Environmental Policy and Governance

Env. Pol. Gov. 27, 256—269 (2017)

Published online 21 February 2017 in Wiley Online Library
(wileyonlinelibrary.com) DOI: 10.1002/eet.1752

Using Social Network Analysis to Monitor and Assess
the Effectiveness of Knowledge Brokers at Connecting
Scientists and Decision-Makers: An Australian case
study

C. Cvitanovic,” R. Cunningham,”® A-M. Dowd,> S.M. Howden* and E.I. van Putten"®

"Centre for Marine Socioecology, University of Tasmania, Battery Point, Tasmania, Australia

*Tyndall Centre for Climate Change, University of Manchester, Department of Mechanical, Aerospace and Civil
Engineering, UK

3Commonwealth Scientific and Industrial Research Organisation (CSIRO), Kenmore, QLD, Australia

“Climate Change Institute, Australian National University, Canberra, ACT, Australia

>CSIRO Oceans and Atmosphere, Hobart, Tasmania, Australia

®Institute for Sustainable Futures, University of Technology Sydney, City Campus, Broadway, NSW 2009, Australia

ABSTRACT

Despite growing rhetoric regarding the potential benefits of using knowledge brokers in relation to
environmental challenges and decision-making processes, the evidence in support of such claims is
mostly anecdotal. This is, in part, due to the lack of established methods to evaluate the effective-
ness and efficiency of knowledge brokers. To address this gap we assess the utility of social network
analysis (SNA) to evaluate the effectiveness of knowledge brokers in connecting scientists and
decision-makers. Specifically, using a case-study approach, we undertake longitudinal SNA over
a 12-month period to evaluate the extent to which the knowledge broker developed networks be-
tween producers and users of knowledge across different organizations. We also undertook a qual-
itative survey of scientists (n = 29) who worked in the same organization as the knowledge broker to
understand the extent to which the knowledge broker increased the impact of scientific research
for decision-making purposes. Results show that the knowledge broker developed an extensive
stakeholder network of 192 individuals spanning over 30 organizations. The results of the SNA
found that over time this network increased in density and became more cohesive, both key ele-
ments underpinning successful knowledge exchange. Furthermore, the qualitative survey found
that the knowledge broker also had a positive impact in other ways, including helping researchers
understand the operating environments within decision-making agencies and the best approaches
for engaging with specific decision-makers. Thus, this study demonstrates the value of SNA for
evaluating knowledge brokers and provides empirical support for the use of knowledge brokers
in the environmental sector. Copyright © 2017 John Wiley & Sons, Ltd and ERP Environment
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Introduction

HE SUSTAINABLE MANAGEMENT OF ENVIRONMENTAL RESOURCES REMAINS A SIGNIFICANT CHALLENGE, (BERKES ET AL, 2003). IN

response, a growing body of literature advocates for the implementation of adaptive governance struc-

tures promoting collaborative, flexible and learning based approaches to management (Folke et al.,

2003; Nelson et al., 2008). A critical factor underpinning the success of adaptive governance arrange-
ments is the generation and sharing of new information, as well as the capacity of management organizations
to learn from new information (Armitage et al., 2008). However, despite a significant increase in the produc-
tion of scientific knowledge, an implementation gap remains (Ormerod et al., 2002; Berrang-Ford et al.,
2011). Rather, evidence suggests that decision-makers often rely on experiential knowledge when developing
and implementing conservation and management actions in isolation from evidence-based science (Pullin
et al., 2004; Cvitanovic et al., 2014a; Addison et al., 2015), limiting the potential success of management
actions. Accordingly, improving knowledge exchange among scientists and decision-makers to support adaptive
governance structures is an emergent priority for the environmental sector (Cornell et al., 2013; Meadow et al.,
2015).

