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Abstract: Collaborative approaches are being promoted as inclusive forums for bringing state
and non-state interests together to solve complex environmental problems. Networks have been
recognized through previous research as important ways to involve stakeholders in such forums
with members participating in knowledge creation and sharing as part of deliberative processes.
Less well understood is the effectiveness of network creation and promotion by external actors,
especially in relation to knowledge creation and sharing. A case study approach was used to evaluate
the efforts of a farm organization to organize a provincially-cohesive network of locally-elected
agricultural representatives in Ontario, Canada. Network structure and function were evaluated
using a combination of participant observation and Social Network Analysis as part of a mixed
methods research approach. The results indicate that stakeholder network development can be
actively supported, and that knowledge creation and sharing in these networks occurs within a
complex structure of local and provincial-scale relationships.

Keywords: agriculture; collaborative problem-solving; mixed methods research; participant
observation; social network analysis; stakeholder networks; vernacular knowledge

1. Introduction

Collaboration has emerged as an important strategy in numerous settings where multiple actors
share responsibility for, or an interest in, resolving common problems. Hence, researchers from a
host of fields are studying real-world collaborative processes. Examples of fields where collaboration
is receiving attention include public administration [1,2], planning [3], environmental management
and governance [4,5], and water management [6], to name a few. Given these differing perspectives,
definitions of collaboration vary considerably. In this paper, we define collaboration as an approach to
environmental problem-solving characterized by voluntary participation, collective decision making
based on consensus, long-term relationships among parties, sharing and pooling of resources, and a
commitment to deliberation. These characteristics have both normative and empirical dimensions:
normative because many in the collaboration literature view qualities such as deliberation as positive
and beneficial (e.g., [3]); and empirical because evaluations of successful collaborations reveal these
qualities as indicators of successful collaboration (e.g., [7]).

A commitment to deliberation is important because collaborative forums are often formed in
situations where the concerns of the broader community must be considered. These approaches
are important in situations where no single actor has all the knowledge required for resolving
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complex problems, such as those that involve the environment and risk [4,8,9]. Collaboration is
a highly relational process. As a result, concerns such as the co-production of knowledge, building of
trust [10–12], and the negotiation of vernacular knowledge [8,13,14] are prominent in collaboration
scholarship. Social networks support all of these aims [15,16] and are thus highly complementary to
collaborative processes.

Social networks, composed of inter-dependent members representing state and non-state
interests [17], promote communication and encourage cooperation between members concerning
issues that span vertical and horizontal scales and cross administrative, physiographic, and political
boundaries [18,19]. The deliberation and negotiation of complex problems within social networks
can result in the sharing of multiple knowledges [17,20], which supports collective learning and the
development of knowledge and expertise [21].

The ability of non-state actors to participate effectively in the creation and sharing of knowledge
is a particularly important concern in collaborative processes [3,22]. Benefits of collaborative
processes, their proponents suggest, include providing forums that lead to more inclusive and robust
problem-solving [10,12]. Such an inclusive approach supports the interaction of non-state actors,
scientists, and state actors to co-produce knowledge [8,10,11]. The outcome of this process can be
‘vernacular’ knowledge or science that integrates expert science and local knowledge with community
beliefs and values [23,24] through the discussion of problems and the negotiation of solutions [8,13,14].

Diverse stakeholders increasingly are being asked to participate in collaborative processes
formed to address environmental concerns because the involvement of these people is critical for
problem-solving processes and to establish legitimacy [3,22]. A common example is the involvement
of non-state actors in watershed partnerships in Australia, Europe, and North America at different
scales in order to help negotiate and implement solutions for managing natural resources through
collaborative efforts [9,25,26]. In some of these processes, participants are embedded in larger social
networks [27]. While empirical evidence exists supporting the claim that social networks assist with
the creation and sharing of knowledge, less well understood is the extent to which collaborative
processes can be strengthened through the direct contribution of knowledge by network members
who have been deliberately embedded in those processes.

Using social network analysis (SNA), the social ties between network members can be mapped,
as can the knowledge that is embedded in, and flows through, the social ties that connect
them [20,28,29]. SNA is being used increasingly to help understand the structure and function of
these networks and to measure how they influence the creation and sharing of knowledge [15,29].
Traditional quantitative approaches to SNA are currently being augmented with qualitative data that
are used in a complementary fashion [30,31]. These approaches are being used to better understand
how knowledge sharing within a network can help build shared values, promote social learning, build
social capital, and lead to innovation [32,33].

