economic literature, the typology of information
flow is relevant as it is the quantity and quality of channels
through which such information is transmitted. RTOs
operate across the horizontal dimension of clusters where
learning happens; they have become ‘strategic operators
functioning as transducers of hidden information’ (Lom-
bardi, 2003, p. 1459). This is reflected in their ability to
balance both knowledge integration and networking
roles (also defined as ambidexterity; De Silva et al.,
2018); the former sees RTOs exchanging and integrating
the existing stock of skills and knowledge by engaging in
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Figure 1. Model of innovation.
Sources: Arnold et al. (2014), adapted from Rothwell (1994).

the transfer and integration of external knowledge (Klerkx
& Leeuwis, 2008). The latter role responds to RTOs
‘natural’ ability to bring together collaborative partners,
coordinating and fostering networks.

RTOs’ innovation ambidexterity relies on coordinating
knowledge flows, from ideas and science to market appli-
cations (Figure 1). Central to this process is the stock of
existing knowledge, which underpins innovation not
only through discoveries but also by reusing and adapting
old knowledge. RTOs act as repositories of this knowl-
edge, helping to address multilevel failures (Arnold
et al., 2014). First, they mitigate information asymmetries
in ecosystems where large multinational corporations often
dominate smaller firms, which might remain locked into
certain activities. Second, they manage the diversity of
knowledge types, which demand tailored and coordinated
functions, diffusion channels, and feedback loops. Third,
regionally clustered RTOs benefit from knowing and
building on local calpalbilities6 while strengthening supply
chain connections. The following section further develops
the case for the regional role of RTOs.

3.2. Regional industrial policy
The continuous evolution of industrial districts towards
value-retaining processes has been seriously challenged
(Bailey et al., 2010; Dei Ottati, 2018), with many regions,
especially in the West, struggling to quickly shift towards
higher value-added segments. These challenges are not only
in the industrial structure but also at the socio-economic
level since the inability to retain value translated into higher
unemployment and an increase in less skilled occupations
(Bailey & De Ruyter, 2012). This is evident in high per
capita gross domestic product (GDP) countries such as
the UK and the US, with exceptional universities that con-
tribute to the research innovation base, but whose value is
not fully translated into local manufacturing systems.

In recent years, following the unsuccessful results of
policies that treated places on a one-size-fits-all basis,

State of the art in technology and production

Underlyving stock of existing knowledge

there has been a renewed interest in regional policies and
in how pre-existing capabilities matter for regional trans-
formation. We briefly discuss three examples. First, the
Smart Specialisation agenda in Europe (known as RIS3
Research and Innovation Strategies for Smart Specialis-
ation) was a tangible recognition that places matter for
economic development. The programme called on regions
to promote an ‘entrepreneurial discovery process’ where
opportunities in distinctive innovation domains and across
different ecosystems can be identified (Foray, 2014; Mor-
gan, 2017; Vallance et al., 2018). Second, a broader con-
cept of place-based policies has emerged from a focus on
clusters as a central unit of analysis to reinvigorating old
regional industrial bases (Bailey et al., 2019, 2023), with
concepts such as co-creation and cluster-based capabilities
that have been adopted by policymakers, for example, in
the Levelling Up Agenda and programmes such as the
Strength in Places Fund and Innovation Accelerators in
the UK (Bailey et al., 2023; Department for Business,
Energy & Industrial Strategy (BEIS), 2021; Leyshon,
2021). A third example is the US, where there has been
a renewed focus on ‘network building industrial policies’
(Wade, 2017),” and increasing attention combined with
generous funding (Muro et al., 2022) to regional consortia
and innovation tech hubs (Audretsch, 2018). One of the
most interesting aspects of these place-based policies is
the recognition that regional renewal and diversification
aim at building a competitive advantage through an entre-
preneurial-discovery process that is often coordinated by
external actors (Foray, 2014). The following section argues
that such a process can be fostered and coordinated by

RTO:s.

3.3. A framework for RTOs’ policy design

The increasing attention to market and system failures
that characterise the innovation process, together with
the recognition that place-specificities matter for indus-
trial reconfiguration, led to renewed interest in RTOs

REGIONAL STUDIES
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and how they can be best designed to increase local value-
generating processes (Larrue & Strauka, 2022). In this
section, we introduce a framework to further unpack
RTOs’ functions along the varieties of knowledge. We
argue that there is a specific case for RTOs to promote
regional development. Figure 2 indicates two levels of
the analysis. First, the top of Figure 2 indicates the var-
ieties of knowledge in the innovation process and how
they interact with one another. Knowledge development
refers to the process required to move the technology
from a lab scale to commercialisation. Knowledge diffu-
sion indicates the diffusion to early adopters, which is fol-
lowed (not linearly) by knowledge adoption to other
sectors and other firms. Finally, production diffusion
knowledge refers to the diffusion at the supply chain
level, a point where the technology is fully mature, yet it
requires activities to spur its use along and across value
chains. There are continuous feedback loops and variations
over time between the varieties of knowledge, where the
interaction of different competencies (e.g., science and
engineering) is critical to overcoming scale-up challenges,
structural and production bottlenecks. The circle at the
centre of the feedback loops refers to how technology dif-
fuses across different levels of the innovation process. The
arrow at the top indicates the flow from knowledge cre-
ation to the adoption phase, where it becomes integrated
at a systemic level; the striped arrow indicates that there
is no linear process and that there is often the need to go
back to more foundational science to solve issues that
may arise in the engineering integration phase. The dotted
line indicates the same principle of interrelation between
knowledge adoption and knowledge diffusion, which in
this case is related to diffusion in the production system.
Figure 2 refers then to the TRLs that indicate the maturity

of a specific technology (TRLs 1-9); nowadays, the focus
of RTOs is mostly on TRLs 4-6, yet it is evolving to
higher TRLs with the evolution of new technologies
that require more activities in the knowledge adoption
phase, for example, demonstration and deployment
(Anzolin & O’Sullivan, 2025).® Higher TRLs, depending
on different ecosystems, can be addressed by RTOs or
other types of intermediaries; we argue that, given the
deep understanding of the ecosystem where they operate
and of the technology life cycles, the coordinating role of
RTOs is key in organising and orchestrating different
actors (and the corresponding activities), also beyond
what falls under their mission.

Second, the bottom part of Figure 2 proposes three
different types of activities that can form part of RTOs’
action in their ecosystems (Anzolin & O’Sullivan, 2025):
technology development, workforce development and
supply chain development activities, categories that are
both discussed in the recent literature and in policy-related
documents” with some activities being core to RTOs’ mis-
sions (i.e., technology development) and others that have
been emerging. Technology and workforce development
point to the importance of building knowledge and
human resources, while supply chain development under-
pins the importance of developing competencies across
sectoral and multi-sectoral networks. For each domain,
we indicate examples of activities that can be offered to
different firms across the ecosystem and that depend on
which level of the innovation process (and the TRLs)
the RTO, or other intermediary organisation, operates.
Figure 2 captures the different ‘varieties of knowledge’
and their respective ‘diffusion channels’ highlighted in
Figure 1. Finally, RTOs are nested in specific places,
and a clear regional mandate would strengthen RTOs’
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role in connecting the innovation exploration and the
innovation exploitation subsystems across the varieties of
knowledge. There is scope to repropose the concept of
regional intermediaries introduced by Clark (2014) with
the three roles — that match our domains in Figure 2 —
of labour market intermediaries, supply chain intermedi-
aries and innovation intermediaries (Clark, 2014). The
next section discusses the four building blocks for a capa-

bilities-based theory of RTOs.

4. TOWARDS A MARSHALLIAN,
CAPABILITIES AND REGIONS-BASED
THEORY OF RTOs

This section begins by outlining four Marshall-based ideas
that build our case for a capability regions-based theory of
RTOs that perform different functions within the ecosys-
tem. Although RTOs have existed for decades,'® we argue
that there are some specific conditions, such as deindus-
trialisation trends, regional inequality and capability loss
in many advanced economies, which call for RTOs with
a public nature and a regional focus to solve the numerous
system failures that characterise the local process of knowl-
edge generation. The concluding part of this section pro-
vides examples about the UK and the US, where the recent
setting up of RT'Os and focus on regional levelling up pre-
sent an interesting example of the ongoing changes and
opportunities discussed in this paper.

