














better than they do.  Since no agent changes its strategy as a result of local learning, an 
evolutionary equilibrium is reached in which SWFWMD remains the sole mutant.  The same 
conclusion results from all eight cases in which a single agent mutates to ALL D: the invading 
ALL D remains as a neutral mutant without further affecting the strategies of other agents in the 
network. 

In the sparsely linked St. Andrew’s network, however, ALL D strategy does spread up to 
three additional agents when a single ALL D invades at four of the eight locations.  Due to the 
sparse nature of the network, the invading All D is more likely to be the most successful strategy 
among the contacts of an affected agent.   

We can use this approach to examine how the individual agent’s network conditions 
affect its likelihood of converting to the All D strategy after its neighbor converts to ALL D. 
Four agents in the St. Andrews subnetwork (Audubon, Bay County PUC, Committee for SAD, 
and USFWS) are never affected when a contact mutates to ALL D, while the other four always 
convert to ALL D.  The number of contacts (size) appears to help an agent resist invasion, since 
the resistant agents have an average size of 2.75 compared with 1.75 for the nonresistant agents.  
On the other hand, the average density is considerably lower for resistant agents (0.13) than for 
nonresistant agents (1.0 for the three agents with defined density).  In short, this illustration 
suggests that a stronger set of assumptions are required to support the credibility-clustering 
hypothesis, and that the combined role of size and density needs clarification.  

The above illustration explores only one of the potentially large sets of assumptions 
regarding agents’ decision-making rules and the learning mechanisms using on a specific 
network. To investigate the relationship between network structure and cooperation, we expand 
the simple model in our illustration in several ways.  First, on the dimension of agent decision-
making, we plan to move from assumptions of fixed strategies, such TFT and ALL D in the 
above illustration, to ones in which agents choose their strategies according to well-defined 
preferences and anticipate possible future impacts on other agents.  

Second, on the dimension of learning, we intend to move well-beyond simple imitation of 
one’s successful neighbors. We can explore different learning rules, in particular, the one in 
which agents learn not only from their immediate contacts, but also from their second or third 
contacts (with the weight of learning diminishing as the distance gets longer.) 

Third, we will expand the scope of investigation beyond the invasion of already 
cooperative networks.  In particular, we analyze the ability of invasion by two or more TFT (one 
alone can never invade) to compare the ability of network structures to encourage the spread of 
cooperation with their ability to resist the collapse of pre-existing cooperation.  For example, in a 
simple linear network, we can show for payoffs above the necessary threshold that invasion by 
two adjacent TFT at any positions will convert the entire network to TFT.     

Fourth, to simplify analysis, we begin with an assumption of 2-person games defined by 
each dyad i, j. In order to compare predictions from the formal model with observed behavior, 
this requires that we will gather network and performance data on the same dyad level.  Analyses 
based on the dyadic structure assume that strategic choices focus on other organizations rather 
than on the group of organizations involved in a given project.  While this assumption may 
reflect reality, particularly for dyads participating in multiple projects, we attempt to relax this 
assumption by analyzing the N-person game defined by a project with multiple participants, 
which would be most suitable for empirical analyses using the project as a unit of analysis. 

The ultimate goal of our theoretical investigation is to establish the relationships between 
abstract network characteristics (such as size, density, and bridging) and the evolution of 
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cooperation, given a reasonable set of assumptions about agent strategies and learning rules. For 
a uniform, repeating, non-looping, and open network, it is possible to solve for invasion 
resistance thresholds analytically (Esarey, 2004). For networks with more complicated 
structures, it will be necessary to use computational methods such as the one used by Wang and 
Scholz (2004). We will rely on our empirical observations on real world networks to limit the 
range for each structural condition. 

Our empirical observations will also be used to test the validity of the alternative 
assumptions on strategies and learning rules of the agents. The most direct way is to apply our 
models to the observed contract networks (where a link indicates the presence of a common 
game between two actors).  Each model will generate a cooperation potential score for every 
position in the network. We can then compare the potential scores with performance measures of 
the organizations in the real world to determine which set of assumptions fits the observed data 
most closely. 

