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Governments in OECD countries are turning more and more towards creating
networked entities as a means of organising cross-sector and multidisciplinary
research. Yet, there is little discussion of how such networks operate and how
they differ in evaluation terms from other research entities (individuals and
organisations). This particularly relates to the policy objectives of networks. In
this paper, we use the literature on evaluation, impact and value as a lens
through which to focus on the nature and benefits of formal research networks.
This paper seeks to refine our concepts of research networks and, in defining
the concept of formal research networks, to map the policy issues in evaluating
networks. We argue that, to do this, it is important that two extant literatures
(stakeholder theory and organisational environments) be introduced into the
analysis of network operations. We focus particularly on the significance of
environmental complexity for network evaluation.

Introduction

Across a range of Organisation for Economic Cooperation and Development
(OECD) countries, since at least the early 1990s, there has been continued growth
in the diversity of the structures governments have developed to support the distri-
bution of R&D funds. The development of the collaborative network as a mecha-
nism to organise funded research in general, and support research that addresses
specific public policy objectives in particular, has been one such innovation. Such
‘knowledge’ or ‘research’ networks cover a spectrum of activities from pre-research
capability development to structured research programmes, and have been given
various labels in academic writings, such as ‘collaborative’ (Turpin and Fernández-
Esquinas, 2011), ‘public–private’ research consortiums (Roelofsen et al., 2011) and
‘teams’ in medical research (Stokols et al., 2008). However, as Rogers et al. note:

… the basic assumption of network approaches for any set of social phenomena is that
the whole is more than the sum of the parts. In other words … the nature of the links
between actors takes priority over their individual characteristics. (2001, p.167)

While there has been increasing attention to the importance of collaboration insti-
tutionally (Gibbons et al., 1994; Howells and Edler, 2011) and to the role of
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connections between universities and industry for innovation (Leydesdorff and
Meyer, 2006) and philanthropy, the evaluation of what we label here as ‘formally
organised networks’ remains underdeveloped. Most evaluations of publicly funded
R&D are conducted to assess the performance of individuals and/or specific institu-
tions. They do not provide guidance on the value of networked R&D activities. Even
larger entities, such as research centres and programmes, are treated as ‘super-indi-
viduals’, the sum total of their members, for evaluation purposes (Rogers et al.,
2001). This tradition does not help in the specification of relevant boundaries for net-
work analysis of R&D systems that may lead to evaluation based on structural prop-
erties.

There has been a great deal of investigation of informal networks and invisible
colleges (e.g. Crane, 1972; Bozeman and Rogers, 2002). There is also emerging
analysis using mathematical and visualisation tools. In this paper, we make an
important distinction between informal and formal research networks.1 The former
consist of the small networks of collaborating individuals (colleagues and research
assistants etc.) involved in most scientific projects (including where some research
time is paid). Most often a project that involves some level of collaboration can be
thought of as an informal network. On the other hand, the formal network is a form
of organisation in its own right, typically reviewed and funded by government
agencies to encourage research where there is a need; for example, in nascent fields,
to achieve critical mass, to link scattered researchers, or to increase the involvement
of stakeholders.

There is a range of research on networking at a regional level (regional innova-
tion systems) where the idea is used notionally without actual details of the net-
works. We are using the evaluation, impact and value literatures as a lens to
highlight a specific weakness in conceptual development. The goal of this paper is
to begin to reformulate how we describe and think of network impact. This
involves re-thinking the language of networks. We need to acknowledge the multi-
ple literatures on networks that think of them and describe them in different ways.

First, we explore briefly the place of networks in science policy. However, the
line of argument we develop contrasts with recent articles on network evaluation
(Rogers et al., 2001; Mote et al., 2007). These two papers provide an extensive
review of network-related literature and both conclude that there is little in the way
of analysis relevant to the needs of evaluators. We have, therefore, taken a different
route and review the fundamentals of research organisation evaluation, summarising
the key findings and practices as they relate to organisation size, governance and
networks structure. From this foundation, we argue that there is a need to move in
new directions. Our research leads us to suggest that a missing component of the
analysis is the research environment, particularly non-research stakeholders, who
are fundamental to the network model. We reach into the organisational environ-
ment literature to show that the ‘environment’ of networks, an important variable
for performance, has been overlooked.

Innovation infrastructure and science policy

Systems and policy

Knowledge is now understood as an important input into societies to enhance their
capacity for economic growth and social development. Governments seek to
promote the generation of knowledge and its application to the economy. As part of
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their mission to increase economic well being, social well being, national security
and administrative efficiency, governments use a variety of policy options to imple-
ment their national vision. Over the second half of the twentieth century, national
and regional governments have invested in universities, government-funded labora-
tories and other public programmes, including defence (Freeman, 1968). How to
join up these infrastructures with other stakeholder communities has become a key
concern of science policy makers in recent decades (see Etzkowitz and Leydesdorff,
2000; OECD, 2006; Leydesdorff et al., 2006).

One key approach to joining up the system has been the development of large
scale (often national) formal research networks (FRNs). Examples of such research
networks include:

• Networks of Centres of Excellence (NCEs) (Canada);
• the major collaborative research initiative – now re-badged as a partnership

(SSHRC Canada);
• Canadian Institutes of Health research team science;
• Cooperative Research Centres (CRCs) (Australia);2

• FRSQ strategic networks (Quebec, Canada);
• British Columbia health of population networks (Canada);
• Economic and Social Research Council priority networks (UK); and
• European Framework programmes (European Union).