In this paper, the Province of Ontario, Canada provides an empirical setting for evaluating the
structure and function of a deliberately created network of locally elected farmers whose development
was supported by a key provincial farm organization involved in collaborative processes for protecting
drinking water sources. In Ontario, the farm community functions as a provincial-scale network [34,35].
Using a mixed methods research approach involving participant observation and SNA, the ability
of a provincial farm organization to organize a group of locally elected farmer representatives into a
cohesive network, and the ability of that group to co-produce vernacular knowledge, were evaluated.
The paper begins with an overview of the literature related to the role of stakeholder networks
in collaborative problem-solving. The case study background and methods are then described.
Study results are then presented, along with the discussion of the research findings in the context of
the literature. Finally, conclusions for research and practice are shared.
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Collaborative Approaches to Environmental Problem-Solving

Collaborative approaches are built around formal and informal forums that typically are designed
to ensure that the concerns of affected actors are considered. These approaches are important because
the knowledge possessed by different interests often is required for developing solutions to complex
problems [4,8,9]. The literature indicates that collaborative approaches have several benefits. First,
collaboration can encourage the co-production of knowledge involving scientists, along with state
and non-state actors, through the sharing and integration of scientific and local knowledge, and the
discussion of beliefs and value-based issues [10,11,36,37]. Second, collaboration can nurture the
development of relationships, trust, accountability, legitimacy, reciprocity, common rules, shared
values, and a sense of inclusion and empowerment [10,11,38]. Collaborative processes, proponents
suggest, also improve problem-solving capacity when they incorporate local perspectives that promote
robust outcomes through the co-production of knowledge [10,12]. Finally, the integration of expert
science, local knowledge, and beliefs and values within collaborative processes can produce vernacular
knowledge. Vernacular knowledge is the outcome of a process where environmental problems are
deliberated and solutions are negotiated by stakeholders [8,13,14]. The co-production of vernacular
knowledge is important because it encourages greater participation by engaging the community in
the negotiation and implementation of solutions to complex problems [8,38,39]. Ideally, this involves
the community in developing a broadly accepted and locally relevant knowledge that will form
the foundation for tackling complex problems [8,36,39]. This has the potential to help mitigate
power differentials among actors by encouraging reasoned debate and negotiation of value-based
issues [3,40,41]. Importantly, however, it would be naïve to believe that knowledge co-production
through collaboration can eliminate the fundamental power imbalances that frequently exist in
collaborative processes [42].

There is growing recognition that networks can support collaborative approaches to
problem-solving [15,22,27]. This support can help network members to overcome challenges and
to innovate more quickly—within and between networks—than those who are not connected to
a network [32,33]. It typically takes three forms. First, networks can support the development of
relatively close relationships grounded in shared beliefs and values by helping network members
to form well integrated and cohesive networks, and by encouraging bridging between members of
diverse groups [22,43]. Second, knowledge sharing within and between networks can help to challenge
or reinforce existing positions [44] and may facilitate the sharing of expert science, local knowledge,
and community values and beliefs [22]. Finally, networks can encourage the creation of vernacular
knowledge by providing a setting for the deliberation of problems and the negotiation of solutions
during the problem-solving process [8,13,14].

Three aspects of networks are less well understood. First, what circumstances and
factors—internal and external—influence the formation and function of stakeholder networks [45,46]?
Second, do networks adopt the characteristics of successful collaborative approaches outlined above
when problem-solving? For instance, does the problem-solving process within a network promote the
integration of new and existing ideas and information with the beliefs and values of members [46,47]?
Third, how does the structure and function of a network contribute to the creation and sharing of
vernacular knowledge in a collaborative manner [32,33]?

2. Materials and Methods

A mixed methods research (MMR) approach was used to combine data collected using different
research methods within a single case study. MMR is an inclusive and pragmatic approach that
encourages a systematic use of different research methods that share the same research question,
collecting data that are complementary, and conducting data analysis in a coordinated manner [48].
This approach is inclusive and pragmatic because data collected using different research methods
can be used in an integrated fashion, which is difficult to do with studies that are strictly qualitative
or quantitative. Although the different types of data were collected at different times, all data were
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given equal priority and were evaluated and analyzed concurrently. This concurrent triangulation
approach to MMR emphasizes confirming, cross-validating, and corroborating findings collected using
the different methods as part of a single study [49]. Triangulation supports the interpretation of data
and development of conclusions using quantitative and qualitative data collected by different methods
in a manner that promotes comprehensiveness, increased credibility, and encouraged reliability, and
demonstrates validity of the research process and its findings [50,51].