While there are a number of ways in which knowledge exchange can be improved among scientists and decision-
makers (e.g. boundary organizations, knowledge co-production, etc. — reviewed by Cvitanovic et al., 2015b), in recent
times a growing body of literature has advocated for the use of knowledge brokers to enhance the likelihood of
evidenced-based decision-making (e.g. Cvitanovic et al., 2013; Reed et al., 2014; Hering, 2015; Lacey et al., 2015).
While knowledge brokers are conceptualized and operationalized differently in various sectors and settings (Hoppe,
2009), the defining feature of such a role is to develop relationships and networks with, among and between pro-
ducers and users of knowledge to facilitate the exchange of knowledge throughout this network and build capacity
for evidence-based decision-making (Bornbaun et al., 2015). To do so, knowledge brokers are required to build and
sustain productive working relationships with a range of stakeholders, be they individuals or organizations, to un-
derstand their existing knowledge base and capacity for evidence-based decision-making and to subsequently help
build these (Lomas, 1997). Underpinning this is the extent to which knowledge brokers are perceived by their stake-
holders as relevant, legitimate and credible (Cash et al., 2003; Cash and Buizer, 2005; Reinecke, 2015), which re-
quires knowledge brokers to have not only an in-depth understanding of the science that they are to
communicate, but also a strong understanding of the stakeholders with whom they engage, their operational envi-
ronment and the most appropriate avenues to influence the research and how it is conducted (Michaels, 2009;
Stocklmayer, 2013; Saarela and Séderman, 2015). In turn, knowledge brokers must also have the ability to interpret
and frame stakeholder needs and then communicate these to the research community. Finally, for knowledge bro-
kers to act efficiently it is widely believed that they must possess superior interpersonal skills, communication skills
and motivational skills (Dobbins et al., 2009; Cvitanovic et al., 2016). Thus, while knowledge brokering roles present
a number of challenges, when operating efficiently, knowledge brokers are believed to have the ability to facilitate
organizational change by (1) removing barriers to evidence-based decision-making, (2) promoting a culture that
values the use of the best available science in policy and practice and (3) influencing science so that it is appropriate
to stakeholder needs (Meyer, 2010).

Despite growing rhetoric regarding the potential benefits associated with knowledge brokers in relation to envi-
ronmental resource management, to date the evidence in support of such claims is mostly anecdotal, and derived
primarily from other sectors such as the medical and education sectors (see review by Cvitanovic et al., 2015b). In-
deed, to our knowledge no study to date has quantitatively demonstrated the value of using knowledge brokers to
connect scientists and decision-makers in relation to environmental challenges, nor comprehensively documented
the ways in which knowledge brokers can add value to knowledge exchange processes. This is, in part, due to the
lack of established methods to evaluate the effectiveness and efficiency of knowledge brokers, or the types of activity
they undertake (Fazey et al., 2013; Adelle, 2015).

The overarching objective of this paper is to help address this gap by testing the utility of social network anal-
ysis (SNA) to monitor and evaluate the effectiveness of knowledge brokers at connecting scientists and decision-
makers. Specifically, using a case-study approach, we undertake longitudinal SNA to evaluate the extent to which
a knowledge broker can develop relationships and networks with and between producers and users of knowledge
to support the uptake and impact of scientific outputs to inform decision-making processes. SNA is considered
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a useful approach because of its potential to identify the position of individuals within a network and give
meaning to the underlying structure and relationships in the network (Bodin and Crona, 2009; Jedd and
Bixler, 2015). Network structure and position play crucial roles in the circulation of knowledge within the sys-
tem (see, e.g., Dowd et al., 2014; Cunningham et al., 2015). Accordingly, longitudinal SNA allows researchers
to monitor how network structures change over time, which when applied to a knowledge broker’s network
can provide empirical evidence for the extent to which the knowledge broker has been successful at
connecting scientists and decision-making and thus provide opportunity for improved knowledge exchange
(Toikka, 2010).

While this study is primarily concerned with testing the utility of SNA to monitor and assess the effectiveness of
knowledge brokers, as a secondary aim this paper also begins to explore the extent to which knowledge brokers can
facilitate knowledge exchange among scientists and decision-makers. This is achieved via a qualitative survey of sci-
entists employed within the same agency as the knowledge broker to elucidate whether they believed that working
with a knowledge broker did in fact lead to improved knowledge exchange outcomes. It is important to note, how-
ever, that due to resource limitations we were unable to also interview decision-makers outside this same agency to
elucidate their perceptions as to whether the knowledge broker did in fact have a positive impact on knowledge ex-
change processes. Thus, in presenting this data we acknowledge that the inferences as to the impact of the knowl-
edge broker are somewhat limited, and further research in this regard will be needed.

Method

To address the aims of this study we focus on a knowledge broker employed by the Climate Adaptation Flagship at
the Commonwealth Scientific and Industrial Research Organisation (CSIRO), Australia’s largest research
organization, as a case study. We used an ego-centric cognitive social structure approach, whereby the network is
first bound by the knowledge broker’s interpretation of the network and second verified by actors within the network
(Hawe et al., 2004). Such approaches have previously been used successfully within the medical sector to evaluate
the temporal development of collaborative relationships, and the influence of such relationships on the uptake of
new biomedical discoveries into clinical practice (Long et al., 20106).