Research networks are part of the system of innovation in which they operate.
Thus, a nationwide research network is part of the national system of innovation,
while a local research network is a part of both the local system of innovation and
of the mosaic of policies and structures which forms the national innovation system.
But at whatever level they operate, they are part of the infrastructure of that system
of innovation, just as research councils, research organisations and key laboratories
can be understood as infrastructure that supports innovation. Thus, research net-
works need to be analysed within their respective systems of innovation and tested
as to the contribution they, as infrastructure, make to these systems. In this paper,
we aim both to map the problems of evaluating formal research networks, and to
suggest a path for future research. We define our interest in the formal and research
components of networks in Tables 1 and 2.

It is worth noting that within the formal organisational entities of networks there
are many informal networks of the kind Bozeman and others describe, but our inter-
est here is at the level of the organisation – the network as an entity. It is also
important to acknowledge and analyse the relevance of the current prevailing para-
digms in research organisation evaluations. Both a science production (productivity)
and an economic value perspective have come to dominate the field of research pro-
gramme evaluation (see Freeman, 1968; Godin, 2007). Therefore, before focussing
attention on the general field of science policy evaluation, it is valuable to consider
the variety in evaluation strategies.

Evaluation of what for whom

A distinction must be made between strategic policy reviews and programme evalu-
ations. The former represents analysis of the big picture, what has worked and what
has not worked. Such analyses often encompass elements of programme evaluation
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with future policy development suggestions. An example is the federal review of
Australia’s innovation policies and support programme conducted in 2008 (Cutler,
2008). Such reviews address the strategic question for a given situation: the right
organisational structure for this, even whether the right issue is being addressed. In
such analyses, much information is required to identify gaps in the system and thus
to initiate something new.

Programme evaluation can be defined as the ongoing regular review of pro-
grammes or organisations. In the literature on evaluation, there is a large number of
taxonomies of evaluation, though the theoretical development of evaluation frame-
works has lagged behind (see Demarteau, 2002). Hansen suggests that three meta
issues need to be addressed in designing evaluations:

• evaluation design should logically be based on the purpose of carrying out an
evaluation;

Table 1. Description of formal research networks

Definition types Description

Formal condition 1 The network is funded for a set purpose for a set period of time.
Most often they are a creation of government research grants,
although they might, for example, be funded by large non-profit
foundations.

Formal condition 2 The network is required to establish a formal administrative
structure.

Formal condition 3 The network is established, in part, to meet a policy objective.
Examples include: encouragement of linkages between researchers
and user communities, and encouragement of communication across
a dispersed population.
Examples of criteria for NCEs I Canada include:

• increasing networking and collaboration among researchers from Canada
and abroad;

• creating nationwide, multidisciplinary and multi-sectoral research partner-
ships between universities and the user sector; and

• establishing training that promotes multidisciplinary and multi-sectoral
research approaches and encourages trainees to consider the economic,
social, environmental, and ethical implications of their work.

Australian CRCs selection criteria include this prompt: ‘What end-
users will utilise the research outputs? What strategies will be put in
place to assist utilisation of research outputs by end-users, including
SMEs?’

Probable condition The network will likely be formally evaluated at some point.
Interpretative
condition

Even if all these conditions are met, there will be a need to
distinguish among research collaborations. Although, the analysis
presented in this paper is of relevance to large collaborations, it is
most relevant to situations where there is an expectation of formal
network construction that reaches beyond researchers into the
stakeholder communities.

Sources: This NCE example comes from http://www.nce-rce.gc.ca/ReportsPublications-RapportsPublica-
tions/NCE-RCE/ProgramGuide-GuideProgram_eng.asp. For Australian CRCs, see Australian Govern-
ment (2011). The application impact statement requires detailed analysis of expected benefits and for
whom.
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• evaluation needs to be based in the characteristics of the evaluand; and
• characteristics of the problem that the program or organization under evalua-

tion aims to resolve need to be incorporated. (Hansen, 2005, p.451)

Such questions of evaluation purpose and design can be understood through various
frameworks of evaluation systems. These include evaluations of the results (based
on initial goals), process models, system models, economic models, actor models
and programme theory models. Hansen’s taxonomy facilitates a clear analysis of the
worldviews of evaluators. Science grants are assessed through an actor approach
(peer review), while much of the impact of science and technology organisations is
assessed for government economic ministries through economic models (see OECD,
2007, 2008). On occasions, these rules of evaluation seem to be ignored and organi-
sations with different purposes and contexts are evaluated as identical entities.3

Network outputs: the productivity paradigm

The major focus of work on the benefits of R&D is based on what can loosely be
described as the economics of science.4 Within this category of work, it is possible
to distinguish three overlapping areas of research which have emerged over the last
30 years or so. The first can be summarised as studies in the economics of R&D,
particularly in assessing R&D through various metrics, such as patents, bibliomet-
rics and return on investments in the private sector (see Pavitt, 1991; Dasgupta and
David, 1994; Stephan, 1996; Audretsch et al., 2002). A second tradition has been
built up around the practical problems of assessing particular government pro-
grammes. Performed by consultancies (e.g. ACIL Tasman, 2006) as well as academ-
ics, this literature often draws upon research in peer reviewed journals. It has been
innovative in the search for methods and data that reveal the value of particular pro-
grammes and organisations.

