












In the second row we fix the interconnectivity factor while increasing the 
average degree of the network from 4 to 8 and 16.  We observe that the second 
evolutionary stable state disappears.  This result is mainly due to the fact that for fixed 
population sizes, average degree and the interconnectivity factors are not independent 
values.  Regardless of that, as both lines were pushed to the right, the escape corridor 
from the zone of norm establishment toward the evolutionary stable state in the zone of 
norm collapse is very narrow indicating that with a high level of noise the system may 
spend a lot of time in the zone of norm establishment. 
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FIGURE 2.  Expected dynamics of the metanorms model on networks.  We use 
Axelrod's original parameter values and assume continuity of boldness and 
vengefulness.  We also assume relative homogeneity of agents' strategies. The x-axis 
represents average boldness; y-axis represents average vengefulness. The meaning of 
the colors and lines are explained in the text. 

Simulation results 
 

We implemented the model in Java 2 using RePast 3 (North et al. 2006) and 
JUNG libraries3.  We conducted several experiments, focusing on the role of the 
interconnectivity factor in the dynamics of the metanorms model.  Bear in mind that the 
results presented in the previous section about the influence of the interconnectivity 
factor on the game and indirectly on the influence of the clustering coefficient and 
average degree of the network were derived from an abstraction of the game.  To 
confirm these analytical results, we simulated the game for 10000 runs.  Each run was 
initialized with different interaction topologies and produced time series of the 

                                                            
3 http://jung.sourceforge.net/  



proportion of time that the system, in the long run, is in the zones of norm collapse and 
norm establishment. We used networks generated by the Barabasi-Albert and Watts 
algorithms, randomizing the parameters of network generation and varying evolutionary 
details of the network.  Figure 3 shows the percentage of time the system spends in the 
zone of norm establishment as a function of the interconnectivity factor and clustering 
coefficient of the network for networks with average degrees between 4 and 7. 
 

FIGURE 3. Percentage of time the system spends in the zone of norm establishment 
(EMRG) depending on the interconnectivity factor (INTERCONN), on the left panel, 
and clustering coefficient (CCB), the right panel, of the network. 
 

In the left diagram of Figure 3 we observe that the average amount of time spent 
in the zone of norm establishment increases monotonically with the interconnectivity 
factor.  It also illustrates that there is an important variance and some outliers in the 
graph.  This may be due to the influence of the evolutionary details of the game for each 
specific simulation, but more work is needed to confirm this hypothesis.  The right 
diagram represents the same percentage of time but as a function of the clustering 
coefficient of the network: the higher the clustering coefficient of the network the more 
time spent in the zone of norm establishment.  Also note that the variance of the average 
time for norm establishment clearly increases with its size. However, as the 
mathematical model suggests, the interconnectivity factor seems a better predictor.  
 

CONCLUSIONS  
 

We combined mathematical simulation approaches to analyze evolutionary 
games played on networks.  We investigated the influence of the average degree and the 
interconnectivity factor of an interaction network on the process of norms emergence in 
the metanorms model by analytical and simulation techniques. Simulation results 
obtained confirmed the positive influence of interconnectivity factor on reinforcing the 
meta-punishment mechanisms. 
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