II. RESEARCH DESIGN 
Our empirical research strategy intensively analyzes networks relevant to one specific set 

of joint projects in one geographically-determined location over an extended period of time.  
This strategy overcomes problems identified in our prior research, as discussed above, by 
thoroughly documenting the full resource and contract networks and by measuring multiple 
dimensions of cooperative performance at the design and implementation stages in these joint 
projects.  We limit the geographic scope to one estuary to enhance internal validity, which may 
raise concerns about external validity or generalizability if the range of observed network 
characteristics is limited or if some unique local factor influences the link between networks and 
behavior in that estuary.  Fortunately, data from our previous study of 22 estuaries indicates that 
the range and variance of network measures for Tampa Bay is at least as great as in most 
estuaries, and preliminary research has shown that the number of projects is more than sufficient 
to support the estimation procedures discussed below.  In addition, preliminary analyses using a 
dummy variable interaction term for Tampa bay do not indicate that the relationship between 
available network and performance measures is unique in Tampa bay.  The data are available for 
further analyses if additional threats to external validity arise during the research.  

We use data from Tampa Bay to develop relevant formal models of the two competing 
perspectives on policy networks and use regression analysis to test the implications of the formal 
analyses.  The primary empirical analysis will use panel data regressions to analyze the impact of 
resource and contract network variables measured in 2005 on performance in 2007, accounting 
for potential endogeneity of performance in 2005 that may affect network variables in 2007.  
Specifically, we will focus on the 186 potential projects identified in the Tampa Bay 
Comprehensive Conservation and Management Plan of 1997 relating to the critical goal of 
managing nitrogen pollution (http://www.tbep.org).  This list includes approximately 100 
projects currently underway as well as projects that have now been completed or have not been 
undertaken, so we have observations at all stages of project development.  We select Tampa Bay 
in part because the prior NSF project provides network information for 1999 and 2002 from 35 
respondents in 28 organizations, providing a longer panel with at least rudimentary network 
information in earlier years to analyze network dynamics.  
Data 

Data comes from archival sources, 25-30 open-ended interviews with selected joint 
project participants, two surveys in 2005 and 2007, and a panel of experts.  The identification of 
projects and contract networks comes from archival data on joint projects documented by TBEP 
and Southwest Florida Water Management District.  The archival data for each project identifies 
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its current status, date of reaching project milestones (including initiation, design, 
implementation stages, and completion), lead and participating organizations with contact 
information, and budgetary contributions (if determined).  Preliminary investigations indicate 
that the data appears to be reasonably complete, requiring only minor follow-ups to check 
validity and get missing data. 

The two surveys provide our primary measures of resource networks (mail component) 
and performance evaluations (telephone component).  To identify networks directly related to 
each project, we include as respondents the estimated 500-600 contact officials listed in the 
archival data for all private and public participating organizations in current joint projects—when 
a single contact person is listed for all projects of an organization, we will determine the most 
appropriate alternative within the organization most familiar with external contacts relevant to 
the project.  To ensure that other individuals involved in relevant inter-organizational resource 
exchanges are also included, we directly approach directors in each of the estimated (based on 
previous 2002 survey) 120 relevant organizations to identify these individuals.  Finally, we 
include individual stakeholders active on committees in the TBEP.  If this comprehensive list 
does not include all 38 participants from the 1999 and 2002 surveys, we will include all active 
participants among them as well.   

Open-ended interviews prior to the 2005 survey provide a means of verifying our 
respondent identification procedures and evaluating the mail and telephone questionnaires.  In 
addition they are intended to clarify assumptions for formal analyses about incentives and 
payoffs relating networks to performance in joint projects, and to determine appropriate methods 
for empirically supporting assumptions used to develop formal models.  We will interview all 
identified respondents from one selected organization (5-10 interviews) and select other 
respondents to represent the range of ego network values in the contract network (10-15 
interviews). 