In this study there are four data sets, two quantitative and two qualitative. The quantitative data sets include the
knowledge broker’s ego-centric networks over time, and the ego networks of participants. The qualitative data sets
included the knowledge broker’s cognitive perceptions of the whole network, as well as a qualitative survey of the
knowledge broker’s effectiveness completed by network members from CSIRO. The method of data collection for
the four data sets will be described in the following section.

Social Network Analysis

An ego-centric analysis describes an individual’s network from the point of view of the individual (ego). This longi-
tudinal SNA of a knowledge broker was taken over a one-year period from the commencement of the role in 2012.
Network progress (i.e. new connections to the broker) was recorded in four different time periods (3 months,
6 months, 9 months and 12 months). Specifically, the knowledge broker recorded the name and role of each indi-
vidual with whom they interacted during this period. At the end of the 12-month period a total of 192 individuals
were part of the knowledge broker’s network.

Aside from the knowledge broker’s identification of persons who became part of his ego network for each
3-month interval over the 12-month period, the knowledge broker also identified connections between all other
nodes, reflecting how he perceived the whole network to be structured and creating a cognitive social network. A
subset of the 192 individuals who were part of the knowledge broker’s ego network and cognitive social structure
survey were invited to also identify their connections to others in the network, in order to check and validate the
knowledge broker’s perceptions of the connections between other contacts in the network. As these contacts were
both internal and external to the home organization of the knowledge broker, in this instance purposive sampling
was employed and internal contacts were invited to participate within this survey. From this sample, a total of
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16% (31) of the network responded to this survey; however, only 29 of these responses were usable due to miss-
ing data. As the response rate was less than 50%, a whole network approach was not possible. Instead, a sym-
metric matrix of 192 rows and 192 columns with every member was developed, including the responses from
29 participants and the knowledge broker, with the remainder for the rows having nil values. This matrix
was then compared with the knowledge broker’s cognitive social network for analysis (Wasserman and
Faust, 1994).

It is important to note that the network in each time period changed, as it was a dynamic network with members
coming and going, hence it was not possible to quantitatively compare these networks directly. This is because social
networks of different persons inherently have different ties. Therefore, in order to explore similarities between net-
works over time, all members included in the ego network at the 12-month time point were included in each time
period as inactive nodes if they were not already present in the network.

The quantitative network information was supplemented with qualitative information about the ‘quality or
strength’ of each of the interactions at the end of every three-month period. The knowledge broker ranked the inter-
actions between himself and individuals in the network as being either weak, moderate or strong, and recorded any
perceived change. In doing so, this ranking does not follow the definition of weak ties provided by Granovetter
(1973), but instead is a qualitative judgement from the knowledge broker regarding how strong he felt his relation-
ship was with each node of the network.

Using the qualitative data on the knowledge broker’s perception of the strength of the interactions, we were also
able to conduct a cognitive social network analysis. A cognitive social network analysis is the study of how other ac-
tors perceive the dynamics in their networks (in this case the strength of the interaction) and act accordingly
(Krackhardt, 1987; Houghton et al., 2015). This approach allowed us to test the accuracy of the knowledge broker’s
own perception of the strength of the interactions (Borgatti et al., 2013) and how others in their network perceived
this interaction strength. Krackhardt (1987) found that individuals who were able to more accurately perceive their
network were able to have more directive influence than others. In this study we are also interested in how the
knowledge broker’s perception of interaction strength is reflected in a quantitative analysis of bridging and bonding
ties in the network.

In general, the collection of cognitive social network data is difficult to obtain. In cases where the bounded net-
work is reasonably large, the task may be virtually impossible, but relatively small networks (N < 50) have provided
useful insights in many studies of social and organizational phenomena (e.g. Noel et al., 1979; Kilduff and Tsai,
2003). Therefore, this study provided us with the opportunity to have the knowledge broker reflect upon the ties be-
tween actors, on a consistent basis over time, providing us with the rich data needed to understand his perceptions
of all ties.

To undertake the SNA within this study we utilize UCINET®), a program specifically developed by Analytics
Technologies for analysing social networks. We used Cytoscape to draw the network figures due to the flexibility
in the graphics component. Using UCINET we calculated values for network cohesion, which included, but were
not limited to, average degree, average distance, closure, components (number of cliques), density and fragmenta-
tion (Bodin and Prell, 2011; Borgatti and Halgin, 2011). These measures were included as they provide an under-
standing of how well connected different nodes/actors within a social network are to one another (Table 1), with a
range of evidence showing that cohesion is a key factor underpinning knowledge flow and exchange among the var-
ious nodes/actors within that networks (e.g. Turner et al., 2014; Cunningham et al., 2015). Thus, measures of cohe-
sion are most relevant to the aims of this study.

