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Structural innovations:
towards a unified perspective?

Jeremy Howells and Jakob Edler

This article argues that the intervention to generate structural innovations and with it the structural
interaction between organisation actors can be understood as attempts to tackle system failures in
innovation systems, mainly as regards networking and actor capabilities. However, these interventions
are challenging, they often rest on simplistic assumptions on interaction and networking needs and
potentially generate dysfunctional systemic effects. These challenges are discussed using illustrations
of structural innovations to improve industry—academic collaborations in the UK and Germany. The
article then concludes with a conceptual and policy discussion of opportunities, challenges and
unintended consequences of deliberate structural innovation and intervention in structural interaction.

HE AIM OF THIS ARTICLE is to explore

the nature and development of structural in-

novations in innovation systems, in particular
around industry—academic collaboration, and how
governance and performance issues affect such
emergent processes. Structural innovations in this
context cover new, innovative forms of institutional,
governance and configurational relationships within
an innovation system. It is argued here that these
structural innovations are important in defining and
re-setting the in-novation landscape and ecosystem
and provide important frameworks for firm growth
and performance. Although the systems of innova-
tion literature has discussed elements of what are de-
fined as structural innovations this has not been done
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in a unified or coherent way. This article seeks to de-
fine and articulate more clearly what we mean as
structural innovations and systematically analyse
them. The article then seeks to explore and ‘test’
these frameworks by exploring such arrangements
more specifically within the context of industry—
academic collaboration.

The article has three main elements. The first is to
review the emerging literature on structural innova-
tions and, within this, to clarify the concept of struc-
tural interaction and how it relates to architectural
and organisational innovation patterns and process-
es. As such, the article will seek to review, define
and analyse structural innovations within an innova-
tion systems context. The second element then in-
vestigates the concept of actors, actor networks and
structural holes as a background to understand struc-
tural innovations and interactions. The third element
is the discussion of governance challenges and per-
formance effects when it comes to policy-induced
structural innovations and deliberate changes in
structural interaction.

These challenges are discussed using illustrations
of structural innovations to improve industry—
academic collaborations in the UK and Germany.
The two countries offer important contrasts both in
terms of where they are located on the ‘liberal
market’ versus ‘coordinated market’ spectrum (Hall
and Soskice, 2001) and as outlined provide con-
trasting policy approaches within the field of higher
education and industry—academic collaboration. The
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article then concludes with a conceptual and policy
discussion of opportunities, challenges and unin-
tended consequences of deliberate structural innova-
tion and intervention in structural interaction.

Structural innovations and
systems of innovation

Context

Although there has been much discussion about
what constitutes an innovation system there are a
number of elements of the system of innovation ap-
proach that have received less attention. One of the-
se is what might be termed as the structure and
configuration of how an innovation system is ‘put
together’ and functions and, more especially within
an evolutionary context, how innovation in these
functional and configurational arrangements occurs
and what they represent (Metcalfe, 1995). At a broad
level this focus may be described as trying to con-
ceptualise and describe the changing dynamics of
the innovation landscape.

However, much of the discussion around the field
of institutional and governance relations within the
context of innovation systems has been in relation to
their role of blocking innovation and change, that is,
why change or innovation within the system did not
occur, rather than around why innovation did occur in
terms of their role in effecting change and new paths
of economic growth. This may in part reflect the
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influence of North’s (1987, 1991, 1992, 1993) work
on institutions which emphasised their role as barriers
to change and providing lock-in and stasis to devel-
opment in economic systems. It also, quite rightly, re-
flects the need to identify the policy justification
reasons for intervening in changing the innovation.

Carlsson and Jacobsson (1997), Smith (1997),
Breschi and Malerba (1997), Johnson and Gregersen
(1994), and Edquist (1997) have all reviewed, in
various ways, issues associated with policy interven-
tion around these issues of system failures. System
failures have been variously categorised (see, for ex-
ample, Carlsson and Jacobsson, 1997, Edquist,
1997; Smith, 1999; Woolthuis et al., 2005) but cover
five main types: infrastructural failures; network
failures; institutional failures; capability and organi-
sational failures; and adjustment failures. Some of
these system failures relate to what might be termed
structural innovation failures associated with sfruc-
tural interaction which we define as the institution-
alised exchange and cooperation of organisational
actors. These structural interaction issues, however,
can in tumn relate to architectural and organisational
innovation patterns and processes — that is, collabo-
rative and network links within an innovation system
for the purpose of generating innovation — as well
as governance and institutional frameworks associ-
ated with such links. These issues will be explored
further, after first seeking to clarify the concept of
structural innovations.