4.1. The case for an RTO's capabilities-based
theory

4.1.1. A public body for applied R&D

The decline in corporate R&D labs caused an important
change in the R&D landscape. Years beyond such decline,
there remains a void in addressing early stages research
such as the user-inspired basic research and applied
research (Stokes, 2011), and the valley of death challenges,
which often require firms and other actors to associate in
order to bring together their efforts to conduct more
applied R&D. However, as already argued by Marshall
(1919), in these associations — if left to market forces
alone — there may be ‘conspiracy to monopolise’ a particu-
lar branch of the industry, and therefore since:

the experience of the ages shows that associations set up for
constructive purposes are in danger of being turned to
destructive ends ... it may perhaps be to the public interest
that some limited contribution should be made from public
funds to the support of such associations.

(Marshall, 1919, 1, V, 4)

Public intervention in the form of RTOs not only can pre-
vent such ‘destructive ends’ but also can be in a better pos-
ition to provide and organise a mix of expensive
infrastructure, such as testbeds, demonstration facilities
and highly specialised training centres that are required
for applied R&D and co-innovation, especially in high-
technology sectors. These infrastructures have the nature
of quasi-public goods, a characteristic that, while raising

transaction costs and thus complicating R&D policy,
also justifies/calls for a more coordinated public interven-
tion to fill the gaps with a mixture of public and private
funding, distributed over the life cycle of the innovation
process (Tassey, 2004).

4.1.2. A public body beyond applied R&D

Although in most countries RTOs were established with
the mission to address the valley of death, it has become
clear even in well-established RT'Os, such as the Fraunho-
fer centres in Germany and Kosetsushi in Japan, that they
have a unique set of technical and organisational capabili-
ties such that their mission can be expanded in terms of
both their technology focus (not only concerning the valley
of death but also towards knowledge adoption) and their
workforce development (i.e., providing specialised training
and filling the gaps between university skills supply and
firms’ skills demand) and supply chain development (i.e.,
adopting a perspective where the sector is substituted for
a value chain type of analysis that enable to understand
the gaps of different value chain segments often nested
into and across specific regions) (Anzolin & O’Sullivan,
2025). In other words, RTOs’ understanding of different
players and different technical and organisational capabili-
ties in the ecosystem allows them to sit in the interstice with
a privileged position to address specific gaps within and
across the different varieties of knowledge (knowledge cre-
ation, knowledge adoption and knowledge diffusion). Sev-
eral studies confirm that SMEs are lagging behind in
technology adoption (Buonanno et al., 2005; Miiller
et al., 2018), signalling a problem in the knowledge adop-
tion and knowledge diffusion part of the innovation cycle.
In this context, RT'Os can act as a public body for dissemi-
nation across SMEs, which often lack the retrofitting and
organisational capabilities needed to adopt and integrate
digital technologies at the firm level and across the supply
chain (Raj et al., 2020); in highly successful model of
RTOs such as the Fraunhofer institutes in Germany,
two-thirds of the research projects are with SMEs, reaching
three-quarters in publicly joint research projects.'! Filling
this gap by providing public support to SMEs fosters adap-
tation and learning mechanisms around new technologies.
For example, demonstration activities are important to
show firms the potential advantage of using more advanced
technologies (Anzolin & O’Sullivan, 2025). As Marshall
argued, learning by doing is critical, since ‘practice in any
kind of thinking develops new connections between differ-
ent parts of the brain’ and it enables problem-solving, ‘we
know for a fact that practice will enable a person to solve
quickly, and without any considerable exertion, questions
he could have dealt with but very imperfectly a little while
before’ (Marshall, 1920, IV, IX, 1).

In countries where RTOs have a long-standing role,
they have become accumulators of technical and organis-
ational capabilities due to their problem-solving activities
at different levels of the value chain and across sectors,
developing a critical set of capabilities to address gaps
across the varieties of knowledge. The criticality to address
gaps at different levels of the innovation process was part
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of Marshall’s analysis of the ecology of research labora-
tories (Marshall, 1919, IV) (Metcalfe, 2007). He argued
that in the three types of national laboratories (see section
2.1), their ‘division of labour’ highly matters because
advances are made in cooperation by different men of
different capabilities and specialism with different
methods (Metcalfe, 2007). Marshall argues that:

his studies [of the academic person searching pure science in
laboratories] will lose nothing from keeping in touch with
some of those industries, whose methods might be improved
by increased knowledge of the properties of the products
which he is studying. ... Therefore it is well that laboratories
devoted to the advance of pure science should take some
account of the work of a second class of laboratories,
whose researches are specialized on the attainment of par-

ticular ends.
(Marshall, 1919, 1, V, 4)

Marshall’s approach reflects a wider division of labour in
the knowledge creation process, in which competitive
advantage depends increasingly on the mastery of abstract
science and engineering principles (Metcalfe, 2007). This
has straightforward implications for industrial policy,
where interventions aimed at influencing the relations
between agents should give direction to the specialisation
of agents, thus permitting greater articulation and lower-
ing the cost of coordination (Bianchi & Bellini, 1991).

4.1.3. A public body to coordinate external
economies

The actors in charge of different bits of the innovation
process require coordination to deliver positive spillovers,
especially to benefit from co-location dynamics. We dis-
cussed these benefits in section 2, referring to Marshall’s
concept of ‘external economies’ that do not materialise
automatically (Metcalfe, 2007). Actors require coordi-
nation to complement their dissimilar and complementary
activities, which are better performed between different
complementary firms in the ecosystem (Richardson,
1972). Collective learning is a technology-specific process,
and the diffusion of innovations depends on incremental
adjustments along well-known paths (Bianchi & Bellini,
1991). There is an intrinsic continuity of adaptations in
the innovation process, and RTOs are critical actors in
coordinating the evolving knowledge while facilitating a
particular culture of learning and adaptation (Amin &
Wilkinson, 1999); as part of their presence and activities,
new parts are developed, connections made and bound-
aries redrawn (Marshall, 1920; Metcalfe, 2007). Their
relational capabilities with other actors of the ecosystem
are likely to reinforce their internal capabilities for knowl-
edge generation (De Silva et al., 2018).

Coordination is critical to facilitate positive spillovers;
it is likely to reinforce linkages within and across different
supply chains and to complement, when not direct, the
operations of anchor firms to organise their value chain.
In the context of the supply chains, RTOs’ role would par-
ticularly target vertical linkages (Maskell, 2001) where
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they can play an intermediary role between demand and
supply, thus providing stable demand for innovations as
well as the technical expertise and infrastructure on the
supply side (Oughton et al., 2002). Coordinating external
economies is a challenging process that requires RTOs to
act as ‘institutional entrepreneurs’ aiming at tying together
‘the functioning of disparate sets of institutions together’
(Garud et al., 2013; Kitagawa et al., 2025, p. 137). Recent
work on RTOs’ innovation ambidexterity points to their
ability to balance between their knowledge integration
role, which is conductive of exploratory innovation (creat-
ing new knowledge) and their networking role associated
with exploitative innovation (improving existing knowl-
edge and skill set) (De Silva et al., 2018; see also the analy-
sis of Asheim et al., 2016, discussing the concepts of
knowledge exploration subsystems and knowledge exploi-
tation subsystems).

4.1.4. An orchestrator of the regional ecosystem
RTOs have a key position to provide an orchestrating role.
Again, in line with Marshall’s intuition that the ‘survival of
the fittest’ (Marshall, 1920, VI, VII, 597) may not select
the best-fitted solutions to benefit the environment/
society, RTOs are in an ideal position to be one of the
leading actors in policy co-design, both serving policy-
makers to gather evidence and providing an active role
to the policy implementation process. Public funding is
already widely deployed to target socially desirable out-
comes, and RTOs have the potential to serve such out-
comes given their diversified set of dynamic capabilities
(Teece, 2017) to address challenges faced by different
actors across ecosystems, even more so in times of technol-
ogy disruptions. Such a privileged position comes from a
deep understanding of key actors in the ecosystem based
on an organisational memory that is key for their function-
ing with different actors (Hékanson et al., 2011), from
original equipment manufacturers (OEMs) to specialised
engineering firms (Castellacci, 2008), SMEs and univer-
sities. Finally, and in line with the importance of fostering
the evolution and diversification of regions and clusters,
RTOs can increasingly be in charge of such transition,
building on regional strengths and promoting related or
unrelated diversification (Uyarra et al., 2020). Recent evi-
dence finds that when embedded in RISs, that is, when
their regional mandate is clear and effective, RTOs can
act as an effective regional policy driver, developing a
role in the coordination of both policy formulation and
implementation (Kitagawa et al., 2025).