Ethical Considerations of Social Network Analysis

In utilizing this approach it is important to note that our research design identified and addressed the ethical chal-
lenges facing such a study due to the ethnographical nature of the data, to ensure that the identity and privacy of
study participants was protected (Bryman, 2012). To do this we utilized the principles highlighted by Borgatti and
Molina (2003), specifically related to the collection, analysis and storage of the data. As such, the research team
had clearly structured timelines on how and when data would be attained; alerted participants to the ethnographical
nature of the study as well as providing information on how the data would be stored, used and reported; had stated
protocols for data handling and storage; allocated analysis to a team member not directly reporting to the research
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Cohesion Definition

measure

Degree Degree is the sum of all actors who are directly connected to the ego (i.e. the knowledge broker). The greater the
number of direct ties between actors and the ego, the greater the degree of centrality.

Density Density is defined as the total number of relational ties divided by the total possible number of relational ties.

Typically, the greater the density of the network the more likely it is that knowledge will flow through the network.
However, it is important to note that very dense networks can also have adverse effects, in that such networks can
entrench particular value systems and/or norms.

Components Components refers to the number of cliques that are present within a social network. In this regard, a clique is a
subgroup of actors who are all directly connected to one another, but no additional network member exists who is
connected to all members of the subgroup.

Fragmentation Fragmentation is defined as the number of mutually reachable nodes as each node is removed from the network. Thus,
networks with lower fragmentation values show greater resilience to the removal of actors from the network, for
example allowing knowledge to continue to flow throughout the network even when key players are removed.

Distance Distance between two actors in a network is calculated by summing the number of distinct ties that exist between
them. Thus, the shorter the distance between two actors, the more likely it is that knowledge will flow between
them.

Centrality Centrality identifies the most prominent actors within a network, that is, those who are extensively involved in

relationships with other network members. Thus, actors who are more central within a network are considered to be
most influential (i.e. the key players).

Closure Closure is the number of possible triplets divided by 2.
Dyads Dyads are connections between two individuals within the network.
Triads Triads are connections between three people within the network.

Table 1. Definition of cohesion measures used in SNA (based on Hawe et al., 2004)

subject and obtained ethical clearance from an independent committee in order to ensure our research was in line
with Australian ethical practice.

Qualitative Survey of CSIRO Scientists

Further to the SNA, to better understand the extent to which a knowledge broker can facilitate knowledge exchange
among scientists and decision-makers we also developed an online qualitative survey, which was distributed at the
12-month point to internal CSIRO research scientists who were part of the knowledge broker’s network. As outlined
earlier, limited resources prevented us from being able to also implement this survey with decision-makers within
the knowledge brokers network. The survey was comprised of three questions:

1. Do you believe that having a knowledge broker employed in the Climate Adaptation Flagship has added benefit to
the Flagship, and why/why not?

2. Do you believe that having a knowledge broker employed by the Climate Adaptation Flagship has benefited you
personally, and why/why not?

3. Based on your experience working with the Climate Adaptation Flagship knowledge broker, do you believe
that knowledge brokers can improve the transfer and uptake of scientific information to end-users, and
why/why not?

For each of the questions the participants were required to answer either ‘yes’, ‘no’ or ‘I'm not sure’, and were
also provided with a text box to provide an explanation for their response. All responses were transferred into an Ex-
cel spreadsheet, coded against the key themes of the questions outlined above and analysed (Bryman, 2012). In total,
29 internal CSIRO research scientists who were also members of the knowledge broker’s network completed this
survey.
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Results

Ego-Network Analysis

Across the 12-month period, which formed the basis of this study, the knowledge broker’s network grew to include
192 actors. As may be expected, this growth was fastest at the commencement of the position, with the network con-
taining 88 entities after three months, 140 after six months, 181 after nine months and 192 after 12 months of op-
eration. These individuals spanned over 30 national and international organizations, including commonwealth and
state government agencies, natural resource management groups, universities and research institutions, commu-
nity groups and the private sector. Furthermore, only 46% of individuals were internal to the knowledge broker’s
home institution, demonstrating the dominant end-user focus of these roles.