Structural innovations: a definition and framework

Structural innovations have been defined here as
covering new, innovative forms of institutional,
governance and configurational relationships within
an innovation system. More specifically, they relate
to the following main elements:

1. New institutional frameworks These affect inno-
vative activity within a system. This includes, for
example, the formation of new intellectual proper-
ty rights (IPR) regimes and routines or new mech-
anisms and practices associated with knowledge
transfer and exchange. This, in turn, influences
other aspects of structural innovation, such as new
configurational relationships.

2. New governance arrangements These cover wider
inter-institutional frameworks which help shape
institutional arrangements (see 1. above) and de-
termine the capacity of governments and other
bodies to effectively manage its resources and
policies (see Frederickson and Smith, 2003; Unit-
ed Nations Economic and Social Council, 2006)
and are associated with key contractual and other
governance links (Morgan, 2004) and new modes
of governance (Yoshikawa er al,, 2007; Perry,
2007). Kitschelt’s (1991) important work on gov-
emnance structures and how they contribute to, or
hinder, successful patterns of industry develop-
ment is especially relevant here.
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3. New actors or organisational forms This involves
one pre-condition for novel forms of structural in-
teraction through the emergence of new actor (or-
ganisational) types or sets (Luukkonen, 2005;
Howells, 2006) or organisational arrangements,
such as new project-based organisational forms
(Nightingale, 2010) within a system. Thus, actor
structures can be associated with specialisation
and niche development with different types of ac-
tors (firms) focusing on different innovation tasks
within innovation networks or value chains (Geels
and Schot, 2007), whereby changes in actors (and
their functions) and organisational forms imply
changes in their interaction.

4. New configurational relationships These involve
new arrangements and configurations associated
with new networks and open innovation relation-
ships (Powell ef al., 1996). This does not just in-
volve more collaborative links associated with
innovation, but also the way they are organised
and controlled (Pennings and Harianto, 1992).
Studies have shown that how firms organise and
structure their networks can influence perfor-
mance (see, for example, Zaheer and Bell, 2005).
This has turned attention toward the potential of
network patterns to influence the performance of
aggregate groups of firms in some way. Some of
these new relationships have a clear overlap with
new organisational forms and are noted below.

Structural innovations and structural interaction

The concept of structural innovation and interac-tion
involves the creation and formation of new organisa-
tions and their (network) links, and architectural and
organisational innovation patterns and processes.
This has links with both the more micro focus of the
notion of architectural innovations (Henderson and
Clark, 1990) and modularisation and relationships of
components within and between individual innova-
tions and the larger-scale concept of innovation
landscapes which represent the portion of external
task environment of firms and organisations in rela-
tion to innovation processes and factors (see
Markard and Truffer, 2008).

The evolution of innovation systems can be con-
ceptualised as a co-evolution of supply and demand
practice, on the one hand, and structure to support
those practices on the other hand. The generation and
diffusion of innovation is increasingly associated with
architectural and open innovation modes. Functional-
ly speaking, these changing modes co-evolve with
changing functions of existing firms and organisa-
tions or the emergence of new firms and organisations
in the innovation system. This necessitates and ena-
bles new forms of relationships. With changes in in-
novation patterns the external needs of firms change
as well as the opportunity structures for scientific and
intermediary organisations. Structural innovations are
therefore the ensemble of organisational and relation-
al changes and adaptations in a system that evolves
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around new forms or modes of innovation. In turn,
structural interactions help frame those relations be-
tween organisational actors that are essential to enable
the exchange and cooperation functionally demanded
in the new modes of innovations.

Closing gaps:
establishing new actors and links

A key structural feature, that focuses on structur-al
interaction and where novelty and innovation can
occur, relates to two key areas: first, network densi-
ty, configuration and links within an innovation sys-
tem; and, second, to the lack of actors in terms of
quantity or type.

However, the view that better, more and different
types of links and actors is better for an innovation
system and the performance of firms and other or-
ganisations within it individually and collectively is
not as straightforward as it seems. Each of these is-
sues and contrasting views are discussed below.