Finally, we will develop an advisory board of experts familiar with the joint projects to 
review our research design and specifically advise on the evaluation of project performance.  In 
particular, the panel will consider the possibility of utilizing objective criteria (e.g., tons of 
nitrogen reduction per dollar invested) for project performance based on data being generated as 
part of required project reviews.  Initial inquiries suggest that reliable measures may be available 
by 2007 for at least some subset of projects in our study.  The panel will include experts involved 
in developing monitoring and performance standards for projects that may determine the 
availability of this data.  The panel will also provide legitimacy necessary to ensure a very high 
survey response rate. 

Our data gathering emphasizes the development of the 2005-2007 panel, but we also 
develop three types to analyze policy dynamics.  First, the open-ended interviews used for 
questionnaire development will also probe history and incentives leading the respondent and 
their organizations to forge the observed network relationships.  Second, the small panel of 35 
respondents from 28 organizations who completed the 1999 and 2002 surveys in Tampa Bay will 
be extended in the 2005 and 2007 surveys for surviving participant, providing an 8-year panel of 
changes in networks. Third, as noted earlier the TBEP record of projects listed in the 1997 
Comprehensive Conservation Management Plan provides a continuous record of the full contract 
network over a 10-year period.  This provides a unique data source to track the annual changes in 
the contract network over time for comparison with simulation results. 
Measuring Cooperative Performance  
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We measure several aspects of performance. To test both the information-bridging and 
the credibility-clustering hypotheses, we distinguish performance in the design and 
implementation stages of project.  Since we are particularly interested in the effects of networks 
on cooperative behavior, we are concerned not only with outcome measures evaluating the 
overall success of a project and the relative gains for participating organizations, but also with 
measures of cooperative behavior to ensure that cooperation did indeed provide the hypothesized 
link between networks and outcomes.  Finally, to verify alternative formal models in greater 
detail, we measure on overall implementation performance of the organization, the performance 
within dyadic relationships between two organizations, and ultimately the performance within 
and success of the joint project. 

Project Design: Our primary measure of performance in the project design stage reflects 
the ability to create the project, as indicated by formal agreements to proceed.  This is also the 
defining characteristic for the contract network, as already noted.  The information-bridging 
hypotheses would therefore predict that an organization’s bridging characteristics will 
significantly impact the number of joint projects in which the organization participates.  The 
milestones reported for each project may provide an additional indicator of projects that have 
passed additional design requirements, although this data appears to be missing on smaller 
projects and therefore would require estimation techniques that would control for potential 
sampling biases.  In addition, the surveys will ask for evaluations by all participant organizations 
of the project’s design phase to provide secondary measures of design performance.  This 
measure is less reliable because it requires recall of past events that current participants may not 
know, recall that is probably colored by intervening events. 

Project implementation: We measure cooperative behavior and outcomes in the 
implementation process at the individual, dyadic, and project level.  Respondents will be 
presented with a list all organizations participating in the project of immediate concern to the 
respondent.  For each organization, outcome is measured with the question “How much has your 
organization benefited from its interaction with this organization in the context of the project?” 
The 0-10 response scale ranges from “my organization has not benefited at all” to “My 
organization has benefited to the greatest extent”. Cooperation is measured with the question 
“How well has this organization met its obligation to your organization in the context of the 
project during the past year?” with a response scale running from “never met obligations” to 
always met obligations”.  In addition, we ask respondents how much they trust each organization 
to fulfill obligations in the coming year, and finally we ask how well the respondent’s 
organization has fulfilled its obligations with each organization in the project during the previous 
year.  These measures potentially form a single scale of cooperation, although we will investigate 
each dimension separately as well.  To conserve space we include only one question in this 
format evaluating how well the respondent’s organization has met its obligations with each of its 
partners. 