The SNA provides important insights (see Table 2) into the development of this network over time, demonstrat-
ing that over the 12-month period the network became more cohesive and dense. Specifically, the density of the
knowledge broker’s network increased from o.05 after three months in the position to 0.108 after 12 months. This
means that the potential number of connections in the network increased by 5% (if every person in the network was
connected to every other person in the network, the density would be equal to one).

Similarly, the SNA showed that the individual network components’ value decreased from 106 after three
months in the role to 5 after 12 months in the role. That is, over time the knowledge broker’s network became more
cohesive, as actors within the networks formed new ties with others in the network. Furthermore, the average dis-
tance between two people in the network increased over time from 1.926 to 2.308 (which is a relatively small in-
crease nevertheless), most likely as a consequence of the increase in the size of the network (i.e., the number of
nodes increases from 88 to 192 — Table 2). This means that, as well as the network being larger and more cohesive,
most people also gained new connections with other people in the network aside from the knowledge broker.

Based on the ego network, strength of ties increased across the 12-month period as the knowledge broker’s relation-
ships with internal and external stakeholders grew (Figure 1). Strength of tie is a key element for ease of cooperation
and work efficiency when collaborating both intra- and inter-organizationally, and as such this finding illustrates the
knowledge broker’s ability to connect people within his network to facilitate the two-way exchange of knowledge. Un-
surprisingly, this also translates to each individual, or node, within the knowledge broker’s network increasing their
average number of connections over time from 10.1 connections after three months to 20.5 after 12 months.

The change in the quality of the connections was assessed by the knowledge broker himself, over the 12-month
period (shown graphically in Figure 2). Approximately 12% of connections started off as strong and remained so for
the duration of the study. Approximately 58% of connections were weak at the start of the study and remained so for
the 12-month duration, while 36% of connections increased in strength from either weak to moderate or strong, or
from moderate to strong, over the 12-month period.

Cognitive Social Network Analysis

We adopted the partial-consensus method in determining the ‘true’ network in which to compare the perceptions of
the knowledge broker. This approach takes into account the perceptions of not just two nodes but almost all those in

3 months 6 months 9 months 12 months
Number of individuals (nodes) 88 140 181 192
Average degree 10.136 14.827 19.021 20.482
Density 0.053 0.078 01 0.108
Components 106 55 16 S
Fragmentation 0.796 0.483 0.146 0.036
Average distance 1.926 2.178 235 2.308

Table 2. Cohesion measures for the knowledge broker ego network compared in four time periods
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Figure 1. Knowledge broker ego network comparing the 3-month and 12-month time periods. N1 indicates knowledge broker. White
nodes indicate CSIRO employees while grey nodes indicate external stakeholders

the network. Due to not achieving full consensus data, with only 29 (15%) of the 192 nodes surveyed, we can only
use this subsample to represent consensus.

From a centrality perspective (Table 3), the knowledge broker perceived himself to be highly connected, with an
indegree centrality measure much larger than what was reflected by the partial-consensus network (KB, 0.495; PC,
0.099). The outdegree centrality figure was more closely aligned, demonstrating that the network members re-
ported similar, although greater, numbers of outgoing ties (KB, 0.521; PC, 0.956). There is a considerable difference
between the number of ties of each node reported by the knowledge broker compared to the rest of the network (av-
erage degree KB, 20; PC, 9), which is likely driven by the low response rate.

In regards to the perceptions of connectedness (Table 3), the knowledge broker self-assessed as being connected
to all nodes (KB, 1) (Figure 2), which is not surprising since this is an ego network. However, the true network does
not suggest the knowledge broker to be as highly connected as he perceives himself to be (PC, o.151). This result
reflects the similar findings above, related to centrality. In addition, the knowledge broker does not recognize any
fragmentation (KB, 0.036), compared with the minor recognition from the partial consensus (PC, 0.849), and per-
ceives cohesion to be higher (KB, 11.7%) than the true network (PC, 4.9%).

Using reciprocity (KB, 0.690; PC, 0.140), transitivity (KB, o.501; PC, 0.569) and closure (KB, 0.444; PC, 0.357)
as measures of the network’s structure, observations can be made regarding the consistency of the triad value and
the increasing value for the dyads (Table 3). For example, a change in the value of the triads is of interest in this
study, as they indicate where the knowledge broker facilitated closure between two other individuals within his net-
work. Results show that the greatest difference is reflected at the dyad level, but this, once again, could be reflective
of the low response rate of all network members or because participants were not in a position to assess the knowl-
edge broker’s relationship with other individuals in the network. At the triad level there is greater agreement on the
relationships between nodes. This implies that the knowledge broker has a good understanding of the connections
between clusters of people within the network and how they interact.