More links? Networks and structural holes

Most studies of national and regional innovation sys-
tems have assumed that the more links and the dens-
er the network ties between firms and other
organisations the better in terms of both individual
firm and actor performance as well as in terms of the
system overall in such factors as resilience and di-
versity. Thus, intensive cooperation between actors
can be very productive as a source of synergy, com-
plementary knowhow, creative problem-solving and
capacity-sharing (Woolthuis et al., 2005; Contractor
and Lorange, 1988). On a more lo-calised level, this
can be seen in terms of the cluster development and
evolution and the positive performance of firms re-
siding within those clusters (Bapista and Swann,
1998; Bell, 2005). Effective innovation is increas-
ingly the result of close interaction between com-
plementary technologies and actors. When the con-
nectivity among these elements is poor, key cycles
of learning and innovation may be prevented.

However, there has been a countervailing view
about the risks of high-intensity network relations.
These centre on traditional ‘lock-in’ failures and
fears, but again can be seen on two levels: on an ag-
gregate level and more individual terms in relation
to the organisation itself. In relation to aggregate
terms a number of studies have outlined the risk of
network lock-in associated with high levels of func-
tional interdependence (Hakansson and Johanson,
1988; see also Hakansson and Snehota, 2006). Thus,
there can be considerable risks associated with
strong cooperative relationships among an estab-
lished group of actors. This relates to the wider con-
cept of the lack of ‘weak ties” and the danger of
over-embeddedness expounded by Granovetter
(1983; 1985) and linked to the concept of social lia-
bility (Leenders and Gabbay, 1999).
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The ‘strength of weak ties’' is based on the
proposition that relative strangers offer an ad-
vantage over close acquaintances in obtaining use-
ful information and knowledge and this has been
expanded to cover organisations and their network
relationships. Too strongly developed, inward-
looking clusters and networks can mean that they
can become too isolated to wider radical and dis-
ruptive developments that can then threaten their
long-term trajectory (Sunley, 1992). ‘Weak ties’
form important ‘bridges’ to outsiders who are ex-
ternal to the main network or cluster coming from
different sectoral, technological, national or cultural
backgrounds (see Jack, 2005). It is because of their
relative distance from the ‘inner circle’ that such
outlier contacts have not become a part of the main
‘group think’ as described above,

Both Granovetter (1983) and Burt (1992) empha-
sise the importance of these relationships because
these form the weak links to new knowledge and
impulses or span the structural holes (Burt, 1997) of
knowledge that the individual firm lacks (Tsai,
2002). As such, they stress the need for a broad and
diverse portfolio of external linkages with external
parties to keep up to date with new developments
and monitor developments in new knowledge, tech-
nology and skills (Goyal and Vega-Redondo, 2007).
More specifically, Carlsson and Jacobsson (1997)
describe the situation of strong network failure as
one in which individual actors are guided by other
network actors in the wrong direction and conse-
quently fail to supply each other with the required
knowledge. This is caused by a lack of information
exchanges with actors who perform a bridging role,
that is, who tap into new knowledge and question
existing routines. This may potentially block renew-
al from outside.

Successful networks (hot spots) may then well
develop into unsuccessful ones (blind spots) due to
their ignorance of relevant developments outside
(Pouder and St John, 1996), such as the Lancashire
textile industry in the inter-war period (Sunley,
1992). A firm’s ‘network position’ can therefore be
vital for its long-term survival, growth and devel-
opment (Hakansson and Johanson, 1988; Anderson
et al., 1994), influencing, in turn, its wider bargain-
ing position within its task environment (Yuchtman
and Seashore, 1967) and the ultimate success of the
firm.

The effect of network ties and collaborative links,
particularly their pattern or structure, on firm per-
formance (McEvily and Zaheer, 1999; Zaheer and
Bell, 2005; Rowley and Baum, 2008) is important
here. Firms occupying the favoured network position
of ‘bridging’ structural holes (i.e. the gaps between
firms otherwise disconnected in the network) are
likely to perform better because of their superior ac-
cess to information and knowledge (Burt, 1992,
McEvily and Zaheer, 1999; Gulan ef al., 2009). Be-
cause certain types of knowledge are obtained
through firm interaction (Zaheer and Bell, 2005),
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Innovation systems with structural
holes provide significant opportunities
for firms that can bridge these holes,
although a system with such holes may
be considered sub-optimal in terms of
the opportunities it provides
organisations in aggregate

actors who bridge structural holes will be able to de-
velop new combinatorial capabilities and better per-
spectives on the threats and opportunities posed by
the changing task environment of the firm and
the system within which it resides (for example, the
role of innovation intermediaries in this context)
(Howells, 2006).