2.1. Case Study Setting

Source water protection became part of the water governance landscape in Ontario following
the Walkerton Tragedy in May 2000. Seven people died and several thousand became ill when an
extreme storm event flushed contaminants into an improperly maintained and operated municipal
water supply [52]. Justice Dennis O’Connor investigated the causes of the tragedy, and made
recommendations to ensure the safety of water supply systems in Ontario. These were structured
around a five-part multi-barrier approach [53]. The first barrier includes the development of source
protection plans (SPPs) at a watershed (catchment) scale. The Province of Ontario responded in 2006
by implementing the Clean Water Act, 2006, which created a system of nineteen watershed-based
Source Protection Committees (SPCs) that were charged with preparing local SPPs (OMOE 2008).
Each SPC has a mandated structure and timeline, overseen by a local Source Protection Authority (SPA),
with one-third of the members representing, respectively, municipal, business, and public interests
within the watershed [54]. These committees function in a manner consistent with the attributes of
collaboration outlined above.

Farmers are key actors in source protection planning in Ontario. They comprise two percent of
the overall population, but own or rent approximately 33 percent of the land in southern Ontario [55].
Agriculture in southern Ontario occurs alongside urban areas, and exists in the watersheds that serve
the urban populations that will be protected by source protection planning. As a result, between one
and three member(s) of the SPC were mandated by the provincial government to be representatives
of agriculture in each catchment where agriculture was deemed to be a significant local land use
activity. Farm organizations expressed support for the concept of source water protection from the
outset; they initiated a process to participate in the SPP process, and to promote consistency among
forthcoming SPPs and existing programs that promote economically and environmentally sustainable
farming [56]. To coordinate farm sector efforts, the Ontario Farm Environmental Coalition (OFEC),
which represents 37 farm and commodity organizations concerned with agri-environmental matters,
established a working group. The working group includes staff from four major farm organizations,
and two program staff from the Ontario Ministry of Agriculture, Food, and Rural Affairs (OMAFRA)
with technical expertise involving extension education and source water protection. OMAFRA staff
members, including the first author, participated in the working group at the invitation of OFEC and
with the support of their Deputy Minister.

The working group recognized the importance of preparing the agricultural representatives to
take an active role in the SPP multi-stakeholder problem-solving process. Its members agreed that
an important role of agricultural representatives was to educate the largely urban membership of
SPCs by sharing agricultural science and local farmer knowledge during the SPP problem-solving
processes. This, they believed, would help SPC members to recognize that protecting municipal
drinking water sources and promoting economically and environmentally sustainable agriculture
can be complementary objectives. To increase the legitimacy of agricultural representatives, OFEC
and the County Federations of Agriculture organized elections. Under the Clean Water Act, SPAs
were authorized to select their members. However, in recognition of the democratic process used,
34 of the 37 agricultural representatives elected by the local farm community were appointed to
15 of the 16 SPCs with agricultural members.

The working group supported the agricultural representatives in three ways. First, agricultural
representatives were brought together by OFEC at a series of workshops where they could engage in
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social learning and integrate agricultural and environmental science, their local knowledge, and their
beliefs and values. The goal was to consolidate vernacular knowledge that could be shared with
SPC colleagues. Second, agricultural representatives were encouraged to develop a network within
which they could share ideas and provide emotional and technical support to each other outside of the
formal workshop setting through discussions in person, by telephone, and using the internet. Third,
ongoing technical assistance was provided to the agricultural representatives through telephone and
email discussions, and by delivering presentations at individual SPC meetings where requested.

The six OFEC workshops involved a combination of formal and informal learning opportunities,
and included presentations by a farm organization and OMAFRA staff, as well as external academic,
consultant, municipal, and provincial government technical experts. Each meeting also included
a facilitated discussion involving the agricultural representatives and Ontario Ministry of the
Environment (OMOE) senior management representatives. The workshops were supplemented
with frequent teleconferences and online discussion sessions. Collectively, these activities augmented
the existing agricultural network that existed in Ontario.

