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NAME OF MODEL: CoDMERv1-01: Collective Decision Making for Ecological Restoration v1.0

We present here a general description of the CoDMER model. For more details, please refer to Watkins, C., Massey, D., Brooks, J., Ross, K., Zellner, M. L. (in review). “Understanding the mechanisms of collective decision-making in ecological restoration: An agent-based model of actors and organizations.” Ecology and Society.

1. Purpose

Ecological restoration, particularly in urban contexts, is a complex collective decision-making process that involves a diversity of stakeholders and experts, each with their own perceptions about what landscapes should and can look like, how to get them to the desired state, and on what timeline. CoDMER can be used to investigate how structural and behavioral factors can influence collective decision making processes and outcomes in the context of ecological restoration. It is informed by existing literature on collective decision making and empirical data from the Chicago Wilderness region.

2. Entities, state variables, and scales


Table 1 summarizes the global and agent variables in the model. Agent variables include respect for each one of the other agents (stored in cells, see below), position with respect to a restoration decision, group the agent belongs to, decision-making role, whether they are entrenched, and response to dissent from others.

Agents are organized into a grid, where there is one agent per row and one per column (see Figure 1 for an example). Cells (or patches) store the respect scores of each agent in the first column of each row for each other agent in the row.
Table 1: Variables

	Level of Parameter
	Parameter
	Model Variable Name
	Default Value

	Global
	Maximum iterations (work days) in a run
	maximum-iterations
	64.

	
	Organizational Parameters

	
	Total number of agents
	Total-Number-of-Agents
	18.

	
	Total number of groups
	Total-Number-of-Groups
	1, 2, or 3. 

	
	Distribution of agents in each group
	Group-agent-distribution
	Equal size.

	
	Position Setup

	
	Distribution of individual position
	Position-distribution
	Random (uniform).

	
	Decision Parameters

	
	Max difference of positions for whole-group consensus
	n/a
	0.01.

	
	Max difference between positions for point-person consensus
	Point-person-position-difference-PPC
	0.2.

	
	Psychological Parameters

	
	Entrenchment
	Entrenchment-possible?
	Off.

	
	Cost of dissent
	Cost-of-dissent-possible?
	Off.

	
	Probability of mutation
	Probability-of-mutation
	0‰

	
	Time for cost of dissent activation
	n/a
	T = 44.

	
	Interaction Parameters

	
	Occurrence of inter-group formal meetings
	Inter-group-formal-meetings?
	Yes.

	
	Frequency of inter-group formal meetings
	Frequency-of-inter-group-formal-meetings
	Every 20 time steps.

	
	Probability of participation in inter-group informal meetings at each time step
	Probability-inter-group-informal-meetings
	20%.

	
	Occurrence of intra-group formal meetings
	Intra-group-formal-meetings?
	Yes.

	
	Frequency of intra-group formal meetings
	Frequency-of-intra-group-formal-meetings
	Every 20 time steps.

	
	Probability of participation in intra-group informal meetings at each time step
	Probability-intra-group-informal-meetings
	100%.

	Agents
	Position for a decision
	individual-position
	Random between 0 and 1.

	
	Respect for another agent
	respect
	Random between 0 and 1.

	
	Entrenchment
	entrenched?
	No.

	
	Group
	Group
	0, 1, or 2.

	
	Reduction rate of self-respect due to cost of dissent
	Self-respect-reduction-CoD
	0.2 for point-persons and 1 for advisors 

	
	Decision-making role
	breed
	Point person or advisor
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Figure 1: Sample setup. Triangles are advisors and squares are point persons. Colors correspond to group membership. Labels on cells are the respect values.
3. Process overview and scheduling

The model represents one planning season for the organization. One iteration represents one work day and the planning season is 64 workdays (3 months where there are 5 workdays per week), during which agents (advisors and point persons) interact with selected others, and update their position with respect to a restoration decision based on how they are influenced by the other agents. At the end of the season, they reach a collective decision, based on how close they are in their positions. 

There are two versions of CoDMER. The base version only explores the effects of structural aspects of collective decision making, like the number and size of groups, the occurrence of mutation (changes in external information), and the frequency of interaction within and across groups. The complex model adds the entrenchment and cost of dissent mechanisms to the base model. Refer to Figure 2 for an overview of the order of events.
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4. Design concepts
4. Design concepts
Basic principles. CoDMER seeks to advance theory about collective decision making, using the context of ecological restoration as a frame of reference. The model is informed by consensus-building models, collective decision-making theories and empirical data derived from observation of and interviews with group members of Chicago Wilderness, an umbrella organization dedicated to ecological restoration in the Chicago metropolitan region. The goal for our model was to develop robust explanations for collective decision making, by examining assumptions about the main structural and psychological drivers of the process. Ultimately, the model can be refined with empirical data to provide recommendations to enhance collective decision making.
Emergence. Agents perform a sort of social computation for a question about what decision to make in ecological restoration, as they consider a range of positions within the group, and how their expertise is valued by others. Increased path dependence results from the interaction of agents when psychological mechanisms are active, more than when mutations (external information) affect the interactions. Entrenchment pulls the collective position in a different direction, while cost of dissent reinforces the change in direction.

Adaptation. Agents update their position by computing an average of the position of agents with whom they interact, weighted by how they value their opinion. They may also change their position based on external information. The updating mechanism is based on the goal of reaching a unified decision by the end of the simulated period. 