Innovation systems with structural holes, there-
fore, provide significant opportunities for firms that
can bridge these holes, although a system with such
holes may be considered sub-optimal in terms of the
opportunities it provides firms and organisations in
aggregate. Firms that bridge structural holes may be
expected to benefit from bridging structural holes
independent of the innovation-related benefits of
structure. For example, those firms will be well posi-
tioned to leamn efficiently and quickly about, and de-
velop novel responses to, industry trends. As such,
superior network position within the context of ex-
change relationships (Levine and White, 1961) can
exert a positive influence on firm performance, in-
cluding enhanced efficiency, better access to re-
sources (including information or knowledge), and
better identification of and responses to emerging
threats and opportunities. Because maintaining ties
to many other actors is costly (Burt, 1997; Gnyawali
and Madhavan, 2001), it is important that firms,
while benefiting from such functional links, con-
stantly manage their relations and eliminate redun-
dant ties.

It is in this context that in bridging structural
holes new firms also generate innovation-related
benefits. They are in principle able to access re-
sources from parts of their contact profile that other
firms cannot access (Tsai, 2002). Equally, bridging
positions can provide better listening posts to chang-
es in innovation dynamics or changes in the wider
innovation system, and are better to explore the ex-
perience and trustworthiness of possible partners and
collaborators (Harris et al., 2000; Rowley et al,
2000).

However, Ahuja (2000a,b) tested the extent to
which a firm’s innovative output was influenced by
the structural holes it spanned, and found a negative
relationship. From that study spanning structural
holes actually resulted in poorer innovation

Science and Public Policy March 2011



performance (according to patent generation). Col-
laborative relationships seemed to benefit more from
trust engendered by dense networks rather than in-
formation diversity garnered through structural holes
(Ahuja, 2000Db).

It appears, therefore, that firms that already pos-
sess high levels of innovative capability and are in a
good position to bridge structural holes in their net-
work may be able to access novel, diverse, and
unique information and more successfully recom-
bine, transform, and utilise the information to gener-
ate valuable innovation (Woolthuis er al., 2005).
Tiwana (2008), studying alliances in a major US
services conglomerate, has a more nuanced finding
and combines strong and weak ties, emphasising the
need for bridging ties to provide access to diverse,
structural hole-spanning perspectives and capabili-
ties, but also to possess strong ‘introspective’ ties
required to un-derpin the commercialisation process.

More actors: too many, too few?

Studies on system failures have identified all kinds
of dimensions, but neglect the importance of ade-
quate actors as essential parts of the system. Arnold
(2004), with his focus on actor capabilities and ade-
quacy of public organisations suggests a possible en-
try point to better grasp the importance of actors.
However, we can expand on this and postulate that if
essential organisations are lacking in the system,
system failure occurs on the ‘actor’s side’. It has
been noted that ‘missing actors’ should not neces-
sarily be regarded as systemic failures on the ‘rules’
side’ although the absence of certain actors can
cause systemic failure (Edquist, 1997). For ex-
ample, if regulatory bodies are absent, firms will
miss certain kinds of regulations and this can have
implications for them, say, in safeguarding their IPR
in the innovation process. Other examples of miss-
ing actors might be certain types of innovation in-
termediaries, venture capitalists, insufficient lack of
lead users, specific types of research institutes ori-
ented to knowledge transfer and exchange.

Thus, a frequent and reoccurring issue in the UK
is whether the UK should develop organisations
which are similar to the Fraunhofer institutes in
Germany to support and augment universities’ activ-
ities in knowledge exchange (Hauser, 2010). How-
ever, whether the absence of certain actors leads to
compensation effects among the existing set of ac-
tors, whether the range and diversity of the actor set
affects future actor/organisational evolution (How-
ells, 2010) or the nature of unintended effects from
the emergence of new actors on the networking be-
haviour of incumbents in an innovation system are
unresolved issues.