4.2. Recent evidence of the debate in the US

and the UK

The paper now presents insights coming from two RTOs
in the UK and the US to exemplify our proposed theory. In
both the UK and the US, challenges in translating knowl-
edge creation into knowledge diffusion became evident in
the late 2000s, with deep roots in the deindustrialisation
process from the 1980s. In both countries, one of the pol-
icy actions was the creation of a network of RTOs to pro-
mote higher value capture from innovations: the Catapult
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network in the UK (in 2011) and the M-USA institutes in
the US in 2013. The evidence presented in this section, to
exemplify how our framework can be used in practice,
comes from a two-year comparative project on RTOs in
the UK and the US, where both primary (20 semi-struc-
tured interviews) and secondary (grey literature and avail-
able material on different organisations) data were
gathered;'? the main focus of the study was on RTOs
changing roles and activities, and on RTOs division of
labour with other intermediaries (see also Anzolin &
O’Sullivan, 2025). We purposefully sampled the organisa-
tions to study: two RTOs institutes, the High Value Man-
ufacturing Catapult (HVMC) in the UK and MxD in the
US, together with other organisations that aim at filling
different gaps in the knowledge-generation process, the
manufacturing extension partnerships (MEPs) and in
the US, which are long-standing manufacturing organisa-
tions that focus more on technology adoption, lean man-
ufacturing and on-demand services for SMEs, and the
Made Smarter Adoption programme in the UK.B
Figure 3 is an application of our framework. Using
examples from the UK and the US, we show different con-
ceptual and strategic layers in RTOs’ activities and division
of labour across different knowledge domains. Examples of
the mix of activities (i.e., technology, workforce) are
reported under each organisation (RTOs and non-
RTOs), indicating different domains of collaboration (i.e.,
services) with firms. Figure 3 also indicates that RTOs’
range of activities is not limited to TRLs 4-6 anymore (it
has been shifting downstream) and that, building on their
internal and relational capabilities, they have been able to
sense firms’ evolving needs and to reconfigure accordingly.
There is recent evidence pointing to a new phase for
both networks, where collaboration is taking over

competition dynamics both within the networks (of Cata-
pults and M-USA institutes) and — mostly for the US -
with other actors in the ecosystem, for a more efficient div-
ision of labour between intermediaries (Anzolin & O’Sul-
livan, 2025; Simpson, 2022). Complementarity reinforces
collaboration; M-USA focus more on the scaling up of
both product and process technologies, while MEPs pro-
mote the diffusion of production technologies along the
supply chain (Figure 3). In the US, such collaboration is
both bottom-up, through project collaboration, and top-
down, as enforced by the Department of Commerce,
which tries to enforce a division of labour and cooperation
between M-USA and MEPs (CRS, 2019). In the UK,
there is a similar trend of increasing collaboration, yet
the emphasis is more on collaboration with universities
and businesses rather than with other innovation interme-
diaries, as discussed in recent reviews of the Catapult
network.™

Collaboration happens across different activities;
although these organisations were set up mostly to provide
technology support (TRLs 4-6, e.g., providing pilot lines
and test beds for technology demonstration), there is evi-
dence of other activities emerging, which are increasingly
key for the capability building process. Insights from inter-
views conducted with all stakeholders, as well as new fund-
ing allocated for new strands of activities, confirmed this
trend. For example, in the US workforce is a pillar of
M-USA;" at MxD, where interviews were conducted,
examples include services that are part of the MxD
Learn portfolio and training centres, as well as services
such as hiring guides and digital manufacturing taxo-
nomies available for companies; one of the most important
workforce projects is the recently funded CAPITAL pro-
gramme (US$6.2 million).’® In the UK, the HVMC has
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adopted a skills value chain approach linking workforce
development to technology adoption; while skills activities
are not a core activity in the Catapults’ funding scheme,
the UK government signalled interest in funding work-
force initiatives through the Catapults.'”

For what concerns regional mandates, M-USA were
set up with a regional emphasis, but it was not operationa-
lised since the beginning; Catapults were created just after
the abolishment of regional development agencies, so
despite not having a formal regional mandate, there
seems to be some legacy with some centres that pre-existed
the Catapult formation. MEPs have a strong regional
mandate; there is one in each US state and Puerto Rico.
There is a regional approach also in the Made Smarter
Adoption programme, which started in the Northwest
region and has been expanding. Our interviews also shed
light on the different types of regional mandates; for
example, in the US, the regional mandate of RTOs (M-
USA institutes) is a strategic one, where they play their
technology transition role, ensuring that value capture
materialises regionally. Differently, the regional mandate
of MEPs responds to the need to ensure that new knowl-
edge diffuses quickly into regional supply chains.

Relatedly, evidence of RTOs’ activities at the regional
level is mixed. In both countries there has been increasing
attention to regional policies; the Levelling Up Agenda
(HMG, 2022), the Strength in Places Fund supporting
local public—private consortia to develop local R&D
capacity (initial budget of £316 million over five years),
the Innovation Accelerators supporting city region-led
public—private partnership (PPP) cluster development
(£100 million in three pilot initiatives) and Innovate UK
Launchpads providing regional innovation support and
funding for SMEs (£15 million investment in two pilot
initiatives), are examples of this effort. In the US, there
are around 19 place-based industrial policy programmes
for a total amount of US$77.4 billion across the recent
Infrastructure Investment and Jobs Act, the American
Rescue Plan, and the Chips and Science Act; this
regional-focused investment is complemented by the
Tech Hubs programme, which brings attention to cross-
sector institutional consortia and regional large-scale
transformation. There are some differences between the
US and UK experiences. In the US, the M-USAs were
originally set up with a regional mandate,'® which did
not materialise until recently into a strong regional activity.
Bonvillian argues that the regional mandate became more
challenging given the dual national and regional objectives
of M-USAs, with, on the one hand, industry and univer-
sities that are and remain anchored in regions, and on the
other hand, technologies that need to be national (Bonvil-
lian, 2017). Existing research on the effect of M-USA
institutes on regions is not optimistic, and points to an
increase in regional disparities as a result of their activities,
caused by a problematic de-linking between production
and technology, where technology policy is unevenly
linked to production policy in favour of large incumbent
firms (Clark & Doussard, 2019). In the UK, the Catapults
were not intended explicitly for regional development;

REGIONAL STUDIES

they were established in places with already existing capa-
bilities and high absorptive capacity. However, there is
increasing emphasis on the role they could play for the
government’s ‘levelling up’ agenda, given the coordinating
role they already play in their ecosys'cems.19 For example,
Catapults are a common actor in the formation of inno-
vation consortia at the regional level;** similarly, in the
US, they are a common actor in the formation of Tech
Hub consortia.*! This initial involvement in regional pro-
grammes is a sign of the key role that RT'Os play, which is
recognised by big firms, SMEs and universities. The spon-
taneous and not coordinated bottom-up emergence of
these cases signals the lack of a clear policy direction for
these RTOs to engage more directly at the regional level.

Policy support to tie RTOs to regional economies is
key to their survival (Bonvillian, 2017). Since RTOs
develop a strong role as knowledge repositories of actors
and technologies over time, both in terms of technological
and actors’ knowledge, they have an important coordinat-
ing role to play. The initial insights from the UK and US
RTOs highlight their dynamism; while RTOs might not
have been well placed for a regional mandate as soon as
they are set up, their role, as well as their relations with
other actors, have been changing over time.

5. IMPLICATIONS FOR REGIONAL POLICY
AND CONCLUSIONS

This paper proposes a capability-based theory for RTOs,
which are actors that have increasingly become ‘accumula-
tors of capabilities” across different phases of the knowl-
edge-generation process. In this theory-building process,
we refer to Marshall and his neglected work on the three
classes of laboratories (Marshall, 1919), which we would
today call innovation (or knowledge transfer) intermedi-
aries. We start from his work to bridge two pieces of litera-
ture; specifically, by responding to a recent call from RIS
to move from the firm-centric view to a more comprehen-
sive study of different regional organisations and insti-
tutions, we provide an analysis of a specific type of actor,
which are RTOs. We indicate how RTOs are key to
responding to an increased number of challenges related
to the nature of knowledge creation in a time of rapid tech-
nological change and to fill the gaps in the numerous
activities that are required for firms to succeed in the use
of innovation technologies.