2.2. Social Network Analysis

Human communities comprise a series of overlapping social networks, within which members are
connected by relational ties. Knowledge flows, and is shared, through these ties [20,31]. The movement
of knowledge within and between networks is related to the “strength of ties” between different
actors in a network [29,31,57]. Strong ties indicate bonds between network members that support the
sharing of information and advice, help build and maintain trust between members, allow members
to influence other members’ beliefs and values, and encourage two-way communication between
members [29,58]. Weak ties are formed by network members who bridge with disconnected or
dissimilar groups either within or outside their network. These members act as brokers by helping to
build trust and mutual understanding by sharing knowledge [59,60].

Strong and weak ties form a structure that can be mapped and analyzed to determine patterns,
both of the relationships between the actors and the knowledge they share, using methods that are
collectively known as social network analysis (SNA) [28]. SNA has been used to study the effectiveness
of processes such as knowledge sharing by evaluating network structures [15,61]. For instance,
SNA can be used to analyze the number of strong and weak ties in a network in order to better
understand how knowledge is created and shared within and between members. These concepts are
useful for explaining what is actually transpiring within a social network structure [31,62]. This kind
of analysis can identify network members who are influential in creating and sharing knowledge.

Centrality measures are an indicator of how central an actor is within a social network [63].
Specific centrality measures presented in Table 1 were used to evaluate the structure of a network
composed of agricultural representatives in order to identify influential members and to better
understand the potential for the creation and sharing of knowledge [28,60,64]. ‘Degree’ centrality
considers the immediate ties that a member has within a network and identifies central members who
act as brokers because other members seek their knowledge [28,60,64]. In directed networks, where the
direction of ties has been observed, degree centrality indicates a member’s role in knowledge-sharing.
Members with many ‘in-degree’ ties (high in-degree centrality) can be prestigious, or have high
prominence, because many other members seek and trust their knowledge [31]. A member with many
‘out-degree’ ties (high out-degree centrality) can be influential because he or she shares knowledge
with many other network members, along with perspectives on different issues [60,64].
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Table 1. Selected social network concepts and their importance in knowledge creation and sharing.

Concept Importance

Density
Members of highly dense networks are well connected with other members. High density structures
may form cohesive networks that encourage knowledge sharing and help build trust, common
norms and expectations.

Out-Degree
Centrality

Members with high out-degree centrality are highly influential because they are well connected and
influence problem-solving by sharing knowledge and views—quickly, where ties are strong.
These members tend to make contact and make connections with other members.

In-Degree
Centrality

Members with high in-degree centrality are highly prestigious or prominent, are important for
brokering knowledge, and can connect diverse segments of a network, especially where ties are
strong. These members tend to attract and make connections with other members.

Betweenness
Centrality

Members with high betweenness centrality are intermediaries that help link the network.
These actors share knowledge quickly and build redundancy.

Sources: [28,63,64].

‘Betweenness’ centrality reflects the number of times a member falls on the geodesic, or shortest
path, between two other members within a network [60,63,64]. A member with high betweenness
centrality can act independently across the network and has an ability to act as an intermediary and
help share knowledge efficiently to different parts of the network [28,63,64]. Members with high
betweenness centrality also have a high capacity to broker relationships, serving as the “movers-and
shakers” in the network [60]. Members with high betweenness centrality can also create bridges
between disconnected members or parts of the network, resulting in much of the knowledge in the
network to pass through them.

Data concerning the direction and strength of ties were collected using a standardized survey
questionnaire consisting of a single closed-ended question for determining the presence and
strength of relationships. Through this question, each agricultural representative was asked to
indicate how often he or she shared information with each of the other agricultural representatives.
The questionnaire was constructed using a five-point Likert-type scale format (Very Often or
Always, Often, Neither Often nor Seldom, Seldom, and Very Seldom). The questionnaire was
distributed at an OFEC workshop in May 2012, or by email to those who could not attend, and
was followed up with email and telephone reminders. All 37 agricultural representatives responded
to the questionnaire. Agricultural representatives who were never named in the responses were
distinguished from those who were. Response data were coded and then analyzed using SNA
software UCINET Version 6 [65]. Specifically, the ties were differentiated by strength and graphed
separately as follows: weak (tie strength = 1 or 2 out of 5); moderate (tie strength = 3 out of 5); and
strong (tie strength = 4 or 5 out of 5). This approach has been documented in the literature as a useful
way of identifying patterns within a network, such as finding cohesive sub-groups [63].