The third stream of work attempts to bridge and synthesise these two worlds. It
reformulates the primary question of policy makers in assessing where to continue
funding by addressing what can be expected of R&D programmes in the public sec-
tor. For example, Salter and Martin (2001) have argued that public research has six
principal types of impact. The focus of much of the investigation into networking
has been on the necessity of the private and public sectors to collaborate in order to
develop new products and services (see Thune and Gulbrandsen, 2011; Ryan,
2011). Note that though lip service is paid to government and non-profit
stakeholders, what matters in the literature are industry partners, because they are

Table 2. Definition of research in our classification of networks

Definition
types Definitions

Condition 1 The network will be established to generate new knowledge using the OECD
Frascati Manual definition of R&D (and will likely have as a policy
objective the diffusion of new knowledge)
The network will develop leading-edge research findings relevant to the
needs of the user sector.

Condition 2 An element of the network’s mandate will be to train, encourage or mentor
new researchers.
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seen as the drivers of innovation and economic growth. It is critical to note that
Salter and Martin suggest that many of the links are informal and thus do not fit
the criteria established for our study.

Networks have been the focus of much empirical research. … This work indicates that
firms and industries link with the publicly funded science base in many different ways
and these links are often informal. (Salter and Martin, 2001, p.523)

In contrast, Stein et al. (2001) reviewed the history of five knowledge networks,
some of them formal research networks and others deigned to enhance human capi-
tal development in North–South collaborations through international experience and
training. The authors developed a simple but useful tool for thinking about network
effectiveness:

Would we know less if the network had not been created … would we know differ-
ently if network members had not had the opportunity to work together … [and]
would we have known … more slowly or less widely …?

These are good practical questions, though they do not address the current demands
of governments for measuring value and impact. As measurement becomes an
increasing concern, programme evaluators confront a common set of challenges
(see Fahrenkrog et al., 2002):

• attribution – is it possible to ascribe a particular output, outcome or impact
to a particular research project or programme? Such benefits may (probably
are) derived from the accumulated experience derived from multiple projects
while a given project may have an impact on, or contribute to, multiple out-
puts;

• appropriation – the danger of finding the benefits being looked for (i.e. misap-
propriating good news as indicators of programme effectiveness);

• timing – research impacts often become clear long after the evaluation process
is complete;

• inequality – a small number of research projects may account for most of the
measurable effects (but it is not possible to judge the value of the majority of
projects in terms of the process of knowledge accumulation); and

• the project fallacy – it is often assumed, hoped or demanded (i.e. policy mak-
ers often expect) that everything will have an identifiable benefit, which can
then be attributed equitably and in a timely fashion.

In essence, these all emphasise the challenge of accounting for the interactions
between science projects and between these projects and external knowledge
sources and the wider economic context. These challenges have been addressed in
various ways by different researchers, but it is important to note that the structure
and scale of the project/programme/organisation being evaluated are important char-
acteristics. Single organisations or programmes offer specific challenges, but net-
works, by their nature, generate a level of challenge of analysis that makes these
issues of second order importance. Nevertheless, despite these technical problems,
much of the programme evaluation work boils down to bibliometric analysis of out-
put and journal quality, as well as commercialisation-oriented metrics.
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Productivity of research organisations and centres

While it is acknowledged within the S&T indicators field (see Geisler, 2000) that
organisational size and structure matters for evaluation, there are few surveys of
evaluation at different scales of organisation. As a first step in this direction, to
highlight both the methods of evaluation and the gaps, Table 3 is provided as a
map of how particular research organisations have been evaluated and the produc-
tivity model applied.

The smaller and more diffuse the organisation, the more conventional metrics
pose problems and lose relevance. As Gläser et al. (2004) point out, there are ‘least
evaluable units’ (LEU) where publication measures of scientific output and impact
become unreliable. Their analysis of the Australian Commonwealth Scientific and
Industrial Research Organization (CSIRO) discovered that these LEUs may be sur-
prisingly large. At the other end of the spectrum, as the scale of activity increases,
the specificity of the assessment must necessarily decrease. Table 3 lays out a range
of organisational structures and scales, with examples of the evaluation indicators
and approaches being used. We have focussed our attention on examples from Aus-
tralia, Canada, the UK and the USA, where we have the most experience, but in
the expectation that the findings have wider relevance.

Table 3. Evaluation schemes applied to research organisations of different structures and
size

Scale Form and/or function Examples
Types of evaluation
(measures and procedures)

Micro University research
centre or sub-
departmental unit

US: research
centre faculty and
non-centre faculty
(1)

Case studies; output metrics
(cvs)

CSIRO (2)
Meso Department of an

organisation
UK RAE and
REF

UK Research Assessment
Exercise (RAE) REF –
increasingly driven by
metrics (3)

Australia ERA

ERA – metrics and peer
review (4)

Macro Stand alone research
organisation in the
national system of
innovation

NRC Canada Metrics, case studies
CSIRO Australia
(5)

Granting
councils
(provincial,
state or
national)

Canada – CFI (6) CIHR and NIH – mostly
peer review audits, the latter
unusually on goal
attainment.

CIHR Canada (7)
NHMRC
Australia (8)
NIH USA (9) NHMRC – mixed case

studies and metricsRCUK (10)
RCUK – emphasis on
impacts

Sources: (1) Gaughan and Ponomariov (2008); (2) Gläser et al. (2004); (3) Barker (2007), Office of
Science and Innovation (2007) and REF (2011); (4) Australian Research Council (2011); (5) ACILTasman
(2006); (6) Hickling Arthurs Low (2002); (7) Bernstein, Hicks et al. (2006); (8) Garrett-Jones et al.
(2004); (9) US Department of Health and Human Services (2007); (10) Corbyn (2008), RCUK (2008) and
Matthews (2011).
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There is a general trust in metrics for evaluation, but we also note that a number
of organisations are developing evaluation systems that are not completely depen-
dent on metrics. Political changes play a part in evaluation structures (one Austra-
lian government initiated the Research Quality Framework while another
government replaced it with Excellence in Research for Australia) as does resistance
from researchers (the UK’s impact framework).