Overall, this analysis shows that the knowledge broker perceived himself to be highly central and well connected
within a moderately dense network in which he played a significant bridging and bonding role between known
groups of people. The true network reflects that the knowledge broker is highly perceptive when it comes to know-
ing ‘who is connected to whom’, which serves him well when working in a bridging capacity. This is reflected in the
average distance result, which show strong agreement between the knowledge broker (KB, 2.308) and the true net-
work (PC, 1.679).
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Figure 2. Change in the strength of relationship between nodes within the network as assessed by the knowledge broker. Dark grey in-
dicates that there is an increase in the strength of relationship over time, whereas light grey indicates that the relationship is moderate or
strong but does not change over time. White nodes represent a weak relationship that does not change over time. The knowledge broker
is shown in black

Perceptions of the Effectiveness of a Knowledge Broker

When asked ‘Do you believe that having a knowledge broker employed in the Climate Adaptation Flagship has
added benefit to the Flagship?’, 73% of participants answered ‘yes’ (n = 21), with 24% and 3% answering ‘I'm not
sure’ and ‘no’ respectively. Of those that voted ‘yes’, 12 individuals stated that the primary reason for their response
was the ability of the knowledge broker to build better connections with and among key stakeholders, which led to
the improved diffusion of knowledge and better science outcomes. Furthermore, several participants also stated
that, via the knowledge broker, they had developed a more comprehensive understanding of the research needs
of various stakeholders, leading to improved and targeted delivery of new information. In turn, two participants also
noted that the improved understanding of stakeholder needs led to the Flagship becoming more competitive when
applying for research funding.

Similarly, when asked ‘Do you believe that having a knowledge broker employed by the Climate Adaptation Flag-
ship has benefited you personally?’, 62% (n = 18) of participants stated ‘yes’, with 21% and 17% answering ‘I'm not
sure’ and ‘no’ respectively. Most participants identified the ability of the knowledge broker to help their individual
networks to develop as the primary reason for their response. Furthermore, several participants also described how
the knowledge broker was able to provide guidance and training on stakeholder engagement to help improve the
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Network measures Knowledge broker (KB) Partial consensus (PC; N = 29 respondents)

How central are the nodes?

In-degree centrality 0.495 0.099
Out-degree centrality 0.521 0.956
Average degree 20.482 9.271
How connected is the network?
Connectedness 0.964 0.151
Fragmentation 0.036 0.849
Density 0.108 0.049
Average distance 2.308 1.679
Standard deviation distance 0.752 0.467
What is the structure of the network’s ties?
Dyad reciprocity 0.690 0.140
Triad transitivity 0.501 0.569
Closure 0.444 0.357

Table 3. Comparison of perceptions of the network

individual ability of researchers to engage more effectively (e.g. workshop strategies, social media training etc.). For
example, as stated by one participant, ‘(the knowledge broker) has introduced me to new networks, facilitated net-
works for me and discussed (options) for new networks. He has helped with communication weaknesses and stim-
ulated discussion about knowledge transfer’. Similarly, another participant stated ‘(the knowledge broker) has
shaped the way that I communicate with stakeholders as well as providing me with insight into the inner workings
of other organizations and their political situations’. Building on the above, when asked ‘Based on your experience
working with the Climate Adaptation Flagship knowledge broker, do you believe that knowledge brokers can im-
prove the transfer and uptake of scientific information to end-users?’, 69% (n = 20) of participants stated ‘yes’, with
28% and 3% answering ‘I'm not sure’ and ‘no’ respectively.

Discussion

Key Findings and Implications

In response to the growing urgency and complexity of environmental problems, numerous authors have advocated
the use of knowledge brokers to improve knowledge exchange between scientists and decision-makers, thus enhanc-
ing the likelihood of evidence-based decision-making (e.g. Cvitanovic et al., 2014b; Hering, 2015; Lacey et al., 2015).
Despite this growing rhetoric, however, very little empirical evidence in support of these roles exists, largely due to
the lack of established methods to evaluate the effectiveness and efficiency of knowledge brokers, or the types of
activities they undertake (but see Fazey et al., 2014). The present study addresses this gap by testing the utility of
longitudinal social network analysis to evaluate the extent to which a knowledge broker developed relationships with
and between producers and users of climate knowledge to enhance the uptake and impact of scientific outputs to
inform decision-making processes. In doing so, we not only demonstrate the value of this method for evaluating
and monitoring knowledge brokers, but also provide empirical support for the use of knowledge brokers.