The final part of this article will discuss the mean-
ing of actor sets, structural innovation and structural
interaction more specifically within the context of
knowledge transfer and exchange, specifically with-
in the industry—academic links.
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Structural interaction and innovation: the
case of knowledge transfer and industry—
academic frameworks

The higher education system offers an interesting
sub-system to examine because it intersects with a
number of key research, knowledge-exchange and
education-system communities (see Mowery and
Sampat, 2005). It is also a sub-system that has un-
dergone a great deal of dynamic change driven by
changing policy rationales and mechanisms. For the
United Kingdom (UK), Halsey (1995: 302) has gone
as far as noting:

British higher education has undergone a more
profound reorientation than any other system in
the industrialised world.,

In this respect, therefore, one might expect that
structural innovations would have been more likely
to emerge in recent years. However, comparing the
UK with Germany allows us to view such innovative
changes within a wider context. The two countries
offer important contrasts both in terms of where they
are located on the ‘liberal market’ (UK) versus ‘co-
ordinated market’ (Germany) spectrum (Hall and
Soskice, 2001: 8-9), but also in the often opposing
directions they take in relation to industrial, innova-
tion and higher education policy (Soskice, 1997).

New institutional frameworks

Incentive structures have been experimented with in
various parts of Europe to encourage engagement
and technology transfer between academia and in-
dustry, although success of these structures and in-
centives have tended to focus on easy-to-measure
outcomes, such as licensing or patenting activity
(Link and Siegel, 2005; Siegel ef al., 2003) and in
fairly standard organisational forms (Bray and Lee,
2000).

The main developments in the UK have been
around creating internal incentive structures to en-
courage university staff to engage and interact with
industry and to facilitate entrepreneurial spin-offs.
They have also been directed toward universities in
the UK seeking to ‘professionalise’ their knowledge
transfer, aiming to improve their routines and prac-
tices around engagement with industry and other key
stakeholders. Examples of these different schemes
have been outlined over recent years (Howells ef al.,
1998; Charles and Conway, 2001) and have been
further refined and developed by universities and
higher education institutions. Many of these devel-
opments have coalesced around the establishment of
technology transfer organisations (TTOs) within
British universities, that have sought to move be-
yond the early industrial liaison offices (ILOs) of the
early 1970s, although some argue that these new
types of TTO actually represent new internal actor
types (see Mina et al., 2009).
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By contrast, Germany has taken a very different
approach by abolishing the law that gave exclusive
right to professors to own their patents and licence
them exclusively,” now ownership passes to the uni-
versities with professors having to notify their uni-
versities (similar to practices that occur in firms).
This has necessitated new bridging institutions, such
as the Patent Exploitation Agency, to help manage
patents and licence them out to industry. Although
Schmoch (2008) expects a growth of patenting with
the Patent Exploitation Agency as a cornerstone of
government policy (over time a specialised licensing
institution might improve licence income) direct
links between professors and industry might dimin-
ish as incentives to patent decrease. Recent statistics
seem to indicate the diminution of links (Polt et al.,
2009: 16), although the long-term outcome of such
changes will take longer to discern. Certainly UK
evidence suggests that royalty income going directly
to the inventor is positively related to the generation
of licensing income and its growth (Lockett and
Wright, 2005).

New governance models

New governance arrangements within the higher ed-
ucation and knowledge transfer realm have tended to
encompass changes in funding regimes, but also
changes in regulation that allow university staff to
engage with knowledge transfer with industry or
hold executive functions with spin-out companies.
Studies that have tried to chart and assess more nov-
el incentive structures or management routines and
practices around knowledge exchange have been
limited up until now. Identifying what works and
what does not work has been centred on the interpre-
tation and learning-by-doing of individual universi-
ties and organisations rather than a more general
inter-organisational sharing of such good-practice
routines.

One obvious central governance instrument in
the UK that influences interaction is the Research
Assessment Exercise (RAE) and its replacement,
the Research Excellence Framework (REF) which
rewards (or punishes) interaction with companies in
terms of impact and esteem of the individual.
While the RAE and REF were intended to reward
excellence and relevance, they can also generate
disincentives to cooperate among academics in
general (due to the competitive nature of the exer-
cise) (Elton, 2000). Moreover, inter-disciplinary
and application-oriented research collaboration may
be discouraged (Nowotny et al., 2003: 183—-184) as
both forms tend to be disadvantaged in the overrid-
ing imperative to publish in high-ranking, disci-
pline-specific journals.

In Germany, the framework conditions for science—
industry relations have traditionally been compara-
tively good, and the scope and scale of ties exception-
al in international comparison (Rammer, 2006). This
1s mainly due to the functionally differentiated public
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research system, a high share of research intensive in-
dustry and export-oriented small and medium-sized
enterprises (SMEs) engaged in contract research
(Grupp et al., 2002; Schmoch, 2008), but it has also
been enabled, and this is crucial in our context,
through the introduction of a specific form of govern-
ance in the early 1980s which set cooperation be-
tween firms and public research as a pre-condition for
receiving R&D subsidies in most federal programmes
(so-called Verbund-forschung; Edler,2000; Schmoch,
2008).