Objectives. In a collective decision making process, success may be defined as whole group convergence, either by conforming to others, or by convincing others. Individual success is not considered.
Learning. Mutations introduce the group’s ability to learn something new. The extent to which they do depends on which agent mutates, how that agent is considered in the group, and whether that agent holds their position despite differences with others.

Prediction. Agents only update their position based on others. While they do not explicitly predict the future, they are driven by the implicitly desire to conform.

Sensing. Agents only sense others’ position, mediated by the specific interactions in which they participate (see below).

Interaction. Agents can participate in four different types of interactions (see Figure 3). When they interact, they update their own positions based on all the interacting agents, weighted by respect values for themselves and the others with which they interact.
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Stochasticity. In this version of CoDMER, the random elements are: initial position and respect values, timing and degree of mutations, and when and how many agents are involved in informal interactions. Future data may allow more case-specific scenarios with less randomness.

Collectives. During initialization, agents are randomly assigned to equal-sized groups. Agents in the same group are more likely to have informal interactions and also have formal interactions with all of the other members of their group.

Observation. CoDMER records only three outputs at the end of a run: 1) collective position, or the average position of 18 agents at the end of a run; 2) spread of individual positions, or the standard deviation of 18 agent positions from the mean (collective position) at the end of a run; and 3) decision strategy at the end of each run, based on output 2: whole-group convergence, point-person consensus, or outside arbiter.
5. Initialization

Agents are placed so there is one agent per row and column (see Figure 1). They are placed in equal-sized groups where there is one point-person and the rest are advisors. Respect scores stored in cells are all random unless entrenchment is allowed and the score indicating the agent’s respect for its own position is high enough to lead to manually set low respect scores for the other agents.
6. Input data

The model does not use input data to represent time-varying processes.
7. Submodels

Check for consensus: If all of the position values are within 0.01 of each other, then the simulation ends, the decision is the collective position score, and the decision strategy is indicated as whole-group consensus. The choice of this threshold is based on interviews and observations in the Chicago Wilderness organizations. 
Check for end of season: If it is day 64, then the point-persons have an inter-group formal interaction (see check for interactions below). If their positions are within 0.2 of each other, the final decision is the mean preference of the point persons and the decision strategy is point-person consensus. If the difference between the positions is greater than 0.2, then one of the point persons’ positions is chosen at random to be the decision, simulating the intervention of an outside arbiter.
Check for mutation: Mutations represent external influences that change the position of an agent (e.g., financial resources suddently made available, new scientific information supporting a particular position, public reaction to a position). Both the selection of agents for mutation and their change of position are random because data on the occurrence of mutations is not readily available; random is the simplest unbiased assumption for the frequency and direction of this mechanism. A mutation is thus equally likely to result in a substantial or in a minimal change in position. If an agent undergoes a mutation, it also receives a new random respect value for its own position to represent the agent’s support for the new information in light of the agent’s own expertise to evaluate it. If entrenchment is allowed, and if the new random respect for the agent’s own position is 0.9 or higher, then the agent becomes entrenched and lowers its respect for the other agents to 0.01.

Check for interactions: Every iteration, the model checks for four different types of possible interactions (see Figure 3). Probabilities and frequencies are listed in Table 1.

1. Inter-group formal meeting. All point persons interact if it is the specified time interval between meetings.

2. Inter-group informal meeting. Every iteration, the model generates a random number for each agent to determine if it might interact. If two or more agents in different groups are flagged, the interaction occurs. 
3. Intra-group formal meeting. All members of the same group interact if it is the specified time interval between meetings.

4. Intra-group informal meeting. Every iteration, the model generates a random number for each agent within a group to determine if it might interact. If two or more agents are flagged, the interaction occurs.
Normalize respect: If, during the check for interactions procedure, the conditions for an interaction are met, the respect values that agents have for themselves and for all the other agents involved in the specific interaction are normalized to ensure relative weighting is only applied across the values of agents involved in the interaction, and not all the agents in the organization.
Update position: After respect values are normalized, each agent’s position value is then updated by calculating an average of the positions of all interacting agents, weighted by the respect that each agent has for each other, as follows:
[image: image4.jpg]



where:

pi, t+1 
= updated position of agent i after the current interaction;

n 
= total number of agents involved in current interaction;

ri, j 
= respect that agent i has for agent j (including itself), normalized among the n interacting agents;

pj, t 
= current position of agent j.

Check for cost of dissent: If cost of dissent is active (in the complex version of CoDMER) and only after time step 44, agents examine how different their position is from the average position of the other agents with which they interact. If the difference between an agent’s position is greater than the standard deviation of the positions of the agents with which it interacts, then Cost of Dissent (CoD) is activated for the first agent. The CoD mechanism involves reducing the agent’s respect value for its own position. Each day after time step 44 (when the CoD period starts), the agent’s respect for its own position will decrease by their respective amount (0.2 for point persons or 1.0 for advisors) multiplied by tc/20, where tc equals the number of days spent in the CoD period. Therefore, respect for the agent’s own position is more greatly reduced with each passing day, reflecting the pressure to conform as the season draws to an end.
References:

Watkins, C., Massey, D., Brooks, J., Ross, K., Zellner, M. L. (in review). “Understanding the mechanisms of collective decision-making in ecological restoration: An agent-based model of actors and organizations.” Ecology and Society.
Figure � SEQ Figure \* ARABIC �2�: Order of Events. The base model overview is in black text. The mechanisms the complex model adds to the base model have blue text.





Figure � SEQ Figure \* ARABIC �3�: Types of interactions
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