2.3. Participant Observation

Participant observation was conducted from 2007 to 2013 by the first author at six workshops
involving agricultural representatives. Additional contextual information was also collected by the first
author during meetings, and telephone and email discussions, during this time. Participant observation
added richness to the results, and allowed for collection of complementary evidence to corroborate
data collected through the survey questionnaire [66]. Participant observation enabled the first author
to listen actively to interchanges between members, and allowed for collecting information that helped
to explain or illustrate concepts that were identified during data collection. General concerns that
had been raised by the agricultural representatives were identified, and then classified according to
different themes that were presented and discussed concerning the creation and sharing of knowledge.
Crossley [31] observes that participant observation has several advantages: (1) the observer is able to
identify changes in the attitude of participants as the discussion on different topics progresses, and
how the group did or did not manage to collaborate to find a mutually acceptable solution to any
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disagreements that arose—something that could not be known by researchers who were not present;
and (2) the observer is able to identify and assess the importance of what Crossley [31] describes as the
“mechanisms of relationship formation” (page 20), such as the “identities, expectations, rituals, shared
feelings and meanings” that create a collective identity.

3. Results

The results in this section are used to evaluate the efforts of a provincial farm organization
to organize locally-selected members into a cohesive network, and to determine if the structure
of the resulting network was successful in promoting the co-production of vernacular knowledge.
The effectiveness of the network to share vernacular knowledge as part of the broader SPP process
is evaluated elsewhere [36]. It is important to remember that the structure and function of networks
evolve over time [31,45], and thus the results presented here represent the structure of the network
when the data were collected (2007 through 2013).

Figure 1a summarizes the pattern of all ties of different strengths between agricultural
representatives within the network. A visual inspection of the graph suggests that there are many ties
among network members. The network was analyzed using the SNA measure of density (Table 1),
which provided a measure of how well-connected the members were, as well as an indication of how
cohesive the network was during data collection [28,60,64]. A density score of 0.60 was calculated
for valued and directional data, indicating that 60% of the possible ties in the network were present.
This score suggests that, overall, the network was moderately cohesive, which allowed for the sharing
of beliefs and values [59], but possibly not so closed that new ideas could not be introduced and
discussed within the network as has been speculated in the literature [67].
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Participant observation during the workshops indicated that the agricultural representatives were
able to achieve agreement concerning the majority of issues in a constructive manner. Specifically,
a high level of engagement and agreement among the agricultural representatives was observed at the
workshops, and they appeared to hold similar views and beliefs on many key issues. This suggested
that the network was more cohesive than was indicated by the moderate density score. For instance,
when new issues were raised at the workshops, the agricultural representatives often reached consensus
quite quickly.

However, several more complex issues arose during the source protection planning process
that required several meetings for the different perspectives to be deliberated and for consensus
to be negotiated. Observations revealed that discussions were sometimes vigorous, with intense
questioning and debate of scientific and local knowledge shared by technical experts, agricultural
representatives, or OFEC working group members. However the process took place in a manner that
was respectful, and often with a sense of humour. Participant observation results suggested little
evidence of frustration with the process and outcomes of the OFEC. In contrast, a common concern
raised by the agricultural representatives was that the workshops were not long enough to discuss all
their concerns. This limitation contributed to more contentious issues being discussed and negotiated
during more than one workshop. The contradiction between the calculated density measure and the
highly cohesive behaviour that was observed suggested that the structure and function of the network
was complex. In order to better understand how the pattern of ties was affecting the structure and
function of the network, the ties were evaluated by different strength, having been differentiated and
graphed separately as follows: weak (tie strength = 1 or 2 out of 5) in Figure 1b; moderate (tie strength
= 3 out of 5) in Figure 1c; and, strong (tie strength = 4 or 5 out of 5) in Figure 1d.

Participant observation indicated that agricultural representatives often congregated with their
SPC colleagues—they travelled together, and often sat together, during formal and informal parts of
the workshops. Informal parts of the workshops—coffee and meal breaks—appeared to be particularly
valuable times for negotiating vernacular knowledge, as well as for comparing and contrasting
scientific knowledge gained during formal presentations with local knowledge, values, and beliefs.
An inspection of Figure 1d supported the results of participant observation. The analysis of survey
responses for the presence of strong ties between the members of the same SPC provided striking
results: four of the five (80%) of the SPCs with two members reported strong ties for all relationships,
and, for the eight SPCs with three members, five (63%) had reported strong ties and three (37%)
reported moderate-strength ties. The single two farmer member SPC that reported a weak tie had
recently experienced the replacement of an agricultural member. This suggested that the majority of
network members had bonded tightly and formed cohesive sub-groups [43,63]. This also suggested
that collaborative processes may be facilitated where conditions that support the formation of strong
ties are present, promoting conditions that would support processes and outcomes such as the sharing
of knowledge and building trust between network members. This is consistent with the literature that
states that individual actors develop relationships and form sub-groups through close and frequent
interaction over time as part of their participation in the same event or organization [63], which,
in this case, involved being members of the same SPC. This bonding would facilitate agricultural
representatives working together at frequent SPC meetings and contribute to the creation and sharing
of knowledge during problem-solving efforts within their SPCs.

