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Abstract

In real social systems, individual behavior and environmental states interact and coevolve. Within
the framework of the prisoner’s dilemma game on structured populations, this study introduces an
environmental feedback mechanism that simultaneously influences individual fitness and decision
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expectations, and investigates the evolutionary dynamics of cooperation under the coupling of envi-
ronmental feedback and an expectation imitation hybrid update rule. Numerical simulations show
that environmental feedback can significantly enhance the overall level of cooperation and extend the
parameter region in which cooperation can be sustained, even under strong temptation to defect. Fur-
thermore, we find that the promotive effect of the expectation sensitivity parameter g exhibits a pro-
nounced interval dependence, with excessively large values of § instead undermining the stability of
cooperation. These results provide new insights into the interplay between environmental dynamics,
individual expectations, and the evolution of cooperative behavior.
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Figure 1. Schematic illustration of environmental feedback and a hybrid decision-making mechanism
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Figure 2. Fraction of cooperators as a function of the temptation to defect b for different values of & . All the results are
obtainedat A=0.2,¢=0.6,u=0.5,43=0.2
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Figure 3. Effect of the mixing weight « on the evolution of cooperation under different environmental weights u . All
results are obtained at 6§ =0.05, A=0.2,and S=0.2. From (a) to (d), the valuesof u are 0, 0.3, 0.6,and 0.9, re-

spectively
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Figure 4. Panel (a) shows the variation of the fraction of cooperator with the temptation to defect b under different aspiration
sensitivities S at a = 0.6; Panel (b) shows that the fraction of cooperators is independent of S for different values of b. All

results are obtained at 6 =0.05, A=0.2,and u=0.5
4. (@) BRTHE o = 06 REHIZHEE § FATKEMERBERSH b OB, () BRTAMEKFERR b
Txt g ERMIIM. SHEER =005, A=02Fu=05m%HTKE

1.0

0.8 A

0.6 1

0.4

0.2

0.0

T T T
1.0 1.2 1.4 1.6 1.8 2.0
b

Figure 5. Variation of the fraction of cooperators under the combined effects of the parameters 4 and b
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Figure 6. Panel (a) shows the fraction of cooperator for different combinations of u and g; Panel (b) presents a mechanism-
isolation comparison along the b direction
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Figure 7. Snapshots of the spatial distributions of cooperators (blue) and defectors (red) under different values of £, u,and
Monte Carlo steps (MCS). All results are obtainedat b=1.08, A=0.2, «=0.5 and §=0.05
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Figure 8. Panel (a) shows the boundary transition probabilities; Panel (b) presents a mechanism-isolation comparison at
b=1.08 and b=1.35
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