New actors or organisational forms

Within the UK there has been an ongoing debate as
to whether the UK should develop organisations
which are similar to the Fraunhofer institutes in
Germany to support and augment universities’ activ-
ities in knowledge exchange. The Faraday Partner-
ships, introduced in 1997, follow this pattern with
some 24 partnerships being set up and in operation
by 2005 (Hughes, 2007: 85). However, soon after
this they were dissolved or transformed into looser
network structures: knowledge transfer networks
(KTNs). In early 2010 the concept was under further
consideration by the then Labour Government, and a
specific report on this issue recommended the ‘pro-
vision of a business-focused capability that bridges
research and technology commercialisation’ in the
form of technology and innovation centres (Hauser,
2010: 3).?

The issue of whether the UK needs to develop a
new set of publicly supported intermediary innova-
tion actors, performing a range of innovation-related
functions (Howells, 2006) to act as a bridge between
universities and industry, is one that has attracted
discussion among a number of UK academics and
policy-makers. Notably, Mina et al. (2009) note that
although the vast majority of businesses in the UK,
the USA and elsewhere cite themselves, customers
and suppliers as their main sources of knowledge,
hardly any use these alone as a sole source for new
innovative ideas. Indeed, the next most frequent sct
of sources combined with business sector sources
are intermediary organisations and structures (Cosh
and Hughes, 2010).

The German example is a very different one.
Germany has an exceptionally well-established and
functionally differentiated system of extra-university
research organisations, whereby different types of
organisations have different kinds of bridging roles
(Edler and Kuhlmann, 2008; Polt et al., 2009).*
Moreover, in contrast to all other OECD countries,
Germany has neither diminished the relative weight
of funding for extra-university funding, nor created
major new research actors. There has been a stable
growth and adaptation of publicly co-funded re-
search organisations outside the university system.

Situated at the two opposite sides of the spectrum,
both the UK and Germany illustrate the potential de-
ficiencies of bridging research organisations. For the
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UK, there is the notion that existing actors, through
internal intermediary units (such as new forms of
TTOs within universities), negate the need for the
creation and support for these new actor forms. In-
deed, the proposition here is that creating these new
types of intermediary actors, or supporting existing
ones, will slow down or, actually, halt universities
developing new institutional forms and practices to
collaborate and engage better with industry them-
selves. As such, the organisational evolution of a
particular actor type may be hindered by the appear-
ance of new actor forms in the innovation ecology of
the system, as the transfer activity may be perceived
as outsourced and pressures and opportunities for
bridging adaptations within existing actors are per-
ceived as being reduced.

Similarly, in Germany the existence of all kinds
of functionally defined research and bridging organ-
isations had led to the verdict that the system itself is
compartmentalised. The existence of research and
bridging organisations that are functionally differen-
tiated has led to an inadequate capacity to create new
kinds of linkages, especially between those bridging
organisations themselves (Brook et al., 1999). The
establishment of the new Patent Exploitation Agen-
cy, noted above, to manage patents from universities
and licence them out to industry is a further illustra-
tion of this process. While a study for the area of
nanotechnology (Heinze and Kuhlmann, 2008) finds
a persistence of compartmentalisation in this area, an
international comparison of cooperation patterns
more generally has found that in general the extra-
university research organisations show a high level
of cooperation, both between each other and with
industry (Polt et al., 2009: 4-8).

Apparently, the German system with its function-
al differentiation of extra-university research organi-
sations has coped well with the need for more
interaction in general, but struggles with creating the
necessary density of linkages in new and emerging
sciences that draw on a diverse set of disciplines and
need a close interaction of technology appliers and
scientists such as biotechnology (see, for example,
Kaiser and Prange, 2004: 404). Bridging organisa-
tions need to fit the context as set by the scientific or
technology area, as the bridging actor model does
not fit equally well in all areas. In those areas in
which the application of a technology is very close
to, and relying on, the science base, as in nano- or
biotechnology, they may actually hamper functional
linkages.