Each implementation measure provides a directed measure for each link in the estuary 
matrix. In addition, the measures can be summed to produce measures of the perceived outcome 
and cooperation measures appropriate for the organizational, dyadic, and project level of 
analysis.  For example, each organization will be rated by multiple partners, perhaps in multiple 
projects, so the average rating provides an overall score for that organization’s cooperation.  
Similarly, performance ratings for dyad-level analysis (of the undirected link) average the 
evaluations made by the two organizations, and project-level ratings average the evaluations by 
all project members.  
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A number of alternative measurement strategies in a simpler format will also be included 
to ensure that multiple aspects of performance are evaluated.  For example, to measure general 
cooperation at the organizational-level in a manner consistent with the 2002 survey, 
collaboration is measured by asking respondents to indicate how many activities commonly 
involved in joint projects that an organization undertakes, as noted above.  Project-level 
performance on each of the above implementation measures will be rated by asking each 
respondent to evaluate the overall performance of all partners, and to rate the respondent 
organization’s performance in the project.  In addition, the subset of respondents identified as 
project managers will be asked to evaluate several dimensions of project performance including 
1) extent to which participants fulfilled obligations, 2) willingness to resolve problems 
cooperatively when they emerge, 3) efficient use of the budget allocated to the project, 4) timely 
completion of the projected milestones, and 5) fair distribution of benefits to the stakeholders 
involved in the project.  

Finally, we will work with an advisory committee of five experts involved in the 
evaluation and oversight of identified projects to develop objective measures of project success 
based on project milestones and other data available as part of the ongoing evaluation system 
required by many projects.  The advisory committee will also review our research design and 
questionnaire, and will function as an intermediary to enhance the credibility of the survey for 
the targeted group of respondents.  Objective measures are likely to be available only for subsets 
of projects, but can at minimum establish the relationship between respondent evaluations and 
objective measures of project performance for this subset.  A large enough subset would permit 
estimations using Heckman selection bias estimation techniques.   
Measuring Networks  

To develop the matrix of contacts needed to calculate all network measures, we use 
archival data for contract networks and survey data for resource networks to calculate the ego 
network variables density, size, and bridging, as discussed above.   

The matrix includes all organizations active in any project over the full time period from 
1997-2007.  The contract network matrix for a given year is determined by associations for all 
joint projects active (i.e., beyond initial development stage but not completed) in a given year.  
Contract networks for 2005 and 2007 are needed for our primary analysis, but we will also use 
the networks from 1997-2007 to study the dynamics of network development.  The resource 
network is measured following the technique developed in the 2002 survey-- a mail survey 
instrument that asks respondents to identify from a list of all active organizations those with 
which the respondent’s organization has had regular contacts regarding joint projects and related 
estuary issues.  Since most organizations have multiple respondents, we sum contacts of all 
organizational members when enumerating organizational contacts.  

We extend the measurement of resources network from the 2002 survey by distinguishing 
two dimensions for networks between project participants.  To map the information or 
communication network (e.g., Carpenter et al. 1998; Schneider et al. 2003) we ask “from the list 
of organizations that participated in this project, please indicate how much each of them 
provided you with critical information to use in the project (where “0” is “no information 
provided at all” and “10” is “always provided useful information)”. To measure remaining 
dimensions of the resource network (Provan and Milward 1995, Knoke et al. 1996) we ask a 
similar question rating “how much each of them provided you with resources such as staff, 
financial support, and different services required to fulfill your obligations to the joint project.   
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As noted above, the traditional ego network definitions for individual organizations may 
not capture the most relevant effects of networks on dyadic or project performance.  We 
therefore calculate network variables based on the dyad and project network for analyzing the 
corresponding performance level.   

At the dyad level, for example, the dyad density measure of size Si,j is the total number of 
other actors directly contacting either i or j.  To capture the dyadic equivalent of the constraining 
notion reflected in the ego network density measure we calculate the proportion of mutual 
contacts among all dyadic contacts: the dyad density measure for two actors i and j is Dij= Ci,j / 
Si,j, where  Ci,j  is number of other actors directly contacting both i and j.  We hypothesize that 
this measure provides greater constraints than the more direct equivalent of density, which would 
reflect the proportion of actors mutual contacts who knew each other. To capture the dyadic 
equivalent of the ego network bridging measure, on the other hand, we believe that a direct 
extension of the bridging concept captures the way in which the joint dyadic network expands 
the informational opportunities from the ego networks: the dyad bridging network calculates the 
total number of shortest paths involving either i or j.  Dyadic bridging will therefore be greater 
than the greatest bridging coefficient of i and j, less than the sum of the bridging coefficients, and 
generally will not equal the average of the bridging coefficients.   

