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Salience of a model is multi-faceted. Elements of salience are derived from model relevance
[bookmark: _GoBack](i.e., is the information useful for responding to the problem) (Wilson 2009). Further, the context of knowledge is key in determining model salience; if stakeholders don’t see the model as important for “understanding and solving the policy issue at hand” (i.e., they have to know that it is relevant), then the model lacks salience (van Voorn et al. 2016 p. 225). The credibility of the model concerns the logic and soundness of the model’s construction and output (van Voorn et al. 2016). When considering model credibility, stakeholders will evaluate if the model concepts and processes are technically adequate and meet their standards for a reliable representation of the system. Lastly, the legitimacy of the model stems from the stakeholders’ perception of the model fairness and its use in decision making (Cash et al. 2003, Wilson 2009, White et al. 2010). Legitimacy of the model will be determined by each stakeholder’s belief about what constitutes fairness (Wilson 2009). Using this SCL analytical framework, we can measure stakeholder’s attitudes towards models
during a participatory modeling process. Some work has been done to understand process impacts on
participants (Pahl-Wostl 2002, Rouwette et al. 2002, 2011). Even more limited has been attempts to
understand longitudinal changes in stakeholders due to these processes (Rouwette et al. 2002, 2011).

Factors Impacting the Formation of Attitudes - The Role of the Participatory Process and Social Network factors
Research into how individuals form their attitudes spans many disciplines, ranging from marketing (Bottomley and Doyle 1996), to psychology (Addison and Thorpe 2004), education (Stenseth et al. 2016), and issues of climate change and individuals’ connection to nature (Happer and Philo 2016). Within a participatory modeling process, the study of attitudes can provide insight into the impact or effectiveness of these processes overall and the tools, like models, they utilize. Interest, concern or worry surrounding a topic, like scientific modeling, can led to an active response by way of behavioral changes (Moser and Dilling 2010). Some work has examined the impact of group model building and the overall process on attitudes (Rouwette et al. 2011). No work, however, has examined attitude formation in relation to the models themselves. Studying attitudes towards models is crucial to understanding what role models play within participatory modeling processes and if these processes can accomplish their goals (i.e., consensus). To determine what impacts changes in attitudes towards models, we focused on factors related to the participatory process itself and the stakeholders’ social network. 