The evaluations represented in Table 3 are examples of evaluation strategies that
emphasise the unity (super-individuals) of evaluation units. What then of research
networks? What frameworks and models are available for organisational structures
that, by definition, should not be treated as super-individuals?

Networks in evaluation: form and function

An evaluation model for formal networks should address the following issues:

• the purpose of the networks and the purpose of the evaluation;
• the scale and form of the networks; and
• programme outcome attributes – what is the productivity of networking?

In the section that follows, we examine the first two points, leaving the last for the
final section. First let us look at the nature of networks.

Formal, or at least semi-formal, networks that use and develop the knowledge
of their members can be roughly divided into two types: knowledge/research net-
works, which carry out collaborative research and information exchange and propa-
gation, and policy-oriented networks, which can consist of communities of policy
researchers who carry out research for evidence-based policy (Nutley et al., 2007)
or, alternatively, advocacy and issue-based communities that try to influence govern-
ment policy. Although research is common to both, we are primarily interested in
those networks that have as a prime objective the creation of new knowledge and
the diffusion of that new knowledge or the building of research capacity in new
fields of science.

Organised research networks, as distinct from self-organising informal networks,
are politically necessary in large jurisdictions, particularly where there are widely
distributed and relatively small populations. It is interesting to note that national
FRNs are a Canadian invention. Although a number of network programmes pre-
ceded it, the Networks of Centres of Excellence programme established in 1988
appears to be the first significant public–private research collaboration model. Other
nations (such as Australia) may have looked at Canadian networks to see how they
could be adapted to their own situations (Salazar and Holbrook, 2007). It seems
entirely possible that the Australian Cooperative Research Centres programme was
influenced by the development of the Canadian NCEs (Slatyer, 1994; Networks of
Centres of Excellence of Canada, 2004). In Australia, networks meet the needs of a
small population spread along the east coast, while, in Canada, networks address
the needs of a population spread across the northern US border, and meet the politi-
cal needs within which most Canadian researchers operate (Salazar and Holbrook,
2007).

The NCE Program invests in national research networks that: stimulate leading-edge
research in areas critical to economic and social development, develop and retain
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world-class researchers in areas essential to Canada’s productivity, create nationwide
multidisciplinary and multi-sectoral research partnerships, and accelerate the exchange
of research results within the Networks and the use of these results by organizations
who can harness them for economic and social development. (Canadian Networks of
Centres of Excellence: National Centres of Excellence, 2007)

Networks enhance knowledge transfer and policy impact, networks build or increase
research capacity, networks promote collaboration and partnerships. (British Colum-
bia’s Health of Population (research) Networks: MSFHR PIWG, 2008)

The CRC program supports end-user driven research collaborations to address major
challenges facing Australia. CRCs pursue solutions to these challenges that are innova-
tive, of high impact and capable of being effectively deployed by the end-users.
(Cooperative Research Centres, 2012)

The ARC Research Networks scheme builds on investments in excellent research
undertaken by individual investigators and small teams to: Enhance the scale and
focus of their research; Encourage more inter-disciplinary approaches to research; and
facilitate collaborative and innovative approaches to planning and undertaking
research. (Australian Research Council Research Networks: Australian Research Coun-
cil, 2010)

Given that formal networks can be organisationally unclear, it is unsurprising that
so little attention has been paid to constructing appropriate holistic evaluation
frameworks (Sala, Landoni, & Verganti, 2011). The simplest starting point is to
return to Salter and Martin (2001) and add network specific outputs (numbers are
from the original):

(1) Increasing the stock of useful knowledge. (How much was produced and of
what quality? Did the networking shift the direction of research?)

(2) Training skilled graduates. [Did the network produce new graduates? Are
they now doing research or in the wider labour force (see Holbrook, Wixted,
Chee, Klingbeil, & Shaw-Garlock, 2009)? Were they embedded into the net-
work – co-publishing etc.?]

(3) Creating new scientific instrumentation and methodologies (as appropriate
for individual networks).

(4) Increasing the capacity for scientific and technological problem-solving.
[Was the network simply diffusing new knowledge (researcher outwards)?
Was there knowledge exchange? Was there knowledge transformation
(awareness of needs and capabilities and thus generating new problem defini-
tions and new solutions)?]

(5) Forming networks and stimulating social interaction. (Were the right stake-
holders included? Were the new members sticky? Did new networks or pro-
jects grants spin-off this project?)

(6) Creating new firms (as appropriate for individual networks).

Most of these outputs are fairly standard, although the approach itself does not
seem to have been applied anywhere systematically. Nevertheless, it is evident that
adopting this approach still leaves the networking itself a black box. It should be
clear that standard productivity measures fail to explain why networks are estab-
lished in the first place:
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… most evaluation of R&D is conducted to assess the performance of individuals
and, therefore, does not provide guidance on the value of structural properties of R&D
activities. (Rogers et al., 2001, p.167)

Rogers et al. (2001, p.169) are clear that the structure of relations (informal or
formal networks) ‘in many respects is superior to product or outputs focus for R&D
evaluation’. Table 4 presents an overview of some of the formal evaluations of net-
works. It reveals mixed frameworks and a lack of clear vision of how to conceptu-
alise and capture in analysis the value of networking.