Newly configured relationships

The emergence of new types of institutional ar-
rangement, new forms of governance structures and
innovation actors will, by their nature, disrupt but al-
so encourage new configurational arrangements
within an innovation system. A key disruptive effect
in the UK system was the move away from the two-
tier system of universities and polytechnics towards
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a single unitary system of universities in the early
1990s. To some extent this made the combined sys-
tems more open in terms of network interaction ef-
fects, although in other ways university networks
remain constrained around their own fairly tight col-
laborative trajectories and communities of interac-
tion (see Lynn ef al., 1996). Perhaps the most signif-
icant structural innovation as regards configurational
relationships has not been triggered by new actors,
but by new needs to reach out for linkages. Thus,
there is evidence of a move away from simple dyad-
ic (one-to-one) relationships in research and
knowledge exchange towards more complex and
more widely populated collaborative arrangements
(see Anderson et al., 1994).

Moreover, a study by Sytch ez al. (2010: 36) sug-
gests that even in the global computer industry more
complex network patterns did not emerge until the
early 1990s, before which network structures were
largely characterised by single dyad relations. This
confirmed earlier views that such dense and complex
network relationships were, at best, slow to emerge
without some support. The KTNs, noted above, have
in a sense reflected the UK-wide networks set up
from 2005 and funded by the Technology Strategy
Board replacing more specific organisational con-
structs such as the Faraday Partnerships.

In recognition of this increasing network com-
plexity, some UK universities have sought to set up
network partnerships both as a way to provide a
more complete, but simple ‘one-stop shop’ research
and knowledge exchange service to firms (such as
the IDEAS partnership at Daresbury’) but also to
help act as orchestrators or moderators of these
complex innovation networks. Certain specialist in-
novation intermediaries have also taken on this net-
work development and ‘orchestration’ role, moving
be-yond their simple knowledge clearing-house role
for firms (within a wider context; see Balthasar et
al., 2000). In the UK this has often been at a sectoral
level, with organisations, such as PERA, taking an
increasing role with firms and research organisations
I its sector.

In Germany there has been an increasing drive
towards encouraging regional cooperation between
actors, both through federal or state-level policies
(Polt et al., 2009: 107-111). While many of these
programmes have been evaluated as successful in
terms of regional clusters and regional spill-over ef-
fects, there are indications that they also have detri-
mental effects on broader interaction. It has been
shown that the cooperation patterns in Germany are
not particu-larly shaped by regional considerations,
because firms with specific needs cooperate with
specialised institutes no matter where they are locat-
ed within the country (Polt et /., 2009: 110). Hence,
encouraging intra-regional configurations may be
counter-productive in a broader macro perspective
and for the individual organisations in the long run,
because it diverts interactive behaviour from the
national to the regional level.
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Encouraging intra-regional
configurations may be counter-
productive in a broader macro
perspective and for the individual
organisations in the long run, because
it diverts interactive behaviour from
the national to the regional level

Table 1 summarises examples of the four-fold ty-
pology of structural innovations and provides exam-
ples from the context of higher education and
industry—academic links with reference just to two
countries, the UK and Germany. On this tentative
level, the framework and typology of what is meant
by structural innovation is validated although we
must be aware of different national contexts and,
importantly, how different actors and models emerge
from this context. Thus, recent research by Palsson
et al. (2009) suggests that not only differing national
contexts will be important in how structural innova-
tions interact with each other, but also the organisa-
tional responses to such interactions will lead to dif-
ferent evolutionary patterns.

Conclusions

This article has sought to outline and examine the
role of structural innovations in redefining and fram-
ing the innovation landscape and ecosystem and to
offer a new framework for explaining firm growth
and performance. Structural innovations are essen-
tial in the further development of the structural in-
teraction of actors in the innovation process. In
presenting this analysis we have attempted more rig-
orously to define and classify what may be termed as
a ‘structural innovation’ and set this within a more
holistic, integrative framework, acknowledging the
interlocking and dynamic nature of structural inno-
vation. We have sought to explore and test the con-
struct by examining such arrangements more
specifically within the context of industry—academic
collaboration across two contrasting national sys-
tems, the UK and Germany.

In particular we have argued there is a need for a
more holistic conceptualisation of the roles of new
actors, and of new institutional, governance and con-
figurational relationships in systems of innovation.
Most importantly, any intervention in the system
that creates structural innovation, as defined here,
has immediate implications for structural interaction
associated with institutional capability, organisation-
al and adjustment failures. However, to understand
the meaning of structural innovation and indeed to
actively introduce them as a policy framework, all
four types of structural innovation must be consid-
ered together, as innovation in one dimension (for
example, institutional framework) has consequences
on other dimensions and actually may need to be ac-
companied by further adjustments.