In doing that, our paper points to the varieties of
knowledge in the innovation process and the increased
need to understand why certain parts of the innovation
process do not materialise in certain regions. A lack of
infrastructures that include applied R&D, demonstration
facilities, workforce development activities, and increasing
collaboration between actors is likely to favour the full
development of innovations and attract high-value-adding
competitive firms. The recent emergence of policies that
address regional capabilities gaps across the varieties of
knowledge represents a step in the right direction, despite
often suffering a lack of coordination, as our example from
the US and the UK indicates. There still is a wide



Towards a Marshall-based theory of research and technology organisations 11

dispersion of activities between different actors, which
impedes a virtuous value-capture process across regions
(Bailey et al., 2020). This paper complements and further
extends some of the implications from the RTOs’ study by
Anzolin and O’Sullivan (2025); the latter paper provides
evidence on the different types of activities resulting
from changes in the technology and innovation space,
where such activities are emerging mostly as a result of
bottom-up ‘experimental’ efforts between different organ-
isations to fill gaps. With this paper, we provide a concep-
tual and analytical framework; the Marshall lens favours a
more comprehensive evaluation of why (and how) RTOs
should be funded with public resources, by shedding
light on the emerging gaps across and within activity
domains that were not even part of RTOs’ role in the
recent past. This framework intends to help policymakers
to systematise and strategise around the varieties of knowl-
edge, the actors and activities required to unlock bottle-
necks for knowledge generation. The processes related to
it have become more complex and somehow more opaque
due to the fast-changing features of both technologies and
industrial structures; digital production technologies are
continuously raising the bar of adoption, adaptation and
diffusion (Ciarli et al., 2021; Martinelli et al., 2021),
while the economic structure in mature economies has
been deteriorating losing high value adding segments of
global value chains that have been captured elsewhere.
As a result of this, many places in mature economies
experienced deindustrialisation and increasing inequality
since their innovation ecosystems lost stickiness (Marku-
sen, 1996).

Our study suggests three main implications for
regional policy. First, regional actors need closer inter-
action with RTOs, given their ability to enhance key capa-
bilities within industrial value chain clusters and
strengthen linkages between stages and actors in response
to evolving opportunities. RTOs act as a de facto anchor
for the regional ecosystem, pooling knowledge and
resources (Ng et al., 2023). Second, RTOs provide valu-
able intelligence for regional industrial policy. Their
engagement across value chains, including with inter-
national and local firms and suppliers, offers evidence on
the capabilities, opportunities and emerging industrial
trends. Positioned across the triple helix of government,
research, and business, they can inform, guide, and comp-
lement investments, particularly in lagging regions where
absorption capacity is limited (Etzkowitz, 2002; Kitagawa
et al., 2025; Morgan, 2017). Third, RTOs could contrib-
ute to the regional innovation policy paradox, providing
the network, the infrastructure and the organisational
and technological capabilities to ensure that higher spend-
ing in lagging regions is matched by programmes and
resources to increase their absorption capacity (Oughton
etal., 2002). The balance between technological and social
goals should be a priority in regional policymaking, also
considering the evolution of RTOs towards more colla-
borative and with a stronger focus on value capture.

Our paper intends to contribute to a new field of
research on the role that innovation intermediaries play

in fostering regions’ diversification patterns. Future studies
might collect empirical evidence to substantiate the evi-
dence on innovation intermediaries’ functioning in the
regional ecosystem, specifically focusing on the multiple
roles and activities of different organisations across
regional ecosystems. While we exemplify our study by
referring to insights on RTOs and regional policy in the
UK and the US, evidence from other countries where
RTOs have a stronger regional mandate and coordination
could provide further support to our theory.

DISCLOSURE STATEMENT

No potential conflict of interest was reported by the
authors.

ETHICS STATEMENT

Good scientific practices were followed in this study. The
empirical material was collected thanks to voluntary par-
ticipations and permission to use the material for academic
publications. Interviewees were all anonymised and pre-
viously informed about the content and purpose of this
study.

FUNDING

This research was supported by the Gatsby Foundation
[grant number GAT3816].

NOTES

1. Unless stated otherwise, ‘capabilities’ here refers to
dynamic capabilities (Labory & Bianchi, 2021; Teece,
2017).

2. The title of the subsection recalls the beginning of
Book IV of The Principles of Economics where Marshall dis-
cusses the important intersection between knowledge and
organisation, ‘organisation aids knowledge’ (Marshall,
1920, IV, 1, 1). Section 2.1 refers then to the multiple
types of organisations that support knowledge analysed
in Industry and Trade (Book I).

3. ‘Asingle giant business which is pioneering new devel-
opments of a subtle industry may reasonably set up a great
laboratory for the conception and testing of improvements
on current usage’ (Marshall, 1919, 1, V, 4).

4. The phase of the innovation process where there is not
enough private funding to scale up innovations that stem
from the basic research process.

5. TRLs are a common measure to assess the level of
maturity of a technology. Broadly, TRLs 1-3 indicate
basic research and technology concept development;
TRLs 4-6 indicate technology development and demon-
stration phases; and TRLs 7-9 indicate system develop-
ment and proof in operational environment.

6. Here we refer to technical and organisational capabili-
ties (conventional type of capabilities) that have been
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developed over time because of RTOs” dynamic capabili-
ties to sense opportunities and transforming resources.

7. In such policies, government at different levels has
attempted to lead low-visibility networks of suppliers, sub-
contractors’ middlemen, venture capitalists, etc. aiming at
scaling up and product commercialisation and at obtaining
technological frontier products and services.

8. Figure 2 extends Anzolin and O’Sullivan (2025, fig.
1) and originally introduces the varieties of knowledge
building on Marshall, and it unpacks activities along the
innovation process, building on the recent work of Anzo-
lin and O’Sullivan. The latter hypothesised the varieties of
activities, which we conceptually linked to the varieties of
knowledge in this paper.

9. For example, see US RAMI Act (2015), SEC34.

10. For example, the Fraunhofer society was founded in
Germany in 1949, and the Kosetsushi centres date back
to the 19th century with an initial action in the agriculture,
textile and brewery sectors.

11. See https://publica-rest.fraunhofer.de/server/api/core/
bitstreams/3d843c¢92-06d6-431e-81a7-11cc355a26¢e/
content.

12. Semi-structured interviews were conducted with
both UK and US stakeholders between 2022 and 2024;
see Appendix A in the supplemental data online for a
methodological note.

13. In the early 2010s, the UK government abolished the
Manufacturing Advisory Services (similar to MEPs in the
US), leaving a de facto void in the downstream part of the
knowledge-generation process. The smaller, regional-focused
programme Made Smarter Adoption was created in 2019.
14. See https://assets.publishing.service.gov.uk/media/
60652729d3bf7f0c8d06b811/catapult-network-review-
april-2021.pdf.

15.  See https://www.manufacturingusa.com/key-initiatives/
manufacturing-workforce-development?utm_source=
chatgpt.com.

16. See  https://www.mxdusa.org/2023/04/25/mxd-
announces-6-2-million-in-funding-for-workforce-
development-training/?utm_source=chatgpt.com.

17. Ibid.; https://assets.publishing.service.gov.uk/media/
60652729d3bf7t0c8d06b811/catapult-network-review-
april-2021.pdf. Recently the Department for Education
funded the Emerging Skills Programme to be delivered
with the HVMC.

18. See https://sgp.fas.org/crs/misc/R46703.pdf.

19. See https://committees.parliament.uk/publications/
4578/documents/46310/default/.

20. See https://catapult.org.uk/wp-content/uploads/
2023/03/Catapult-Network-2023-Growth-and-
Prosperity-Stories-FINAL.pdf.

21. See https://www.eda.gov/sites/default/files/2023-12/
Tech_Hubs_Consortia_Members.pdf.

ORCID

Guendalina Anzolin
3644
Eoin O’Sullivan

http://orcid.org/0000-0002-8350-
http://orcid.org/0000-0003-3582-7940

REGIONAL STUDIES

REFERENCES

Albors-Garrigos, J., Zabaleta, N., & Ganzarain, J. (2010). New
R&D management paradigms: Rethinking research and tech-
nology organizations strategies in regions. R&D Management,
40(5), 435-454. https://doi.org/10.1111/7.1467-9310.2010.
00611.x

Amin, A., & Wilkinson, F., 1999. Learning, proximity and indus-
trial performance: an introduction. Cambridge Journal of
Economics, 2, 121-125.

Andreoni, A., Chang, H.-J., & Labrunie, M. (2021). Natura non
facit saltus: Challenges and opportunities for digital industrialis-
ation across developing countries. The European Journal of
Development  Research, 33(2), 330-370. https://doi.org/10.
1057/541287-020-00355-z

Anzolin, G., & O’Sullivan, E. (2025). Innovation intermediaries in
the digital transformation process. A comparative case study of
research and technology organisations in the US and the UK.
Technovation, 142,  103200.  https://doi.org/10.1016/].
technovation.2025.103200

Arnold, E., Clark, J., & Javorka, Z. (2010). Impacts of European
RTOs. A study of social and economic impacts of research and tech-
nology organisations. A report to EARTO. Technopolis Group.

Arnold, E., Farla, K., Kolarz, P., & Potau, X. (2014). The case for
public support of innovation: At the sector, technology and challenge
area levels. Department for Business, Innovations and Skills.