What we note from our research on evaluations of existing network pro-
grammes is a distinct lack of focus on the networking of these networks with the
universe of possible stakeholders. Internal collaboration between researchers is an
important focus, and there is some interest in collaboration with stakeholders in
the network. The European Framework Programmes (FP) have consistently
required that project teams be networks that span the geographic dimensions of
the EU and link researchers with stakeholders. Although networking itself is
apparently a key policy dimension, it remains under-examined and evidence of the
benefits of networks is thin. Arnold (2005) notes that they generate new contacts
and that smaller networks appear to work better than larger ones, but they are not
new networks:

A factor promoting stability among a core of frequent participators is the fact that (like
other network R&D programs) the FP does not generate wholly new R&D networks,
but causes network extension. Evaluations of network R&D tend to find that R&D
networks evolve over time, rather than being newly constructed for each funding
opportunity. (Arnold, 2005, p.14)

Table 4. Evaluation of research networks

Network
programme
scale Network programmes evaluations

Individual formal research networks
performance evaluations

Micro
Meso Australian Research Networks – no

framework apparently developed (1)
British Columbia – Health of
Population networks (3) – mostly
narrative with some stakeholder
assessments.

CIHR team grants programmes –
evaluation system under development
(2) Australian Research Networks – no

apparent framework (4)
Macro Canada – National Centers of

Excellence – evaluations 1997 and
2002 (5)

Canada – National Centres of
Excellence mid-term review criteria
appear to be fuzzy (10)

Australia – Cooperative Research
Centres reviews (6)
MCRI programme review (7)
Austrian Research Networks (8)
European Frameworks networks (9)

Sources: (1) Australia (2010); (2) personal communication; (3) MSFHR PIWG (2008); (4) Australia
(2010); (5) Networks of Centres of Excellence (2007a); (6) Insight Economics (2006) and Cutler
(2008); (7) Kishchuk (2005); (8) Edler and Rigby (2004) and Rigby (2005); (9) for a survey, see
Arnold (2005); and (10) Networks of Centres of Excellence (2007b).
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Network governance

A different model of evaluation ignores the conventional productivity model and
the relational structure which we discuss below. It focuses instead on the gover-
nance of networks. Provan and Milward (2001) argue that the evaluation of the per-
formance of (public service) networks is complex, in part because of the range of
stakeholders, and that it is best to review the governance of the network. Stein
et al. (2001) also give attention to governance issues in their comparisons of the
successes of five knowledge networks. The productivity of an entity obviously
stems, in part, from how that entity is managed. Milward and Provan (2006) state
that the structure of the network in terms of administration (centralised or decentra-
lised), leadership style and other governance arrangements matters in networks just
as it does in hierarchical organisations.

Creech and Ramji (2004) have developed the simplest form of governance eval-
uation of networks for the development and dissemination of information for inter-
national development. They focus on effectiveness, structure and governance,
relationship governance, efficiency, resources and sustainability, and lifecycle analy-
sis. These are valuable criteria, but applying them to research networks is not
straightforward because of a lack of detailed criteria against which they might be
tested. Those who have worked in research networks would agree that governance
is an important aspect of network success (see Atkinson-Grosjean, 2006). It is all
the more important when networks are short lived:

There is a fundamental gap in the current practice of networking. At present, most
organizations are experimenting with models of collaboration for the sharing of infor-
mation and expertise. … Many researchers are beginning to investigate the value of
these models as a means of changing public and private sector actions to be more sup-
portive of sustainable development. But we continue to see organizations struggle with
the problem of working together to increase their collective effectiveness, not just to
achieve their immediate research objectives but to fulfill their vision of having real
influence on decision-making for sustainable development. (Creech, 2001, p.1)

We can then add to these output measures tests to measure the performance of
the network’s governance structures and procedures (adopting a modified version of
the Creech list):

• resources (financial, human) (in the first term of the network, were enough
resources devoted to the networking?);

• governance (was the research conducted with efficiency and were the graduate
students incorporated effectively?);

• effectiveness (what was produced, did the researchers connect to the stake-
holders and was the research effort discernibly different for being conducted
as a network?); and

• lifecycle and sustainability (have new networks or projects spun-off?).

But how do we know there have been genuine connectivity and real relationships?

Network relationship structures

A small, but rapidly growing, literature evaluating research networks utilises meth-
ods developed in the field of social network analysis. This field has grown from
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observations on the differential benefits of an individual’s close friends versus
acquaintances (weak ties) (Granovetter, 1973), to focus on the use of a particular
suite of mathematical methodologies developed in the social sciences (Borgatti
et al., 2009) and in physics and mathematics (complex networks) (see Strogatz,
2001). The basic assumption of both the social network and complex network
approaches is that relational structure matters:

If two networks had the same structure then there is an expectation that the outcomes
would be very similar. … [Alternatively] teams with the same composition of member
skills can perform very differently depending on the patterns of relationships among
the members. (Borgatti et al., 2009, p.893)

Further, the emphasis of network relationship structures is not on traditional social
research explaining an individual’s outcomes or characteristics as a function of other
characteristics of the same individual (e.g. income as a function of education and
gender), but on the explanatory power of the social environment – the web of rela-
tionships (Borgatti et al., 2009).