The analysis of industry—academic (or science-
industry) relations with which we illustrate the role
of structural innovation is an issue that is poorly ar-
ticulated in relation to identifying those features of
the innovation system that need developing or re-
pairing. Policy formulation that does not appropri-
ately take into account ‘framework’ innovations and
the consequent detailed nature of the system fail-
ure(s) it seeks to address or the unintended conse-
quences the innovation has for structural interactions
of all actors concerned is likely to ‘miss the point’.

The examples presented above have been illustra-
tive. The intention to create more patents and thus
transfer more scientific knowledge to industry in the
German change of ownership of patents and the re-
sponsibilities for patent management and licensing
and the creation of new actors to support this has
apparently slowed down patenting activities because
incentives for professors have deteriorated. This
structural innovation has sought to close a structural
hole and encourage universities to intensify technol-
ogy transfer to industry, but it did not take into ac-
count the adverse effects of incentive structure for
key actors (the professors) and thus the effect has
been questionable.

Equally, the structural innovation of new innova-
tion units and organisations in the UK (such as the
former Faraday Centres and emerging TTOs) estab-
lished to close the alleged structural gap between
science and industry could (at least in science-
intensive technological areas) lead to the adverse
effect of losing close ties between university
academics and industry. Thus by not adequately ab-
sorbing, processing and transferring knowledge to

Table 1. Examples of structural innovations from knowledge transfer and industry—academic structures

Type of structural innovation UK examples

German examples

1. New institutional frameworks Incentive structures Aboglition in 2002 of Professoen-Privileg

2. New governance models RAE/REF Verbundforschung

3. New actors and organisational forms TTOs; Faraday Partnerships Patentverwertungsagenturen (PVAs)

4. New configurational arrangements KTNs Cluster-building and support through federal and
regional initiatives (1995 onwards)
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industry, such innovation centres could result in
blocking the direct (often informal) structural inter-
actions and adequate configurational framework
needed for them to be effective. This is not to deny
that these institutes may help cure innovation system
failures in the UK, but the overall effects on the con-
figurational relationships needs to be analysed and
adequate incentives and rules created to link the new
model with the old, more direct one.

Our analysis seeks to contribute to a broader and
more thorough understanding of what are meant by
structural innovations and their meaning for system
performance. While policy-makers have now be-
come more guarded in adopting ‘one size fits all’
policy interventions, it should be acknowledged that
the true meaning of diversity and context adequacy
of structural innovations to cure system failures can
only become clear if one understands the broader
(intended and unintended) effects on structural inter-
action and actor capabilities.

Notes

1. This interestingly has close ties in the innovation literature to
the earlier notion of 'technological gatekeepers' (Allen et al.,
1970; Taylor, 1975), although there is litle or no cross-
referencing between the two extant research fields.

2. Professoen-Privileg (professorial privilege) was abolished in
2002, so that professors within German universities are now,
in principle, no different from employees of other employers
(private and public) and thus the regular ownership of a patent
is with the employer (the university) rather than the professor,
whereby the professor will have guaranteed publication rights,
non-commercial use of the invention and also some financial
reward nevertheless. This strengthens the position of the uni-
versities.

3. See commentary on Hermann Hauser's review of UK innova-
tion policy (Research Foresight, 18 February 2010).

4. In Germany, there are four large umbrelia organisations of re-
search institutes, ranging from a basic research excellence-
focused organisation (Max Planck) to application-oriented in-
stitutes within the Fraunhofer Society or specific sector organi-
sations (Schmoch, 2008).

5. IDEAS at Daresbury (Innovation, Design, Entre-preneurship
and Science) is a novel collaboration of the busi-
ness/management schools of three stakeholder universities,
along with Lancaster University's Design Thinking and Innova-
tion Laboratory, Imagination. The initiative is further supported
by the Science and Technology Facilities Council, the North-
west Regional Development Agency and Daresbury SIC. The
mission of IDEAS at Daresbury is to promote effective
knowledge exchange at the interface of SMEs, large corpora-
tions, universities and strategic government funded science
and will drive innovation into primarily high-tech micro busi-
nesses located within the DSIC network and related regional
facilities. See <http://iwww.daresburysic.co.uk/collabecrative
partnerships/ukcollaborations/ideas-at-daresbury>.
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