The analysis for the presence of strong ties helped explain the level of cohesion within sub-groups
formed by network members who belonged to the same SPC, but it did not explain the level of cohesion
that was observed within the broader network that showed weak ties (Figure 1b) and moderate ties
(Figure 1c). To better understand the underlying pattern of ties within the broader network, the three
centrality measures presented in Table 1 were evaluated. Centrality is an indicator of the relative
importance of a network member for influencing the function of the network and is related to the
number and direction of ties that they have with other members of the network [28,60,64]. The results
of this analysis are summarized in Table 2, which contains the centrality measure scores for each of
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the agricultural representatives. Individual scores that exceed the mean for each centrality measure
are highlighted.

Table 2. Agricultural representative centrality measures.

Actor Code
Centrality Measure 1

Out-Degree
(Mean = 38.4)

In-Degree
(Mean = 38.4)

Betweenness
(Mean = 12.3)

01_09 24 35 2.52
01_10 79 43 19.8
01_11 40 33 16.4
02_07 131 43 30.0
02_08 10 32 0.74
03_13 40 41 43.6
03_15 12 52 4.60
04_07 44 29 8.46
04_21 0 31 0
05_07 11 39 0.67
05_08 48 35 7.84
06_12 63 61 52.1
06_13 42 27 0.09
06_14 49 44 25.7
07_09 0 27 0
09_05 27 43 2.12
09_09 40 34 6.96
09_10 43 28 0.21
10_05 81 29 0.21
11_07 36 26 0.21
12_09 11 47 3.25
12_10 82 47 36.5
13_07 53 32 15.4
13_08 12 35 0.4
13-06 0 35 0
14_07 6 49 2.67
14_08 13 34 1.37
14-09 42 26 26.2
16_09 46 39 2.17
16_10 26 37 3.83
16_11 25 37 0.42
18_09 41 50 5.56
18_10 19 37 1.33
18_11 46 63 57.3
19_09 49 35 16.1
19_10 65 43 16.1
19_11 63 41 8.03

Note: 1 Highlighted centrality measure values exceed the mean value.

Table 3 indicates that 7 (19%) of the members exceeded the mean for all three of the centrality
measure scores, 4 (11%) exceeded the mean for two of the centrality measure scores, and 13 (35%)
exceeded the mean for one of the centrality measure scores. Overall, this indicates that 24 (65%) of the
agricultural representatives had the potential to act as “opinion leaders” [59]—members who had the
potential to influence the function of the network. The out-degree centrality scores are consistent with
participant observation during the workshops, the teleconference, and the online sessions. Specifically,
actors with a high out-degree centrality scores often initiated or participated actively and consistently
in discussions. The in-degree and betweenness centrality scores also reflect their propensity to be
involved in discussions, asked for their insight, or have their opinions referenced implicitly and
explicitly by other agricultural representatives during discussions. As a consequence, centrality
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appeared to be an important measure of the level of activity within the network, such as the movement
of knowledge.

Table 3. Centrality Measure Scores Exceeding Mean Values.

Centrality Measurement
Scores Exceeding Mean Values

Number Percentage

For 3 Centrality Measures 7 19
For 2 Centrality Measures 4 11
For 1 Centrality Measure 13 35