The tools for analysing and visualising network structure have proven to be
attractive to many researchers conducting evaluation work (see e.g. Neurath and
Katzmair, 2004). However, the most accessible data on researcher relationships are
on authors of academic publications. Consequently, it is no surprise that work on
network relationship structures concentrates almost exclusively on researcher–
researcher relations. Ryan (2008) has shown that co-publication networks are long
lived even when pre-existing and unrelated groups are forced to merge in a single
formal research network. These findings mirror those of Arnold (2005) on European
networks, which do not, on the whole, integrate new members successfully. In an
evaluation of Austrian research networks, Rigby reports a heavy emphasis on bib-
liometric analysis:

This bibliometrics review was based on a method employed by PREST for comparing
scientific outputs under program funding with those outputs arising without funding.
… The method involves three types of analysis: a) a review and assessment of the dif-
ferential citation rates between the authors’ project and non project publications; b) a
review and assessment of the difference in citation rates between those papers pub-
lished by the authors and those published by non-project authors (in this case also
from Austria, but from no other countries) within the same journals; and c) a review
and assessment of co-publication patterns from within the project. All the analysis is
subject to the availability and the reliability of the data provided by the project interim
and final reports under the two programs. (Rigby, 2005, p.6)

There has been a tendency to use this template to analyse relational patterns and
to imply that particular patterns, such as small worlds, have implications for the
success of the network and fostering knowledge exchange and innovation (see Pro-
togerou et al., 2010; Van der Valk and Gijsbers, 2010). Thus, there is an expanding
field of analyses of the mathematical properties of network connectedness (Klenk
et al., 2009; Protogerou et al., 2010; Mattsson et al., 2010; Howells and Edler,
2011) that uses network relationship structures for mapping the collaborative con-
nectedness of specific research networks. Its conclusions have not gone unques-
tioned (Kilduff and Brass, 2010; Steen et al., 2011).

While this form of analysis provides an argument for the synergy and addition-
ality of research networks, it is useful only for the knowledge creation aspects of
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networks. Knowledge mobilisation and transfer, which is a key raison d’être of so
many network programmes, is largely ignored as it is not easy to obtain useful rela-
tional data. Kilduff and Brass (2010, p.327) note that ‘pure structural research tends
to treat different kinds of relationships as more or less equivalent because the focus
is on structure rather than the content of ties’. Such an observation can be under-
stood on two distinct levels. The first is that not only do we not pay attention to
what knowledge is flowing between actors, but that actors in networks play an active
role in constructing the shape of networks, an issue we take up in a separate paper
(Holbrook et al., 2012). However, just as important, there is evidence to suggest that
the nature of the environment in which the network exists as an organisation may be
vitally important for its success. Even if network relational structures are similar, the
environments in which they operate or the type of problems on which they work
may be very different. Is genomics science development equivalent to mental health
in terms of the structure of environment in which networks operate?

Environmental structure – stakeholder complexity

As we have just shown, the literature on network relationship structures primarily con-
cerns itself with the connections of those who are related to a particular network, par-
ticularly where there is a formally funded entity. The social environment of an
individual is defined by those relationships and not, for example, by whether the over-
all conditions are highly competitive, contractionary or by whether there are opportu-
nities for growth. We have nothing in this literature that focuses on the environment of
a network, probably because a network is defined by a particular set of links and is yet
to be understood as an organisation in the conventional sense. One area of scholarship
which does engage with this larger environment is policy networks research:

The main thrust of the policy subsystems literature is its effort to derive a conception
of relevant policy actors that transcends traditional ‘positivist’ distinctions between
agents and structures, and especially between institutionally defined ‘state’ and ‘socie-
tal’ actors. A major element of the conception of policy subsystems involves viewing
them as being composed of two subsets of all the actors present in the policy ‘uni-
verse’. The larger set of actors is composed of those who have some knowledge of
the policy issue in question and who collectively construct a policy discourse within a
‘policy community’. (Howlett and Ramesh, 1998, p.269)

So, in this research field, authors discuss the openness of actors in networks to
new ideas, their membership numbers and organisational form (whether organised
or based on a loose affiliation of interests). These all affect the rate at which new
policies are adopted. This finding connects very closely to the long-standing work
in organisational studies on (organisational) environments. That field defines envi-
ronments in primarily three broad ways: complexity (homogeneity–heterogeneity,
concentration–dispersion of organisations), dynamism (stability–instability, turbu-
lence, velocity) and munificence (resource richness of environments) (see Aldrich,
1979; Scott, 1981; Dess and Beard, 1984; McCarthy et al., 2010). We could pro-
pose ways in which all three concepts have important implications for research net-
works. Stein et al. (2001) make clear how important, for example, is the
munificence of the environment; networks are costly in terms of administration and
networking. Our analysis, however, focuses on environmental complexity. To expli-
cate this, we need to describe the process of network construction.
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Network construction

A number of features separate formal from informal research networks. The first is
that the former are often established to improve the embedding of players and to
increase the numbers of players. The second is that formal research networks are
established with an explicit management structure. We can build a model of the for-
mal knowledge network organisation, although it has loosely defined and porous
boundaries. The principal investigators tend to know one another before a collabo-
rative research bid (see Ryan, 2008) and need to cooperate in building the applica-
tion for funding (Figure 1). The stakeholders will often become involved in
developing the application (see Roelofsen et al., 2011).

Once established, the formal network needs some form of organised administra-
tion (the square at the centre of Figure 1). Alongside the principal investigators are
the workers in the network, graduate and post-doctoral students (Figure 2). These
members of the network are supported by a penumbra of colleagues and others with
interests in the network’s research.