Project network measures extend the logic of these dyadic measures to the n-person 
relationship, where n reflects the number of project participants. Since our intensive research 
design fully maps all relevant relationships, we intend to further explore the empirical and 
theoretical connections between the measured discussed in this proposal and the range of 
alternative measures. 
 
Measuring Control Variables:  

We need to include factors affecting both networks and performance to minimize 
spurious effects, to identify the equations to be estimated, and to enrich our general analysis of 
the evolution of cooperation in joint projects.  Those variables include: perceived level of 
fairness towards the respondent’s organizations in estuary issues (Schneider et al. 2003), 
respondent’s organization type (Scholz et al. 2004), organizational concerns with the protection 
of the environment, performance in the previous wave of observation, trust in other stakeholders 
(Ostrom 1990; Scholz and Lubell, 1998; Dasgupta 2000), and financial and human resources 
available for the functioning of the organization (Wondolleck and Yaffee 2000; Steelman and 
Carmin 2002). The estimation of networks configurations at the organizational level will in turn 
include variables like trust in other stakeholders, the organization’s financial and human 
resources, and organization type. In addition, variables included in previous studies (Schneider et 
al. 2003, Scholz et al. 2004) like evaluation of environmental problems’ severity, evaluation of 
quality of scientific information, and the main goals advanced by the organization will be 
incorporated.   

At the dyadic level, the study of performance demands the inclusion of the following 
group of controls: compatibility of beliefs of the organizations composing the dyad, budget and 
staff assigned by the dyad to the project in question, similitude of organizations’ type, and joint 
participation in formal committees in the area. For the estimation of dyadic network measures, 
the controls are the same as those included at the individual organizational level. All of these 
variables will be recalculated for the dyad, simply adding the individual organizational values.  
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Finally, at the project level, the control variables are total budget and staff assigned to the 
project, number of stages at which the project can be contested or revised, number of 
organizations participating, and % of governmental organizations participating in the project.  
Estimation Techniques  

Estimating the impact of networks on performance with panel data provides several 
important advantages over estimates based on a single time period (Finkel 1995), the most 
important being the greater certainty in inferences about the causal relationship behind observed 
correlations.  For our primary hypothesis testing, we use two stage least squares (TSLS) 
procedures to estimate the cross-lagged and synchronous effects model with conditional change 
(Finkel 1995, 37) on data for 2005 and 2007, as pictured below: 

 
In this model, significant positive coefficients β3 and β5 for the appropriate network and 

performance variables would confirm hypotheses H1 (bridging and size impact on number of 
projects) and H2 (density impact on implementation performance).  However, an OLS model 
estimating only these coefficients suffers several potential biases that the full model can avoid.  
First, including the lagged dependent variable provides estimates of conditional change (β1 for 
performance and β5 for network measures) or partial adjustment in the dependent variable over 
time, which accounts for the inertia expected in measures of both performance and networks that 
could lead to model misspecification if only cross-sectional data are available to estimate β5.   
Second, the model assumes reciprocal causality between performance and networks, since the 
number of projects undertaken and the observed level of cooperation by others at time t can 
enhance or diminish the incentives to expand and maintain networks.   

Third, the model accounts for delayed impacts of networks on performance (and vice 
versa), which can be examined by comparing the relative size of the lagged (β3) and synchronous 
(β5) effects.  We assume that the constraining and enabling aspects of networks are imposed 
immediately, but that the impact on performance takes considerable time.  For example, a change 
in density immediately increases the importance of reputation, but changing the organizational 
behavior requires changing attitudes, replacing individuals, and developing new standard 
procedures to bring behavior in line with the new importance of reputation.  In addition, the 
reputational impact of changes in density is also likely to grow over time as group norms and 
individual willingness to invest in punishing defectors adapt to the new structural condition.  
Prior analyses in the NEP study suggest that the 2 year period between surveys was sufficient to 
capture these lagged changes.   