Arora, A., Belenzon, S., & Patacconi, A. (2018). The decline of
science in corporate R&D. Strategic Management Journal,
39(1), 3-32. https://doi.org/10.1002/smj.2693

Asheim, B. T, Grillitsch, M., & Trippl, M. (2016). Regional inno-
vation systems: Past—present—future. In Handbook on the geogra-
phies of innovation (pp. 45-62).

Audretsch, D. B. (2018). Entrepreneurship, economic growth, and
geography. Oxford Review of Economic Policy, 34(4), 637-651.
https://doi.org/10.1093/oxrep/gry011

Bailey, D., Bellandi, M., Caloffi, A., & De Propris, L. (2010). Place-
renewing leadership: Trajectories of change for mature manufac-
turing regions in Europe. Policy Studies, 31(4), 457-474. https://
doi.org/10.1080/01442871003723408

Bailey, D., Clark, J., Colombelli, A., Corradini, C., De Propris, L.,
Derudder, B., Fratesi, U. et al. (2020). Regions in a time of pan-
demic. Regional Studies, 54(9), 1163-1174.

Bailey, D., & De Ruyter, A. (2012). Globalisation as a driver of
employment precariousness? The labour market status of UK
auto workers four years after plant closure. Work Organisation,
Labour and Globalisation, 6(2), 153-167.

Bailey, D., Glasmeier, A., & Tomlinson, P. R. (2019). Industrial
policy back on the agenda: Putting industrial policy in its
place? Cambridge Journal of Regions, Economy and Society,
12(3), 319-326. https://doi.org/10.1093/cjres/rsz018

Bailey, D., Hildreth, P., & De Propris, L. (2015). Mind the gap!
What might a place-based industrial and regional policy look
like. In Bailey, D., Cowling, K., & Tomlinson, P. (Eds.), New
perspectives on industrial policy for a modern Britain (pp. 287—
308).

Bailey, D., Pitelis, C., & Tomlinson, P. R. (2018). A place-based
developmental regional industrial strategy for sustainable capture
of co-created value. Cambridge Journal of Economics, 42(6), 1521
1542. https://doi.org/10.1093/cje/bey019

Bailey, D., Pitelis, C. N., & Tomlinson, P. R. (2023). Place-based
industrial and regional strategy — Levelling the playing field.
Regional  Studies, 57(6), 977-983. https://doi.org/10.1080/
00343404.2023.2168260

Becattini, G., Bellandi, M., & De Propris, L. (2009). 4 handbook of
industrial districts. Edward Elgar.

Bellandi, M., De Propris, L., & Torre, A. (2025). From Marshall’s

external economies to external economies of transformation in


https://publica-rest.fraunhofer.de/server/api/core/bitstreams/3d843c92-06d6-431e-81a7-11cc355a26ce/content
https://publica-rest.fraunhofer.de/server/api/core/bitstreams/3d843c92-06d6-431e-81a7-11cc355a26ce/content
https://publica-rest.fraunhofer.de/server/api/core/bitstreams/3d843c92-06d6-431e-81a7-11cc355a26ce/content
https://assets.publishing.service.gov.uk/media/6065a7a9d3bf7f0c8d06b811/catapult-network-review-april-2021.pdf
https://assets.publishing.service.gov.uk/media/6065a7a9d3bf7f0c8d06b811/catapult-network-review-april-2021.pdf
https://assets.publishing.service.gov.uk/media/6065a7a9d3bf7f0c8d06b811/catapult-network-review-april-2021.pdf
https://www.manufacturingusa.com/key-initiatives/manufacturing-workforce-development?utm_source=chatgpt.com
https://www.manufacturingusa.com/key-initiatives/manufacturing-workforce-development?utm_source=chatgpt.com
https://www.manufacturingusa.com/key-initiatives/manufacturing-workforce-development?utm_source=chatgpt.com
https://www.mxdusa.org/2023/04/25/mxd-announces-6-2-million-in-funding-for-workforce-development-training/?utm_source=chatgpt.com
https://www.mxdusa.org/2023/04/25/mxd-announces-6-2-million-in-funding-for-workforce-development-training/?utm_source=chatgpt.com
https://www.mxdusa.org/2023/04/25/mxd-announces-6-2-million-in-funding-for-workforce-development-training/?utm_source=chatgpt.com
https://assets.publishing.service.gov.uk/media/6065a7a9d3bf7f0c8d06b811/catapult-network-review-april-2021.pdf
https://assets.publishing.service.gov.uk/media/6065a7a9d3bf7f0c8d06b811/catapult-network-review-april-2021.pdf
https://assets.publishing.service.gov.uk/media/6065a7a9d3bf7f0c8d06b811/catapult-network-review-april-2021.pdf
https://sgp.fas.org/crs/misc/R46703.pdf
https://committees.parliament.uk/publications/4578/documents/46310/default/
https://committees.parliament.uk/publications/4578/documents/46310/default/
https://catapult.org.uk/wp-content/uploads/2023/03/Catapult-Network-2023-Growth-and-Prosperity-Stories-FINAL.pdf
https://catapult.org.uk/wp-content/uploads/2023/03/Catapult-Network-2023-Growth-and-Prosperity-Stories-FINAL.pdf
https://catapult.org.uk/wp-content/uploads/2023/03/Catapult-Network-2023-Growth-and-Prosperity-Stories-FINAL.pdf
https://www.eda.gov/sites/default/files/2023-12/Tech_Hubs_Consortia_Members.pdf
https://www.eda.gov/sites/default/files/2023-12/Tech_Hubs_Consortia_Members.pdf
http://orcid.org/0000-0002-8350-3644
http://orcid.org/0000-0002-8350-3644
http://orcid.org/0000-0003-3582-7940
https://doi.org/10.1111/j.1467-9310.2010.00611.x
https://doi.org/10.1111/j.1467-9310.2010.00611.x
https://doi.org/10.1057/s41287-020-00355-z
https://doi.org/10.1057/s41287-020-00355-z
https://doi.org/10.1016/j.technovation.2025.103200
https://doi.org/10.1016/j.technovation.2025.103200
https://doi.org/10.1002/smj.2693
https://doi.org/10.1093/oxrep/gry011
https://doi.org/10.1080/01442871003723408
https://doi.org/10.1080/01442871003723408
https://doi.org/10.1093/cjres/rsz018
https://doi.org/10.1093/cje/bey019
https://doi.org/10.1080/00343404.2023.2168260
https://doi.org/10.1080/00343404.2023.2168260

Towards a Marshall-based theory of research and technology organisations 13

contemporary industrial spaces. Camébridge Journal of Economics,
49(3), 559-579. https://doi.org/10.1093/cje/beaf011

Benneworth, P., Pinheiro, R., & Karlsen, J. (2017). Strategic agency
and institutional change: Investigating the role of universities in
regional innovation systems (RISs). Regional Studies, 51(2), 235
248. https://doi.org/10.1080/00343404.2016.1215599

Bianchi, P., & Bellini, N. (1991). Public policies for local networks
of innovators. Research Policy, 20(5), 487-497.

Bonvillian, W. B. (2017). The rise of advanced manufacturing insti-
tutes in the United States. The Next Production Revolution:
Implications for Governments and Business, 55.

Boschma, R. A., & Frenken, K. (2006). Applications of evolutionary
economic  geography. Danish Research Unit for Industrial
Dynamics.

Boschma, R., & Capone, G. (2015). Institutions and diversification:
Related versus unrelated diversification in a varieties of capital-
ism framework. Research Policy, 44(10), 1902-1914. https://
doi.org/10.1016/j.respol.2015.06.013

Boschma, R., Coenen, L., Frenken, K., & Truffer, B. (2018).
Towards a theory of regional diversification: Combining insights
from evolutionary economic geography and transition studies. In
Transitions in regional economic development (pp. 55-81).
Routledge.

Boschma, R., & Frenken, K. (2011). The emerging empirics of evol-
utionary economic geography. Journal of Economic Geography,
11(2), 295-307. https://doi.org/10.1093/jeg/Ibq053

Brusco, S. (1982). The Emilian model: Productive decentralisation
and social integration. Cambridge Journal of Economics, 6(2),
167-184.

Brusco, S. (1986). Small firms and industrial districts: The experi-
ence of Italy. In D. Keeble & E. Wever (Eds.), New firms and
regional development in Europe (pp. 184-202). Croom Helm.