Beyond perhaps a few core full-time researchers and doctoral students, the pub-
lications-based network may involve many authors who are not actively engaged in
network membership, but who collaborate with co-authors who are (Figure 3). Even
further beyond this layer are government and industry stakeholders, who may or
may not be involved in particular projects or publications. It is important to realise
just how blurry the boundaries of a network truly are. Who is in such a network
and who is not? Klenk et al. (2009) go to the trouble of identifying only publica-
tions which acknowledge funding from the Networks of Centres of Excellence pro-
gramme, but other authors write of the connectedness of created networks as
though the small world phenomena is an exogenous fact and the relevance of the
connections uncontested:

These findings point out that the vast majority of organizations participating in these
EU-funded projects are, directly or indirectly, interconnected via collaboration … The
greater the density in a network, the greater the connectedness of its members. Infor-
mation in a dense network will move faster and more efficiently as a result of the

Figure 1. Stylised structure of networks: the principal investigators and administration
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many connections and potential lines of allocation. Despite the high connectivity that
our networks exhibit, it seems that they are strongly dependent on a core of central
actors. (Protogerou et al., 2010, p.368)

There are several assumptions in such an analysis. The first is that dense networks
move information faster, the second that speed entails efficiency, and the third that
everything is dependent on central actors.

Figure 2. Graduate and post-doctoral students

Figure 3. Colleagues of the principal investigators
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Environment complexity of community stakeholders

In business and organisational studies, researchers grappling with the interactions
between businesses and communities have developed stakeholder theory to explore
the countervailing forces to pure stockholder value for corporate decision making,
and to explain particular patterns of community engagement with business ethics
(see Parmar et al., 2010). Various taxonomies of stakeholder have emerged, but per-
haps the most prominent to date has been that of Mitchell et al. (1997), who identi-
fied urgency, power and legitimacy as factors determining management attention.
Crane and Ruebottom (2011) suggest that there is a shift in the literature from inter-
acting with communities to working in communities, and thus to more network-
based perspectives of stakeholders. This provides an interesting perspective on how
research might interact with a set of stakeholder actors. The environmental com-
plexity for a network, the number of stakeholders, the different clusters of interests,
the visions of the problem, the power bases and the differential funding levels will
all be acting upon the network performance (see Figure 4).

We received valuable insights into how it might be possible to understand the
environments of networks from reviewing the results of a workshop on evaluation
for eight diverse Health of Population Networks developed and funded in British
Columbia. These innovative and unusual networks were funded to promote the
development of linkages between researchers and stakeholders to stimulate new
research questions, projects and teams. The eight networks covered the diverse pop-
ulation areas of children and youth, environmental and occupational health, mental
health, aging, rural and remote health, disabilities health, aboriginal health and
women’s health.

Analysis of the responses to a worksheet aimed at assisting the workshop partic-
ipants to build an indicator set representing multiple possible outputs of their activi-
ties revealed some interesting differences among the networks. Some networks
clearly had a strong sense of research possibilities, while others saw strong

Figure 4. Simple and complex stakeholder environments

306 B. Wixted and J.A. Holbrook



stakeholder investment in network activities. These responses suggested a possible
taxonomy of network attributes which focuses not on individuals, but on the commu-
nities of actors with which they engage. Very importantly, what we learnt from this
activity is that we could think of research communities in the same terms as external
communities. For a range of possible networks, research may span many fields or
few, be well funded or not, etc. So, environmental complexity does not refer only to
the external environment, but also to the totality of activity for a given problem.

In the most simple modelling of this approach, we have two stakeholder com-
munities (researchers and others – industry, government researchers or community
populations) and we have two starting positions for each community (diffuse and
less diffuse). This provides a basic modelling structure of four combinations (see
Figure 5). This is constructed on the grounds that the more complex the environ-
ment, the more difficult it will be to build a coherent researcher or stakeholder com-
munity of interests around particular issues and possible policy answers. Our
breakdown looks like this:

• Less complex researcher environment (less diffuse) with more complex (dif-
fuse) stakeholder environments – researchers are relatively easy to define, but
the stakeholder communities are more scattered across geography, size of
population and topics, making connection more difficult (e.g. gerontology,
children and youth).

• Less complex (less diffuse) researcher community with less complex (less dif-
fuse) stakeholder environment – circumstances where the research community
is easily identified and where there might be a leading charity or other cen-
tralising organisation organising the environment (e.g. environmental and
occupational health).

• More complex (diffuse) researcher community with more complex (diffuse)
stakeholder environment – there is both a disparate researcher community
(researchers from many social sciences, natural sciences and health may be

Figure 5. Network environment typology
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interested) while the stakeholder community is also fragmented (e.g. rural
health and women’s health).

• More complex (diffuse) researcher community with less complex (less diffuse)
stakeholder environments – the research community is more disparate across
geography and fields, but strong emphasis on community engagement and
support with some obvious ‘go to’ organisations (e.g. First Nations health).

This first rather simplistic conceptualisation of the environment and the original
definition of complexity (homogeneity–heterogeneity, concentration–dispersion of
organisations) has led us to think of measures to differentiate the researcher/stake-
holder clusters along three dimensions. Research on knowledge and innovation sys-
tems has generally emphasised the significance of the following dimensions, but the
specific list has been inspired by our work on networks and the idea of distance
contained in the work of Sorenson et al. (2006) and Nooteboom (2009).

• Geographic proximity (spatial closeness of partners – too spread out and a
network will be difficult to operate, too close and what is required is a centre,
not a network).

• Agenda proximity (if stakeholders and researchers are not aligned, it will be
hard to generate useful research for stakeholders, but the network may have a
coherent agenda as its purpose).

• Field fragmentation (the greater the diversity of the interests among research-
ers or stakeholders, the less likely that a coherent research programme will
emerge).