Participatory Modeling Process Design and Stakeholder Characteristics – Impact on Attitudes Towards Models
Despite the diversity in the design and organization of participatory modeling processes (Reed 2008, Voinov and Gaddis 2008, Falconi and Palmer 2017), there exist some universal factors that can be used to broadly understand their impact on stakeholders’ attitudes towards models. By investigating what factors of participatory modeling practices influence stakeholder’s attitudes towards models and how, we can better understand the role that the scientific models play during participatory modeling processes. 
The selection of stakeholders and the representativeness of different stakeholder groups is a critical element of participatory modeling processes. The literature emphasizes the importance of who sits around the table, suggesting that individual characteristics and overall group composition can have a meaningful influence on group dynamics, model goals, formation and presentation, and the individuals themselves (Reed 2008, Voinov et al. 2014). The group of participating stakeholders dictates the knowledge available to the process. In terms of the model and impacts on the process overall, increasing the diversity of knowledge sources could enhance the ability of the model to represent the system in question by accounting for multiple perspectives (Duncan 2016). However, within the larger group, there exist natural sub-groups representing the different stakeholder groups within the process. These sub-groups represent pockets of knowledge and information. The availability of this group-specific information to the overall group has been suggested to foster innovation in decision-making processes (Fischer and Jasny 2017). 
Individuals within the same stakeholder sub-group have similar life experiences that facilitate increased communication and ease the development of trust (Yuan and Gay 2006). Oftentimes this results in individuals reflecting and reinforcing the views of their sub-group, leading to the creation and reinforcement of echo-chambers of group-specific attitudes (Long et al. 2013). Paolisso and Dery (2010) noted differences in opinions on management options for oysters within the Chesapeake Bay based on stakeholder group affiliation. The increased level of familiarity and understanding with those in the same stakeholder sub-group can influence attitude formation.  
Individual-level stakeholder characteristics other than sub-group membership can also impact attitudes. Along with ones’ sub-group association, years of experience speaks to different ways of knowing among stakeholders (Lejano and Ingram 2009). Learning and understanding begin with what individuals “already know and have experienced in everyday life” (Barnhardt and Kawagley 2005 p. 12). Different amounts of experience in one’s field influences how stakeholders see and experience the world, including their assessment of the validity of knowledge, how knowledge is produced, and the assumptions inherent in the production of knowledge (Miller et al. 2008). 
Since the early 2000’s, scientific models have become much more common in natural resource management (Shenk and Franklin 2001). During this time period, stakeholders involved with or exposed to natural resources management decisions are therefore necessarily interacting with scientific models. Stakeholders’ views on models could be impacted by different familiarity with scientific models and years of experience within their field. For example, stakeholders with more experience are likely more familiar with the benefits and limitations of models within natural resources management (e.g., when it is or is not appropriate to use models). However, different ways of knowing inherent within different stakeholder sub-groups (e.g., watermen’s experiential way of knowing versus scientists’ more standardized, quantifiable way of knowing) could lead to inter-group differences in attitudes (Berkes 2009, Duncan 2016). 
The literature also emphasizes the impact of stakeholder participation during participatory modeling processes. Different levels or degrees of participation, whether through process design or stakeholder attendance, has been cited as influencing the process itself and the results (Reed 2008). Increased participation can lead to the development of shared concepts and ideas through social learning, promoting the likelihood of actors continuing to work together (Reed 2008, Scholz et al. 2014). The inclusion of models in the participatory process is thought to further enhance these positive results. Participation in participatory modeling processes takes place through model building. The model acts as a boundary object (White et al. 2010, Henly-Shepard et al. 2015), helping to facilitate the discussion between stakeholders, allowing them to better recognize their implicit assumptions (Andersen et al. 1997), refine and alter their mental models (Rouwette et al. 2011), and generalize knowledge that can be used or applied later or in a different scenario (Lane 1994). Through experience with model building, stakeholders can better understand the strengths and limitations of the model for decision-making. 
However, the theorized positive impacts from participation and engagement in participatory processes aren’t universal (Layzer 2008, Newig and Fritsch 2009). For participatory modeling processes, their ability to deliver on these results rests on stakeholder’s willingness to use and engage with the model. This willingness can be examined through the salience, credibility, and legitimacy framework (van Voorn et al. 2016). 

A Social Network Approach to Attitude Formation 
Network literature has long argued that “attitudes are made, maintained, or modified” through interpersonal relationships and communication (Festinger 1954, Visser and Mirabile 2004, Erickson 1988, p. 99). Thus, to understand and describe how attitudes are formed, social networks are the “natural units of analysis” (Erickson 1988, p. 99). The relationships and interactions between the stakeholders involved in participatory modeling processes represent “networks” that can be formalized through a social network analysis approach (van der Hulst 2009). The application of a social network analysis framework to study participatory processes has been limited (Prell et al. 2009) and hasn’t been applied to a modeling process or longitudinally. Through the analysis of overall network structure and specific stakeholder roles during participatory modeling processes, we can better understand how the connections between actors during this process could impact the formation of their attitudes towards models. Specifically, brokerage roles within networks and overall levels of connectivity are examined to understand the impact of social network structure on attitude formation. 

Brokerage in Communication Networks
Brokers are individuals in a network that facilitate a transaction between two otherwise unconnected actors (Marsden 1982). This position is seen as powerful; brokers can control how information flows within a network, facilitating opportunities for interaction, or inhibiting the spread of knowledge and resources (Cvitanovic et al. 2017). The role brokers play is considered especially advantageous in networks with many isolated clusters or sub-groups, like participatory decision-making processes. Sub-groups in networks represent silos of knowledge and information that, if left unconnected, cannot benefit the overall network (Long et al. 2013). In these settings, brokers have the unique ability to create connections to these divergent sources of knowledge, breaking down silos and opening room for greater collaboration, innovation and understanding (Padula 2008, Long et al. 2013). All brokers, however, are not made the same. Gould and Fernandez (1989) used an ego-centric (an individual-focused) approach to divide the concept of brokerage into five distinct roles based on who the individual is brokering communication between. Two roles, gatekeeper and liaison, could impact attitude formation towards scientific models. 