The influence of the opinion leaders is evident by examining and comparing Figure 1b–d.
As would be expected, the majority of influence leaders were well-connected within the network,
having weak, moderate, and strong ties with many other members. However, the comparison also
revealed that the opinion leaders were part of several different sub-groups formed by weak, moderate,
and strong ties. The first sub-group, formed by 742 weak ties, included all members. Figure 1b
indicated that the opinion leaders occupy a central position in this sub-group, with many in-degree
and out-degree ties. Further, the members who are not influence leaders also have many in-degree and
out-degree ties, indicating that they are well integrated into this sub-group of weak ties. The second
group, connected by 80 moderate ties, again indicates that the majority of opinion leaders occupy
a central role within this sub-group. Figure 1c indicates that five members, including three opinion
leaders, were not connected to the sub-group through moderate ties. Also, moderate ties created
a structure for multiple paths for the movement of knowledge within the sub-group. The third
sub-group, formed by 119 strong ties, included all members, and demonstrated that the opinion
leaders occupy a central position within the sub-group. Figure 1d indicates that the paths for the
movement of knowledge were much more limited and radiated out from several centrally located
members (e.g., 02-07, 18-11), who were also connected through numerous weak and moderate ties.

4. Discussion

Participant observation and SNA results confirmed that the cohesive sub-groups were connected
in two ways within the network. First, weak ties formed bridges for connecting members and for
sharing knowledge within the network. This is consistent with current theory and practice, which
holds that weak ties can bridge and provide a means for accessing and sharing resources between
disconnected or diverse parts of the community [57,68]. Second, moderate and strong ties between
opinion leaders connected the cohesive sub-groups, albeit through a small number of members
(Figure 1d), forming an overarching structure that was connected to at least one member of all
the sub-groups within the network. This is consistent with the theoretical literature that indicates
that networks promote bonding between members who have close relationships where there are
shared values within smaller well-integrated and cohesive groups and bridging between diverse
groups [43,59]. This was consistent with participant observation during informal parts of the workshop
that revealed that agricultural representatives from different SPCs often became involved in lengthy
discussions, revisiting issues that had arisen during formal parts of the workshop. These discussions
appeared to provide an additional opportunity for members to participate in the negotiation of
vernacular knowledge.

Participant observation indicated that no single sub-group dominated discussions within the
workshops. This suggested that different perspectives within the network were relatively well
represented and balanced during problem-solving discussions. Centrality measures, summarized in
Table 2, supported these qualitative results: 15 of the 16 SPCs (81%) had at least one influential
Agricultural Representative; the SPC that did not have an influence leader (07) had only one
Agricultural Representative and was geographically isolated from the other sub-groups. Participant
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observation also indicated that the agricultural representatives were highly cohesive concerning some
issues, but less cohesive on others. For instance, the agricultural representatives were able to reach
consensus on a set of guiding Source Water Protection (SWP) principles within a single afternoon of
a workshop. Draft SWP principles were presented by members of the OFEC working group, were
discussed in detail, and were then modified and accepted with minimal negotiation. In contrast,
extended discussion was required to resolve more contentious issues.

One example of an extended discussion concerned the relative advantages and disadvantages of
using a regulatory versus a voluntary approach for mitigating risks associated with the handling and
storage of animal manure. This discussion was contentious because it concerned the development
of vernacular knowledge concerning the management of animal manures. The development of the
position played out over several workshops, and involved two groups of agricultural representatives
with differing perspectives. One group advocated for the use of a regulatory approach that would
involve the mandatory phase-in of affected farms that were not currently subject to provincial nutrient
management legislation. A key member of this group was agricultural representative 14-07, who was
very prominent in the broader agricultural community. A second group promoted a voluntary
approach, which they described as more flexible and site-specific, and would avoid the disadvantages
of a regulatory approach. A key member of the second group was Agricultural Representative 02-07,
who had been heavily involved in agricultural organizations at the local and provincial scales.

The centrality measures summarized in Table 2, and the patterns formed by the different strength
ties shown in Figure 1b–d, provided insight into the problem-solving process within the network.
Despite the high level of prominence indicated by his high in-degree centrality score (49), Agricultural
Representative 14-07, a proponent of the regulatory approach, had limited influence on the sharing
of knowledge and beliefs within the network, as reflected in low out-degree (6) and betweenness
(2.67) centrality scores. In contrast, Agricultural Representative 02-07, a proponent of the voluntary
approach, had high out-degree (131), high in-degree (43), and high betweenness (30) scores. As a
consequence, this person was well connected and better positioned to share knowledge and influence
beliefs within the network. Further, Agricultural Representative 14-07 was positioned on the margin
of the sub-groups in Figure 1b–d and was the recipient of many in-degree ties but did not have the
out-degree ties needed for sharing knowledge or acting as the intermediary for knowledge sharing.
In contrast, Agricultural Representative 02-07 occupied a strategic position within all three sub-groups,
benefiting from many in-degree and out-degree ties and by acting as an intermediary for the sharing
of knowledge.