Each of these three dimensions can be broken down into measurable qualities to
distinguish different network forms and purposes. It should also be possible to
develop a sliding scale that indicates whether a particular proposal lacks the diver-
sity to warrant network funding.

Taking the environmental complexity of a particular network into account in its
evaluation will greatly improve the quality of evaluations. In environments of high
complexity, the indicators of success should emphasise less the productivity of a
network and emphasise more whether there is a growing consensus around central
problems. Key performance indicators would be as follows:

• Did the research or stakeholder community locate and embed appropriate
community members in the network?

• Was an agenda appropriate to the external circumstances developed?
• In less complex starting conditions, was discernible progress made in solving

a particular science problem?

One of the main benefits of such an approach is that we can differentiate net-
works on the basis of their level of outputs in comparison with what may be
expected of them. In some situations, it is conceivable that a network in a more
complex starting position could make greater progress than one that emerges from a
field of science that is already highly achieving. In the latter case, network forma-
tion would make little discernible difference. This levels the playing field between
networks in terms of evaluation. The environmental conditions are built into the
evaluation model.
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Overall, we do not discount the use of all the above approaches for evaluation
(governance, structural analysis and stakeholder analysis). We do, however, emphasise
that the stakeholder/environmental complexity perspective has been largely ignored
despite its importance, just as it has been with more traditional organisational forms.

Discussion and conclusions

The impact statement required on Australian CRCs applications, as one example,
appears to pitch one network proposal against another, even though their social and
economic environments will be very different. Treating all actors identically dis-
plays lack of imagination for what is possible from networks. Networks will be
seen as successful only if the measures of success relate to their environment and
to realistic objectives within these environments.

Yet, while there is now a large body of literature on the evaluation of publicly
funded scientific research, and a nascent one on research networks (Sala et al.,
2011), evaluations of stakeholder engagement focus on those connected with the
networks and not on the structure/complexity of the researcher/stakeholder universe.
Evaluations conducted to date for the most part overlook important characteristics
of stakeholders.

As Hansen (2005) shows, there are multiple strategies and paradigms for evalua-
tion; the key is fitness for purpose. If the goal is purely economic outcomes, then
we would probably fund research only in each country’s most dominant industries,
but programmes have multiple objects and need relevant evaluations of each key
criterion. Currently, the approach to network evaluation which is gaining most trac-
tion is social network analysis. However, as a caution:

The emerging debate concerning the importance of indirect ties and different kinds of
ties offers the prospect of a significant extension of the network research program.
Does the importance of relations imply that different types of relations are of differen-
tial importance, or do they need to be aggregated to provide a complete picture of the
appropriability of relations? (Kilduff and Brass, 2010, p.342)

We suggest going even further, beyond the ties that define a particular network,
to understand the complexity of the problem space it operates within. Research net-
works in different fields are likely to construct networks differently and so need to
be assessed differently. Each broad area of science has its own capital intensity, its
own stakeholder community structures, and the knowledge–problem frontier is dif-
ferent. In the medical sciences, the more the research engages with societal issues,
the more complex will become the stakeholder environment. In the natural sciences,
it could be speculated that researcher and stakeholder conditions will be less com-
plex as the researcher community in particular fields is often quite small and poten-
tial industry partners are limited. The social sciences will often face complex
environments (see Bernstein et al., 2000) at both ends of the system because choos-
ing who is relevant to a particular social issue can be difficult.

At this time, it is possible only to sketch out the concepts and measures needed
to develop relevant indicators. If what we have mapped out can be verified in
empirical testing, then one implication of the work presented here is that more
emphasis should be placed on evaluating the problem-stakeholder maps of proposed
research networks before they are funded. An intriguing prospect is the role of char-
ities and foundations in simplifying environmental complexity. Our assessment
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model is built on the premise that it is possible to narrow down a target group of
potential research, industry and community partners, and to evaluate the network on
its success in reaching and including informed but unconnected partners.
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Notes
1. The literature often focuses on social and business networks: our focus is on networks

for the creation and diffusion of knowledge.
2. Although the Australian entities are called ‘centres’ they have many similar features to

the NCEs of Canada as they are collaborative, multiorganisational, multidisciplinary and
a distributed multisite structure.

3. Read, for example, the approach to the evaluation of four proposed NCEs available from
http://www.nce-rce.gc.ca/_docs/reports/selec-renewal-oct07_e.pdf. The document does not
even refer to the fourth NCE (the Canadian language and literacy research network), the
only social science NCE being considered. It was not recommended for renewed funding.

4. The term ‘economics’ is used here advisedly as a catch-all for analysis that attempts to
capture the inputs and outputs in a broad productivity-based framework. Much of the
work has indeed been on the benefits to the economy (Nelson, 1959) or to specific firms
arising from this public research (see RCUK, 2008). This framework can be pushed too
far and become worthless (see Corbyn, 2008).
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Appendix 1. Glossary

CIHR – Canadian Institutes of Health Research
CRCs – Cooperative Research Centres (Australia)
CSIRO – Commonwealth Scientific and Industrial Research Organisation (Australia)
HOPNs – Health of Population Networks, funded by the Michael Smith Foundation
for Health Research
MSFHR – Michael Smith Foundation for Health Research
NCEs – Networks of Centres of Excellence (Canada)
NHMRC – National Health and Medical Research Council (Australia)
NIH – National Institutes of Health (US)
NSERC – Natural Sciences and Engineering Research Council of Canada
RAE – Research Assessment Exercise (UK)
SSHRC – Social Sciences and Humanities Research Council (Canada)
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