Buonanno, G., Faverio, P., Pigni, F., Ravarini, A., Sciuto, D., &
Tagliavini, M. (2005). Factors affecting ERP system adoption:
A comparative analysis between SMEs and large companies.
Journal of Enterprise Information Management, 18(4), 384—426.
https://doi.org/10.1108/17410390510609572

Cainelli, G., Evangelista, R., & Savona, M. (2004). The impact of
innovation on economic performance in services. The Service
Industries Journal, 24(1), 116-130. https://doi.org/10.1080/
02642060412331301162

Castellacci, F. (2008). Innovation and the competitiveness of indus-
tries: Comparing the mainstream and the evolutionary
approaches. Technological Forecasting and Social Change, 75(7),
984-1006.

Chataway, J., Dobson, C., Daniels, C., Byrne, R., Hanlin, R., &
Tigabu, A. (2019). Science granting councils in sub-Saharan
Africa: Trends and tensions. Science and Public Policy, 46(4),
620-631. https://doi.org/10.1093/scipol/scz007

Ciarli, T\, Kenney, M., Massini, S., & Piscitello, L. (2021). Digital
technologies, innovation, and skills: Emerging trajectories and
challenges. Research Policy, 50(7), 104289.

Clark, J. (2014). Manufacturing by design: The rise of regional inter-
mediaries and the re-emergence of collective action. Cambridge
Journal of Regions, Economy and Society, 7(3), 433-448. https://
doi.org/10.1093/cjres/rsu017

Clark, J., & Doussard, M. (2019). Devolution, disinvestment and
uneven development: US industrial policy and evolution of the
national network for manufacturing innovation. Cambridge
Journal of Regions, Economy and Society, 12(2), 251-270.

Congressional Research Service (CRS). (2019). The Manufacturing
Extension Partnership Program (R44308). CRS. https://www.
congress.gov/crs-product/R44308

Conl¢é, M., Zhao, W., & ten Brink, T. (2021). Technology transfer
models for knowledge-based regional development: New R&D
institutes in Guangdong, China. Science and Public Policy,
48(1), 132-144. https://doi.org/10.1093/scipol/scaa063

De Silva, M., Howells, J., & Meyer, M. (2018). Innovation interme-
diaries and collaboration: Knowledge — Based practices and
internal value creation. Research Policy, 47(1), 70-87. https://
doi.org/10.1016/j.respol.2017.09.011

Dei Ottati, G. (2018). Marshallian industrial districts in Italy: The
end of a model or adaptation to the global economy?
Cambridge Journal of Economics, 42(2), 259-284. https://doi.
org/10.1093/cje/bex066

Department for Business, Energy & Industrial Strategy (BEIS).
(2021). UK innovation strategy — Leading the future by creating
it. BEIS.

Dosi, G. (2009). The contribution of economic theory to the under-
standing of a knowledge-based economy. In The economic impact
of knowledge (pp. 123-129). Routledge.

Ellwood, P., Williams, C., & Egan, J. (2022). Crossing the valley of
death: Five underlying innovation processes. Technovation, 109,
102162. https://doi.org/10.1016/j.technovation.2020.102162

Etzkowitz, H. (2002). Networks of innovation: Science, technology
and development in the triple helix era. International Journal of
Technology Management & Sustainable Development, 1(1), 7-
20. https://doi.org/10.1386/ijtm.1.1.7

Foray, D. (2014). Smart specialisation: Opportunities and challenges for
regional innovation policy. Routledge.

Garud, R., Hardy, C., & Maguire, S. (2013). Institutional entrepre-
neurship. In E. G. Carayannis (Ed.), Encyclopedia of creativity,
invention, innovation and enlrepreneursbi],‘). Springer.

Garud, R., & Karnge, P. (2003). Bricolage versus breakthrough:
Distributed and embedded agency in technology entrepreneur-
ship. Research Policy, 32(2), 277-300. https://doi.org/10.1016/
S0048-7333(02)00100-2

Garud, R., Hardy, C., & Maguire, S. (2013). Institutional entrepre-
neurship. In Carayannis, E. G. (Ed.), Encyclopedia of creativity,
invention, innovation and entrepreneurship. Springer.

Hikanson, L., Caessens, P., & MacAulay, S. (2011).
Innovationxchange: A case study in innovation intermediation.
Innovation, 13(2), 261-274. https://doi.org/10.5172/impp.
2011.13.2.261

Haldane, A. (2017). Productivity puzzles. Speech given at the
London School of Economics.

Hanlin, R., Tigabu, A., Dobson, C., Daniels, C., & Chataway, J.
(2018). Science granting councils as boundary organisations.
Evidence from a Political Economy Study of Five Countries in
sub-Saharan Africa. Conference Paper presented at GlobeLics
2018, Ghana, 24-26 October 2018.

Hassink, R., Isaksen, A., & Trippl, M. (2019). Towards a compre-
hensive understanding of new regional industrial path develop-
ment. Regional Studies, 53(11), 1636-1645.

Hassink, R., Klaerding, C., & Marques, P. (2014). Advancing evol-
utionary economic geography by engaged pluralism. Regional
Studies, 48(7), 1295-1307. https://doi.org/10.1080/00343404.
2014.889815

Hervés-Oliver, J. L., & Albors-Garrigés, J. (2007). Do clusters capa-
bilities matter? An empirical application of the resource-based
view in clusters. Entrepreneurship & Regional Development,
19(2), 113-136. https://doi.org/10.1080/08985620601137554

Hervas-Oliver, J.-L., Gonzalez-Alcaide, G., Rojas-Alvarado, R., &
Monto-Mompo, S. (2021). Emerging regional innovation
policies for industry 4.0: Analyzing the digital innovation hub
program in European regions. Competitiveness Review: An
International Business Journal, 31(1), 106-129. https://doi.org/
10.1108/CR-12-2019-0159

HMG. (2022). Levelling up the United Kingdom. https://assets.publi
shing.service.gov.uk/media/61fd3ca28fa8f5388e9781c6/Levelling
up_the_UK_white_paper.pdf

Howells, J. (1999). Research and technology outsourcing and inno-
vation systems: An exploratory analysis. Industry and Innovation,

6(1), 111-129. https://doi.org/10.1080/13662719900000007

REGIONAL STUDIES


https://doi.org/10.1093/cje/beaf011
https://doi.org/10.1080/00343404.2016.1215599
https://doi.org/10.1016/j.respol.2015.06.013
https://doi.org/10.1016/j.respol.2015.06.013
https://doi.org/10.1093/jeg/lbq053
https://doi.org/10.1108/17410390510609572
https://doi.org/10.1080/02642060412331301162
https://doi.org/10.1080/02642060412331301162
https://doi.org/10.1093/scipol/scz007
https://doi.org/10.1093/cjres/rsu017
https://doi.org/10.1093/cjres/rsu017
https://www.congress.gov/crs-product/R44308
https://www.congress.gov/crs-product/R44308
https://doi.org/10.1093/scipol/scaa063
https://doi.org/10.1016/j.respol.2017.09.011
https://doi.org/10.1016/j.respol.2017.09.011
https://doi.org/10.1093/cje/bex066
https://doi.org/10.1093/cje/bex066
https://doi.org/10.1016/j.technovation.2020.102162
https://doi.org/10.1386/ijtm.1.1.7
https://doi.org/10.1016/S0048-7333(02)00100-2
https://doi.org/10.1016/S0048-7333(02)00100-2
https://doi.org/10.5172/impp.2011.13.2.261
https://doi.org/10.5172/impp.2011.13.2.261
https://doi.org/10.1080/00343404.2014.889815
https://doi.org/10.1080/00343404.2014.889815
https://doi.org/10.1080/08985620601137554
https://doi.org/10.1108/CR-12-2019-0159
https://doi.org/10.1108/CR-12-2019-0159
https://assets.publishing.service.gov.uk/media/61fd3ca28fa8f5388e9781c6/Levelling_up_the_UK_white_paper.pdf
https://assets.publishing.service.gov.uk/media/61fd3ca28fa8f5388e9781c6/Levelling_up_the_UK_white_paper.pdf
https://assets.publishing.service.gov.uk/media/61fd3ca28fa8f5388e9781c6/Levelling_up_the_UK_white_paper.pdf
https://doi.org/10.1080/13662719900000007

14 Guendalina Anzolin and Eoin O’Sullivan

Tammarino, S. (2005). An evolutionary integrated view of regional
systems of innovation: Concepts, measures and historical per-
spectives. European Planning Studies, 13(4), 497-519. https://
doi.org/10.1080/09654310500107084

Isaksen, A., & Trippl, M. (2016). Path development in different
regional innovation systems: A conceptual analysis. In
Innovation drivers and regional innovation strategies (pp. 66—
84). Routledge.