Given these assumptions, the identification condition can be satisfied by exogenous 
variables that are fairly strongly linked to the endogenous performance or network variables but 
not linked to the other.  This is the critical role played by the control variables described above.  
For example, location-specific variables reflecting social capital of the community in which a 
project is undertaken are likely to have a strong impact on the project (Lubell et al 2002), but 
only an indirect impact through project performance on the network structure of an organization 
working throughout the area.   Similarly, organization-specific factors reflecting the culture, 
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resources, and tasks of the organization are likely to be an important determinant of network 
structure (Scholz et al. 2004), but are less likely to impact a given project.   

The following two equation system provides an example of the TSLS model test for H2: 
Cooperationt = α + β1Cooperationt-1 + β3Densityt-1 + β5Densityt     + β7Zp + εp

Densityt   = α + β2Cooperationt-1 + β4Densityt-1 + β6Cooperationt  + β8Zn + εn
where  Zp and Zn are the respective sets of control variables such that each contains at least one 
variable strongly linked to the respective dependent variable but unrelated to the other.  H2 
implies that β3 and β5 should be positive and significant.  Ideally we will simultaneously test the 
impact of the full range of network variables representing both hypotheses (e.g., density, 
bridging and size) on cooperation by adding them to the cooperation equation and adding 
additional equations for each endogenous network variable.  If this process fails due to the 
difficult of finding a unique variable predicting each network variable but unrelated to the others, 
we can at least compare the results of estimating β3 and β5 individually for each variable across 
the range of performance conditions representing both hypotheses (design versus implementation 
for individual, dyadic and project performance) 

To the extent that the selected controls fail to perform as expected, Finkel (1995) shows 
that a third wave of data can still be used to secure unbiased estimates when results from the two 
wave model raise doubts about full identification of the model.  Since we anticipate that the set 
of control variables will suffice, we do not include a request funding for a 2009 survey, but will 
do so if a thorough investigation of the model raises sufficient doubts.  By analyzing this model 
at the organizational, dyadic, and project levels, we can compare the results across analyses that 
use slightly different control techniques to provide an added dimension of robustness. 
Work Plan 

The two surveys are targeted for May-June in 2005 and 2007.  By May 2002 Berardo will 
obtain the full data set on projects, extract and perfect the list of officials to be interviewed, and 
undertake 25-30 open-ended interviews to perfect the questionnaire, gather histories, and probe 
the motivations for maintaining network contacts and for undertaking joint projects.  Scholz will 
lead in the development of the questionnaire and the creation of the advisory board. 

The formal analyses, simulation studies, tests of the reliability of network measures under 
different sampling strategies, and other analyses of network measures will begin as soon as the 
2005 survey data is available.  We use the period between surveys to develop a solid foundation 
for the later analyses, to publish the results of these investigations in support of the future 
analyses, and to make required changes in the survey instrument for the final survey. 

The primary panel analyses will follow the completion of the second survey in June 
2007, and will be published in a series of papers presented to both academic and professional 
audiences.  Our primary product will be an advanced graduate-level text on Policy Networks and 
Cooperation that lays out the methods of analysis and conclusions developed during the project.  
The first section includes chapters introducing the application of evolutionary analysis to 
network games, the simulation analysis of network dynamics, the problems of sampling, 
selecting appropriate empirical measures at the appropriate organizational-dyad-project level for 
testing hypotheses.  The main section will introduce the information-bridging and credibility-
clustering hypotheses, discuss their theoretical foundations and their role in current policy 
developments, present our analyses, and discuss the theoretical and practical implications of our 
findings.  We anticipate the completion of seven dissertations at FSU that will be directly related 
to the data and techniques developed in this project, and the book will reflect the needs of this 
research audience. 
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