In the broadest sense, knowledge brokerage has been defined as the full suite of activities required to link
decision-makers with researchers, facilitating their interaction so that they are better able to understand each other’s
goals and professional cultures, influence each other’s work, forge new partnerships and promote evidence-based
decision-making (Lomas, 2007). Knowledge brokers are agents who support this agenda by facilitating interaction
and engagement among researchers and end-users to enhance knowledge exchange, enable the use of scientific
knowledge in decision-making processes and strengthen research impact (reviewed by Knight and Lightowler,
2013). Underpinning this is the extent to which knowledge brokers can build and sustain productive working
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relationships with a range of both internal (researchers) and external (end-users) stakeholders. In the present study,
the knowledge broker successfully developed an extensive stakeholder network of almost 200 individuals spanning
30 organizations within only 12 months. More importantly, the results of the SNA found that across the 12-month
period this network increased in density and became more cohesive, both thought to be key elements underpinning
successful knowledge exchange in the pursuit of evidence-based decision-making (Crona and Bodin, 2000).

While on their own the results of the SNA to do not demonstrate an increased uptake of scientific evidence into
decision-making processes, they do offer promise for the enhanced governance of natural resources. For example,
in recent times an expanding body of literature has identified the existence of social networks as a common and im-
portant factor in cases where different stakeholders have come together to deal effectively with natural resource
problems (Bodin and Crona, 2009; Sandstrom et al., 2014). Indeed, it has been shown in some cases that social net-
works can be more important than the existence of formal institutions for the effective management of environmen-
tal assets (Scholz and Wang, 2006). This is because strong social networks have been shown to improve
collaborative governance processes by facilitating the generation, acquisition and diffusion of different types of
knowledge and information in relation to the ecosystem of concern (Crona and Bodin, 20006). This is supported
by the results of this study, with the majority of respondents of the qualitative survey stating that the establishment
of social networks by the knowledge broker led to improved knowledge exchange and better science outcomes. As a
result, it is inferred that through the formation of this network the knowledge broker has improved the impact of
scientific outputs and contributed towards improved resource governance.

Further to the establishment of new networks, researchers who took part in the qualitative survey also identified
that the knowledge broker was able to have a positive impact by improving their understanding of the information
needs of different stakeholders and their effectiveness in engaging with them. This included helping researchers to
understand the operating environments within decision-making agencies, in turn leading to the implementation of
improved and more targeted engagement and knowledge exchange processes. This is considered particularly impor-
tant in situations where decisions are made within organizations where decision-making processes are constrained
by resources, regulations or perceptions (Jacobs et al., 2005; Jantarasami et al., 2010). Furthermore, these findings
are significant in light of evidence that a key barrier undermining knowledge exchange between scientists and
decision-makers is a lack of awareness among scientists regarding the information needs of decision-makers
(Cvitanovic et al., 20153; Dunn et al., 2015), which is often attributed to decision-makers not clearly or effectively ar-
ticulating knowledge needs (Roux et al., 2006). Thus these results provide evidence that knowledge brokers can help
overcome cultural and institutional barriers between scientists and decisions-makers to promote two-way knowledge
exchange between these groups. As a downstream impact of this, two respondents also noted that this increased
awareness of research needs in combination with improved knowledge exchanged led to the increased funding suc-
cess of research proposals.

Despite the benefits outlined above, knowledge brokers are not routinely implemented in the environmental and
resource management sectors. This may, in part, arise from the lack of evidence in support of these roles, particu-
larly given the significant transaction costs that can be associated with their implementation (see, e.g., Cash et al.,
20006; Buizer et al., 2010; Jacobs, 2014). This is compounded by knowledge brokers often not being recognized
as core positions within research institutions or decision-making agencies, and thus when resources are limited, in-
vestment is focused towards research activities as opposed to those associated with stakeholder engagement and
knowledge brokering (Boschetti et al., 2016). From the results of this study, however, we suggest that when
implemented efficiently knowledge brokers can provide an effective return on investment in numerous ways
(Hering, 2015).