Kauffeld-Monz, M., & Fritsch, M. (2013). Who are the knowledge
brokers in regional systems of innovation? A multi-actor net-
work analysis. Regional Studies, 47(5), 669—685. https://doi.
0rg/10.1080/00343401003713365

Keeble, D., & Wilkinson, F. (1999). Collective learning and knowl-
edge development in the evolution of regional clusters of high
technology SMEs in Europe. Regional Studies, 33(4), 295-303.
https://doi.org/10.1080/00343409950081167

Kitagawa, F., Billing, C., & Collinson, S. (2025). Innovation inter-
mediaries: Navigating innovation-policy interactions into inno-
vation practice. In S. Abdul-Rahman, L. Tuckerman, J. Nelles
& T. Vorley (Eds.), Innovations in innovation policy (pp. 134—
149). Edward Elgar.

Klerkx, L., & Leeuwis, C. (2008). Balancing multiple interests:
Embedding innovation intermediation in the agricultural
knowledge infrastructure. Technovation, 28(6), 364-378.
https://doi.org/10.1016/j.technovation.2007.05.005

Labory, S., & Bianchi, P. (2021). Regional industrial policy in times
of big disruption: Building dynamic capabilities in regions.
Regional Studies, 55(10-11), 1829-1838. https://doi.org/10.
1080/00343404.2021.1928043

Larrue, P., & Strauka, O. (2022). The contribution of RTOs to socio-
economic recovery, resilience and transitions. https://www.oecd.
org/content/dam/oecd/en/publications/reports/2022/05/the-
contribution-of-rtos-to-socio-economic-recovery-resilience-
and-transitions_d27dd621/ae93dc1d-en.pdf

Leitner, K. H. (2005). Managing and reporting intangible assets in
research technology organisations. R&D Management, 35(2),
125-136.

Leyshon, A. (2021). Economic geography I: Uneven development,
‘left behind places’ and ‘levelling up’ in a time of crisis. Progress
in Human Geography, 45(6), 1678-1691. https://doi.org/10.
1177/03091325211011684

Locke, R. M. (2018). Remaking the Italian economy. Cornell
University Press.

Lombardi, M. (2003). The evolution of local production systems:
The emergence of the ‘invisible mind’ and the evolutionary
pressures towards more visible ‘minds’. Research Policy, 32(8),
1443-1462. https://doi.org/10.1016/50048-7333(02)00157-9

Markusen, A. (1996). Interaction between regional and industrial
policies: Evidence from four countries. International Regional
Science Review, 19(1-2), 49-77.

Markusen, A. (2017). Sticky places in slippery space: A typology of
industrial districts. In Economy (pp. 177-197). Routledge.

Marshall, A. (1919). Industry and trade, Macmillan.

Marshall, A. (1920). Principles of economics. Palgrave Macmillan UK.

Martin, R., Gardiner, B., Pike, A., Sunley, P., & Tyler, P. (2021).
Levelling up left behind places: The scale and nature of the economic
and policy challenge. Routledge.

Martin, R., & Sunley, P. (2006). Path dependence and regional
economic evolution. Journal of Economic Geography, 6(4), 395—
437. https://doi.org/10.1093/jeg/1bl012

Martinelli, A., Mina, A., & Moggi, M. (2021). The enabling tech-
nologies of Industry 4.0: Examining the seeds of the Fourth
Industrial Revolution. Industrial and Corporate Change, 30(1),
161-188.

Maskell, P. (2001). Towards a knowledge-based theory of the geo-
graphical cluster. Industrial and Corporate Change, 10(4), 921~
943. https://doi.org/10.1093/icc/10.4.921

REGIONAL STUDIES

Metcalfe, J. S. (2002). Knowledge of growth and the growth of
knowledge. Journal of Evolutionary Economics, 12(1-2), 3-15.
https://doi.org/10.1007/s00191-002-0107-y

Metcalfe, S. (2007). Alfred Marshall and the general theory of evol-
utionary economics. History of Economic Ideas, 15(1), 81.

Miller, S. (2022). Bridging the gap: The role of innovation intermedi-
aries in Canada. https://www.mitacs.ca/wp-content/uploads/
2023/11/bridging_the_gap_en.pdf

Morgan, K. (2017). Nurturing novelty: Regional innovation policy in
the age of smart specialisation. Environment and Planning C:
Politics and Space, 35(4), 569-583. https://doi.org/10.1177/
0263774X16645106

Mowery, D., & Rosenberg, N. (1979). The influence of market
demand upon innovation: A critical review of some recent
empirical studies. Research Policy, 8(2), 102-153. https://doi.
0rg/10.1016/0048-7333(79)90019-2

Miller, J. M., Buliga, O., & Voigt, K.-I. (2018). Fortune favors
the prepared: How SMEs approach business
innovations in Industry 4.0. Technological Forecasting and Social
Change, 132, 2-17. https://doi.org/10.1016/j.techfore.2017.12.
019

Muro, M., Maxim, R., Parilla, J., & de Souza Briggs, X. (2022).
Breaking down an $80 billion surge in place-based industrial policy.
https://www.brookings.edu/articles/breaking-down-an-80-
billion-surge-in-place-based-industrial-policy/

Muro, M., Parilla, J., & Ross, M. (2023). What state and local leaders
need to know about the federal governments regional Tech Hubs com-
petition.  https://www.brookings.edu/articles/what-state-and-
local-leaders-need-to-know-about-the-federal-governments-
regional-tech-hubs-competition/

Nelson, R., Sidney, R., & Winter, G. (1985). An evolutionary theory
of economic change. Harvard University Press.

Ng, H. Y., Luo, Y., & Park, H. (2023). The role of intermediaries in
nurturing innovation ecosystems: A case study of Singapore’s
manufacturing sector. Science and Public Policy, 50(3), 382-397.
https://doi.org/10.1093/scipol/scac076

Oughton, C., Landabaso, M., & Morgan, K. (2002). The regional
innovation paradox: Innovation policy and industrial policy.
The Journal of Technology Transfer, 27(1), 97-110. https://doi.
0rg/10.1023/A:1013104805703

Penrose, E. T. (2009). The theory of the growth of the firm. Oxford
University Press.

Pinto, H. (2024). Universities and institutionalization of regional
innovation policy in peripheral regions: Insights from the
smart specialization in Portugal. Regional Science Policy &
Practice, 16(1), 12659. https://doi.org/10.1111/rsp3.12659

Pisano, G. P., & Shih, W. C. (2009). Restoring American competi-
tiveness. Harvard Business Review, 87(7-8), 114-125.

Piore, M. J., & Sabel, C. F. (1984). The second industrial divide:
Possibilities for prosperity. Basic.

Pitelis, C., & Runde, J. (2017). Capabilities, resources, learning and
innovation: A blueprint for a post-classical economics and public
policy. Cambridge Journal of Economics, 41(3), 679—-691.

Raj, A., Dwivedi, G., Sharma, A., Lopes de Sousa Jabbour, A. B., &
Rajak, S. (2020). Barriers to the adoption of industry 4.0 tech-
nologies in the manufacturing sector: An inter-country com-
parative perspective. International Journal of Production
Economics, 224, 107546. https://doi.org/10.1016/}.ijpe.2019.
107546

Richardson, G. B. (1972). The organisation of industry. Economic
Journal, 82, 883—896.

Reveiu, A., Vasilescu, M. D., & Banica, A. (2023). Digital divide
across the European Union and labour market resilience.
Regional Studies, 57(12), 2391-2405. https://doi.org/10.1080/
00343404.2022.2044465

Rothwell, R. (1994). Towards the fifth-generation innovation pro-
cess. International Marketing Review, 11(1), 7-31.