Breaking Down Brokerage: Gatekeepers and Liaisons 
A gatekeeper is an individual who, in an un-directed network, acts as the access point to their sub-group. These brokers represent the only path of connection in a network between their sub-group and an individual in a different sub-group (Figure 1). 

[image: https://lh6.googleusercontent.com/kFTHzqJ5IqZt7K3BczNLgVviOH6vat79_PUDIh0pfUHX-s12aa7xlUaDl3nws7qJCEjzdow3ZXTD0n0G0EQY-16q5uLgZTKlBeCQEgiuM5hvZvOtIUli45pzLgrioBDBcbiqlE1KoX0IEnqOew]
Figure 1: Representation of a Gatekeeper brokerage role (B), where B and C are members of the same sub-group, and B acts as the only path of communication between A and C. In this position, B can decide whether to grant access to the outside information into the sub-group

From this intermediary position, gatekeepers can selectively grant access to and from their group, acting as a gate that either permits or hinders the spreading of information (Gould and Fernandez 1989). Limitations in awareness and availability of information has been noted as an important factor in attitude formation (Upham et al. 2009). By controlling this flow, gatekeepers can influence attitude development. A liaison represents a brokerage role where an actor links two different sub-groups, neither of which they are a member (Figure 2, Gould and Fernandez 1989). The liaison mediates and coordinates transactions, playing a key role in connecting otherwise disconnected groups. This type of brokering creates more points of access to different sources of information and individuals, again potentially impacting attitude formation. 
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Figure 2: Representation of a Liaison brokerage role (B), where A, B, and C are all members of separate sub-groups. B’s role here is to provide a link between individuals in two different sub-groups, while not being a member of either group 

While there are potential attitude impacts network-wide or within a specific sub-group from these positions, brokers themselves can be impacted by their roles. Valente and Fujimoto (2010) suggested that individuals in these brokering roles are more receptive to attitude changes because they are the recipient of targeted communication. These brokers are being sought out for communication, which can have a more substantial influence on attitude formation. Brokers also have access to an expanded range of ways of knowing. Through connections beyond one stakeholder sub-group, brokers’ attitudes towards models may be influenced, depending on the nature of those connections (Beach 1997, Hargadon 2002). 

Degree Centrality
The theory of brokerage posits that actors are influenced by the specific nature of their connections; it’s not just how many people you know, but who you know. Conversely, the idea of degree centrality focuses on that concept of ‘how many’ people you know. The degree measure is the total number of nodes that an actor is connected to (Opsahl et al. 2010). Individuals with high degree scores are in prominent and visible positions within the network. Rogers (2003) found these high degree individuals to be opinion leaders. The nature of this leadership position can come with an expectation to uphold the status quo, limiting any changes in these actors’ attitudes (Becker 1970, Valente and Fujimoto 2010). 

The OysterFutures Case 
OysterFutures was the participatory modeling setting in which we studied the longitudinal changes in stakeholders’ salience, credibility, and legitimacy attitudes towards scientific models. Over the course of nine facilitated, closed workshops, a diverse group of stakeholders iteratively developed a scientific model to forecast the effects of different management options on outcomes related to oyster abundance, harvest, and environmental performance measures. Using the model, stakeholders considered a variety of oyster management and policy options, including enforcement, rotational harvest, habitat modification and restoration, and combinations of options that included multiple management options in a single model run. Model runs fed into recommendations that were developed for the Maryland Department of Natural Resources (DNR), the agency in charge of Maryland fisheries management. 
During OysterFutures, facilitators emphasized that the scientific model was a tool to help stakeholders make decisions and was not the sole guiding force. The model was acting as a boundary object that aided facilitation; it was used to create linkages between environmental science and policy and between different stakeholder sub-group knowledge (White et al. 2008, Lejano and Ingram 2009, White et al. 2010). While boundary objects like scientific models can “foster integrative deliberation” (Lejano and Ingram 2009, p. 653), they are sometimes associated with “mutual misunderstanding”, where different stakeholder sub-groups don’t see the model in the same way (Borowski and Hare 2007 p. 1049). This can result in different attitudes towards models by different stakeholder groups, and therefore different levels of willingness to use the model to inform decision-making. 
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