Neither group was successful in getting their position fully adopted and endorsed by the network,
reflecting a balanced collaborative approach to problem-solving. Deliberation of the two opposing
approaches appeared to help both groups to better understand each other’s concerns, which provided
an opportunity for negotiating and accepting concessions, and developing a mutually acceptable
outcome that included components of the regulatory and voluntary approaches. This suggests the
ability of influential members to link sub-groups and to promote the sharing of knowledge that helped
support a collaborative problem-solving approach. This was demonstrated by the ability of members
to negotiate mutually acceptable outcomes through the problem-solving process. The outcome was
the integration of each group’s values and beliefs, which were both grounded in a mutual acceptance
of agricultural science, to create a vernacular knowledge.

5. Conclusions

Stakeholder participation in the creation and sharing of knowledge is necessary for collaborative
forms of problem-solving [3,22]. Social networks have been recognized as an important way to involve
stakeholders in these forums [27]. In this paper, we explored the extent to which, and the mechanisms
through which, a locally-organized agricultural network was able to develop and participate in a
province-wide collaborative approach to drinking water source protection. The goal of this network
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was ensuring that agricultural interests were represented consistently and effectively in the source
protection planning process.

The results of SNA indicated that the efforts of a farm organization, OFEC, were successful in
organizing locally-elected agricultural representatives into a cohesive provincial-scale network whose
members served on local-scale source protection committees. Participant observation indicated that
the network members were able to negotiate and reach consensus on contentious issues even though
the density measure calculated for ties between members indicated that the network was moderately
connected. Furthermore, although the calculation of centrality measures indicated the presence of
opinion leaders who had the potential to influence the problem-solving process, complementary
data from participant observation suggested that no individual or group of members dominated
discussions. This balanced approach was attributed to the connections between cohesive sub-groups
that were formed through weak, moderate, and strong ties, combined with the previous experience
of the agricultural representatives with multi-stakeholder problem-solving processes. Importantly,
the research revealed that the agricultural network consisted of a series of cohesive sub-groups that
were linked by different strength ties. This finding is consistent with research indicating that networks
can have structures composed of highly cohesive sub-groups that are connected by a combination of
bridging weak and moderate ties and bonding strong ties [43].

The results of this research provide broader insight for theory and practice. First, regional-scale
stakeholder networks can be intentionally organized to participate in creating and sharing of vernacular
knowledge in individual local-scale collaborative forums. In this instance, the formation of the
stakeholder network was facilitated by a working group composed of a farm organization and state
agricultural agency representatives. This insight complements existing research that has focused
on identifying stakeholder networks that can participate in environmental problem-solving [9,29].
Given that social networks can make an important contribution to problem-solving [22], it stands to
reason that helping stakeholder groups to create or bolster their networks would result in more robust
problem-solving processes.

Second, the fact that the network contained opinion leaders who influenced the creation and
sharing of knowledge indicates that there may be preferential pathways for the transfer of information
into, and within, a network. This may be useful for sharing knowledge concerning alternative
agri-environmental management practices with members of farm networks, and may have implications
for networks in different sectors [60]. There may also be interest among researchers to explore less
resource-intensive methods for identifying opinion leaders within networks. This insight is important
for practitioners who are interested in sharing knowledge or influencing problem-solving within
a stakeholder network. Strategically identifying and forming ties with opinion leaders in order to
optimize the uptake of knowledge within a stakeholder network may be an effective strategy.

Third, the research provided insight concerning how collaborative processes can be strengthened
through the contributions of knowledge from network members who have been deliberately embedded
in those processes. In the example considered here, the network allowed members to engage in the
creation and sharing of knowledge in preparation for participating in broader multi-sector collaborative
forums by deliberating and negotiating solutions to complex problems. This also provided members
who had experience with collaborative approaches, and who had the expectation that these approaches
would be employed when addressing complex environmental problems. Finally, it provided members
with experience in negotiating and accepting concessions, which is often a necessary part of the process
of reaching mutually acceptable outcomes.

Fourth, the research builds on the growing interest in combining qualitative and quantitative
approaches for studying networks [30,31]. In this example, a combination of participant observation
and SNA provided insight concerning the structure and functioning of a network. Findings in
this research are based on a single network. This limitation should be addressed in the future by
comparing the structure and function of multiple networks from different settings using combinations
of qualitative and quantitative methods.
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