model


https://doi.org/10.1080/09654310500107084
https://doi.org/10.1080/09654310500107084
https://doi.org/10.1080/00343401003713365
https://doi.org/10.1080/00343401003713365
https://doi.org/10.1080/00343409950081167
https://doi.org/10.1016/j.technovation.2007.05.005
https://doi.org/10.1080/00343404.2021.1928043
https://doi.org/10.1080/00343404.2021.1928043
https://www.oecd.org/content/dam/oecd/en/publications/reports/2022/05/the-contribution-of-rtos-to-socio-economic-recovery-resilience-and-transitions_d27dd621/ae93dc1d-en.pdf
https://www.oecd.org/content/dam/oecd/en/publications/reports/2022/05/the-contribution-of-rtos-to-socio-economic-recovery-resilience-and-transitions_d27dd621/ae93dc1d-en.pdf
https://www.oecd.org/content/dam/oecd/en/publications/reports/2022/05/the-contribution-of-rtos-to-socio-economic-recovery-resilience-and-transitions_d27dd621/ae93dc1d-en.pdf
https://www.oecd.org/content/dam/oecd/en/publications/reports/2022/05/the-contribution-of-rtos-to-socio-economic-recovery-resilience-and-transitions_d27dd621/ae93dc1d-en.pdf
https://doi.org/10.1177/03091325211011684
https://doi.org/10.1177/03091325211011684
https://doi.org/10.1016/S0048-7333(02)00157-9
https://doi.org/10.1093/jeg/lbl012
https://doi.org/10.1093/icc/10.4.921
https://doi.org/10.1007/s00191-002-0107-y
https://www.mitacs.ca/wp-content/uploads/2023/11/bridging_the_gap_en.pdf
https://www.mitacs.ca/wp-content/uploads/2023/11/bridging_the_gap_en.pdf
https://doi.org/10.1177/0263774X16645106
https://doi.org/10.1177/0263774X16645106
https://doi.org/10.1016/0048-7333(79)90019-2
https://doi.org/10.1016/0048-7333(79)90019-2
https://doi.org/10.1016/j.techfore.2017.12.019
https://doi.org/10.1016/j.techfore.2017.12.019
https://www.brookings.edu/articles/breaking-down-an-80-billion-surge-in-place-based-industrial-policy/
https://www.brookings.edu/articles/breaking-down-an-80-billion-surge-in-place-based-industrial-policy/
https://www.brookings.edu/articles/what-state-and-local-leaders-need-to-know-about-the-federal-governments-regional-tech-hubs-competition/
https://www.brookings.edu/articles/what-state-and-local-leaders-need-to-know-about-the-federal-governments-regional-tech-hubs-competition/
https://www.brookings.edu/articles/what-state-and-local-leaders-need-to-know-about-the-federal-governments-regional-tech-hubs-competition/
https://doi.org/10.1093/scipol/scac076
https://doi.org/10.1023/A:1013104805703
https://doi.org/10.1023/A:1013104805703
https://doi.org/10.1111/rsp3.12659
https://doi.org/10.1016/j.ijpe.2019.107546
https://doi.org/10.1016/j.ijpe.2019.107546
https://doi.org/10.1080/00343404.2022.2044465
https://doi.org/10.1080/00343404.2022.2044465

Towards a Marshall-based theory of research and technology organisations 15

Schamp, E. W. (2016). Evolutionary economic geography. In
International encyclopedia of geography: People, the earth, environ-
ment and technology: People, the earth, environment and technology
(pp. 1-11). https://onlinelibrary.wiley.com/doi/abs/10.1002/
9781118786352.wbieg0997

Schmitz, H. (1999). Collective efficiency and increasing returns.
Cambridge Journal of Economics, 23(4), 465—483. https://doi.
org/10.1093/cje/23.4.465

Schmitz, H., & Nadvi, K. (1999). Industrial clusters in developing
countries-clustering and industrialization: Introduction. World
Development, 27(9), 1503-1514.  https://doi.org/10.1016/
50305-750X(99)00072-8

Shapira, P., Uyarra, E., Youtie, J., Cox, D., Gok, A., Rogers, J., &
Downing, C. (2015). Institutions for technology diffusion. Inter-
American Development Bank. http://publications.iadb.org/
handle/11319/6994

Sheikheldin, G. H. (2021). Research and technology organizations
as super intermediaries: A conceptual framework for policy and
a case study from Tanzania. Frontiers in Research Metrics and
Analytics, 6, 691247.

Simpson, M. (2022). Strengthening U.S.  manufacturing:
Manufacturing USA and the manufacturing extension partnership.
National Institute of Standards and Technologies (NIST).
https://www.nist.gov/mep/manufacturing-infographics/strength
ening-us-manufacturing-manufacturing-usa-and-manufacturing

Stokes, D. E. (2011). Pasteur’s quadrant: Basic science and technological
innovation. Brookings Institution Press.

Tassey, G. (2004). Underinvestment in public good technologies.
The Journal of Technology Transfer, 30(1-2), 89-113. https://
doi.org/10.1007/510961-004-4360-0

Teece, D. J. (2017). Dynamic capabilities and (digital) platform life-
cycles. In Entreprencurship, innovation, and platforms (Vol. 37,
pp- 211-225). Emerald.

Torre, A. (2008). On the role played by temporary
geographical proximity in knowledge transmission. Regional
Studies, 42(6), 869-889. https://doi.org/10.1080/0034340080
1922814

Trippl, M., Grillitsch, M., & Isaksen, A. (2018). Exogenous sources
of regional industrial change: Attraction and absorption of non-
local knowledge for new path development. Progress in Human
Geography, 42(5), 687-705. https://doi.org/10.1177/030913251
7700982

Uyarra, E. (2010). What is evolutionary about ‘regional systems of
innovation™ Implications for regional policy. Journal of
Ewolutionary Economics, 20(1), 115-137. https://doi.org/10.
1007/500191-009-0135-y

Uyarra, E., Zabala-Iturriagagoitia, J. M., Flanagan, K., & Magro, E.
(2020). Public procurement, innovation and industrial policy:
Rationales, roles, capabilities and implementation. Research
Policy, 49(1), 103844. https://doi.org/10.1016/j.respol.2019.
103844

Vallance, P., BlaZek, J., Edwards, J., & Kvéton, V. (2018). Smart
specialisation in regions with less-developed research and inno-
vation systems: A changing role for universities? Environment
and Planning C: Politics and Space, 36(2), 219-238. https://doi.
org/10.1177/2399654417705137

Van Lente, H., Hekkert, M., Smits, R., & Van Waveren, B. (2003).
Roles of systemic intermediaries in transition processes.
International Journal of Innovation Management, 7(03), 247-
279. https://doi.org/10.1142/51363919603000817

Wade, R. H. (2017). The American paradox: Ideology of free mar-
kets and the hidden practice of directional thrust. Cambridge
Journal of Economics, 41(3), 859-880.

You,].-I., & Wilkinson, F. (1994). Competition and co-operation: Toward
understanding industrial districts. Review of Political Economy, 6(3),
259-278. https://doi.org/10.1080/09538259400000039

REGIONAL STUDIES


https://onlinelibrary.wiley.com/doi/abs/10.1002/9781118786352.wbieg0997
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781118786352.wbieg0997
https://doi.org/10.1093/cje/23.4.465
https://doi.org/10.1093/cje/23.4.465
https://doi.org/10.1016/S0305-750X(99)00072-8
https://doi.org/10.1016/S0305-750X(99)00072-8
http://publications.iadb.org/handle/11319/6994
http://publications.iadb.org/handle/11319/6994
https://www.nist.gov/mep/manufacturing-infographics/strengthening-us-manufacturing-manufacturing-usa-and-manufacturing
https://www.nist.gov/mep/manufacturing-infographics/strengthening-us-manufacturing-manufacturing-usa-and-manufacturing
https://doi.org/10.1007/s10961-004-4360-0
https://doi.org/10.1007/s10961-004-4360-0
https://doi.org/10.1080/00343400801922814
https://doi.org/10.1080/00343400801922814
https://doi.org/10.1177/0309132517700982
https://doi.org/10.1177/0309132517700982
https://doi.org/10.1007/s00191-009-0135-y
https://doi.org/10.1007/s00191-009-0135-y
https://doi.org/10.1016/j.respol.2019.103844
https://doi.org/10.1016/j.respol.2019.103844
https://doi.org/10.1177/2399654417705137
https://doi.org/10.1177/2399654417705137
https://doi.org/10.1142/S1363919603000817
https://doi.org/10.1080/09538259400000039

	Abstract
	1. INTRODUCTION
	2. THEORETICAL BUILDING BLOCKS FOR A PLACE-BASED THEORY OF REGIONAL RTOs
	2.1. ‘Organisation[s] aids knowledge[s]’2
	2.2. Knowledge generation as a cooperative process
	2.3. Knowledge and regions: a system-level agency analysis

	3. THE COORDINATING AND ‘GAP-FILLING’ ROLE OF RTOs
	3.1. Special role of RTOs
	3.2. Regional industrial policy
	3.3. A framework for RTOs’ policy design

	4. TOWARDS A MARSHALLIAN, CAPABILITIES AND REGIONS-BASED THEORY OF RTOs
	4.1. The case for an RTO’s capabilities-based theory
	4.1.1. A public body for applied RD
	4.1.2. A public body beyond applied RD
	4.1.3. A public body to coordinate external economies
	4.1.4. An orchestrator of the regional ecosystem

	4.2. Recent evidence of the debate in the US and the UK

	5. IMPLICATIONS FOR REGIONAL POLICY AND CONCLUSIONS
	DISCLOSURE STATEMENT
	ETHICS STATEMENT
	NOTES
	ORCID
	REFERENCES