Drawing on the knowledge broker literature from other sectors (primarily the medical and education sectors), key
insights regarding the factors contributing to the effective implementation of knowledge brokers can be gleaned. In
particular, given the significant time needed to develop an expansive stakeholder network built on mutual trust
(Meadow et al., 20106), and then connect actors within this network to facilitate knowledge exchange (Jacobs et al.,
2010), knowledge brokers should be implemented as part of a long-term organizational strategy rather than as part
of a specific short-term project (Dobbins et al., 2009). Doing so allows for the full development of the relationship
among actors within the network, which will strengthen over time, thus improving the likely uptake of scientific
knowledge into decision-making processes. This, however, is seldom the case, with evidence from the education
sector showing that knowledge broker roles are typically dependent upon project-based funding. Accordingly,
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institutional innovation among research organizations is required to better support the implementation of knowl-
edge brokers and other forms of stakeholder engagement as part of a long-term funded engagement strategy (Reed,
2008; Lacey et al., 2015). This must also include clear career pathways to support their development (Knight and
Lightowler, 2013).

Study Limitations and Future Research Needs

While the results of this study support the use of SNA to monitor and assess the impact of knowledge brokers, there
are several limitations to our approach that should be corrected in future studies to build on the data presented here.
First, while our results do suggest that knowledge brokers can enhance knowledge exchange among scientists and
decision-makers in the environmental sector, it is important to note that these inferences are drawn from a single
case study (i.e., n = 1). As such, care must be taken not to overinterpret these findings, and we suggest that future
research could apply the methods described in this study more broadly to a range of knowledge brokerage settings to
develop a systematic and more grounded evidence base regarding the potential benefits of using knowledge brokers.

Building on the above, and as illustrated via the cognitive network analysis, the ability to draw generalized con-
clusions in cases where low response rates are received from the total number of network members is limited.
Therefore, future studies utilizing this methodology should seek to achieve a full consensus network to ensure that
more accurate conclusions regarding the impact of the knowledge broker can be drawn. Achieving a full consensus,
however, is more resource intensive and should be planned for at the onset of future research.

Furthermore, while the results of the SNA do demonstrate the extent to which knowledge brokers can connect
producers and users of environmental science, they do not demonstrate an increased uptake of scientific evidence
into decision-making processes. While this evidence of uptake may have been documented by undertaking qualita-
tive interviews with the decision-makers within the knowledge brokers network, resource limitations prevented this
from occurring in this case. As such, future studies seeking to evaluate the effectiveness of knowledge brokers in
linking science to action should ensure that steps are taken to elucidate the extent to which the connections devel-
oped by the knowledge broker led to increased knowledge exchange and enhanced capacity for evidence-based
decision-making.

Finally, future research is also needed to identify the core capacities that are needed to ensure the success of
knowledge brokers (Cvitanovic et al., 2016). In this regard, ‘capacities’ is defined as both the capabilities to act,
and the competences required to do so (Franks, 1999), and include the individual, social, political, material, techni-
cal, practical and financial elements required to support knowledge exchange and evidenced-based decision-making
(Eade, 2007). Developing a comprehensive understanding of the capacities required to underpin successful knowl-
edge brokering could be achieved via more in-depth qualitative evaluations of knowledge brokers and the activities
they perform, and should be the focus of future studies.

Conclusions

In the pursuit of evidence-based decision-making in response to modern day environmental challenges, a growing
body of literature advocates for the use of knowledge brokers as one mechanism to improve knowledge exchange
among scientists and decision-makers. Despite this growing rhetoric, however, very little empirical evidence in sup-
port of these roles exists, largely due to the lack of established methods to evaluate the effectiveness and efficiency of
knowledge brokers, or the types of activities they undertake. In this study we make progress towards addressing this
gap by testing the utility of social network analysis to monitor and evaluate the effectiveness of knowledge brokers in
connecting scientists and decision-makers. In doing so, we demonstrate the potential value of this method for eval-
uating and monitoring knowledge brokers, but highlight a range of limitations in our approach that should be ad-
dressed in future studies.

The findings in the present study provide initial empirical support for the use of knowledge brokers in the envi-
ronmental sector. Specifically, we demonstrate that when implemented efficiently knowledge brokers have the abil-
ity to develop relationships and networks with, among and between producers and users of knowledge to facilitate
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the exchange of knowledge throughout this network and build capacity for evidence-based decision-making. We also
show that knowledge brokers can have a range of positive impacts on research organizations, for example by helping
researchers understand the operating environments within decision-making agencies, in turn leading to the imple-
mentation of improved and more targeted engagement and knowledge exchange processes. Thus, when imple-
mented efficiently, our results suggest that knowledge brokers have the ability to facilitate organizational change
by (1) partly removing barriers to evidence-based decision-making, (2) promoting a culture that values the use of
the best available science in policy and practice and (3) influencing science so that it is appropriate to stakeholder
needs.
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