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4. Data Analysis 

The experimental data analysis is constructed as follows: fitting the models to the 

overall rounds in game 2; fitting the models to foregoing 2/3 rounds and predicting 

the last 1/3 rounds with parameters estimated before in game 2. To prevent from the 

end game effect, we both abandon the last 25th round. Thus, the total rounds for 

analysis are 24. 

We first have a glance over the basic characteristics of these three experimental 

data, the probabilities of cooperation, mean switches (from C to D or D to C) and 

mean payoffs in game 2. WH has larger probability of cooperation and mean payoffs; 

OP has larger mean switch. The Mann-Whitney test2 tells that OP and RM have a 

little significant difference in mean switches with p-value .061 and in probabilities of 

cooperation with p-value .052. The difference of probabilities of cooperation between 

RM and WH is a little significant with p-value .100. Otherwise, there are no 

significant or a little significant differences between any two treatments in these three 

summary data. 

 

Table 4.1 Treatment summary 
 Round 1~24  Round 1~16 

Trt. p2(c) p2(sw) payoff  p2(c) p2(sw) payoff 

OP .237 .2646 4.511 .246 .1826 4.590 
RM .213 .2100 4.397  .216 .1435 4.416 
WH .284 .2304 4.695  .288 .1696 4.754 

 

   
2 Mann-Whitney test, a non-parametric test, which is used to compare two independent samples. 
Unlike the parametric t test, this method makes no assumptions about the distribution of data (e.g. 
normality, equal variance).  
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Now we investigate the group level data summary. The dispersion of p2(c), p2(sw) 

and payoff between groups in WH is obvious larger than OP and RM. More 

investigation into WH, group 11 has and group 12 has lower mean switches but group 

14 has relative higher mean switches. Also, group 11 has relative higher probability of 

cooperation. 

 

Table 4.2 Group summary 
  Round 1~24  Round 1~16 

Trt. Gr. p2(c) p2(sw) payoff  P2(c) p2(sw) payoff 

 1 .220 .3106 4.446  .268 .2298 4.768 
 2 .217 .2578 4.366  .237 .1739 4.460 
 3 .244 .2298 4.554 .223 .1491 4.455 

OP 4 .214 .2236 4.417  .223 .1801 4.509 
 5 .289 .3013 4.771  .277 .1801 4.759 
 Ave. .237 .2646 4.511  .246 .1826 4.590 
 Std. .031 .0400 .161  .025 .0293 .160 
         

 16 .199 .1708 4.360  .192 .1118 4.308 
 17 .277 .2764 4.747  .268 .1894 4.714 
 18 .155 .1832 4.024  .183 .1273 4.192 

RM 19 .199 .1739 4.336  .205 .1180 4.384 
 20 .232 .2453 4.518  .232 .1708 4.482 
 Ave. .213 .2099 4.397  .216 .1435 4.416 
 Std. .045 .0480 .265  .034 .0345 .198 
         

 11 .408 .1211 5.235  .388 .1025 5.219 
 12 .113 .1677 3.744  .121 .1180 3.790 
 13 .345 .2733 5.083  .357 .1926 5.161 

WH 14 .378 .3509 5.265  .357 .2391 5.179 
 15 .176 .2391 4.146  .219 .1957 4.424 
 Ave. .284 .2304 4.695  .288 .1696 4.754 
 Std. .131 .0899 .702  .115 .0575 .632 
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We start to fit proper models to these three experimental game data. The 

information we revealed to players in all these three treatments is all about payoffs of 

the individual self. The proper learning models would be reinforcement learning 

model and extended reinforcement learning model. Now we fit these two models to 

OP, RM, and WH experimental data. When fitting the models, the first thing which 

we encountered is how to decide the initial attractions. We set the initial attractions by 

the average payoffs of each strategy (cooperation and defection) in game 1 (5 rounds). 

If players didn’t choose one strategy in game 1, the initial attraction for that strategy 

will be set 1. We also tried other two methods for determining the initial attraction of 

each strategy. The first way for determining was set the initial attraction of each 

strategy to every player identical. All initial attractions were 1. The second way: since 

the payoffs of choosing cooperation strategy are 1 and 8, the initial attraction of 

cooperation strategy was generated from Uniform(1, 8). Also, the payoffs of choosing 

defection strategy are 3 and 12, the initial attraction of defection strategy was 

generated from Uniform(3, 12). The way of determining initial attraction of each 

strategy by game 1 average payoff performed better than the other two methods.
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The treatment level result: 

Table 4.3 Treatment level Round 1~24 
 Reinforcement model  Extended reinforcement model 

 OP RM WH  OP RM WH 
MSD .1625 .1331 .1452  .1615 .1318 .1425 

Percent 65.00% 53.24% 58.08%  64.60% 52.72% 57.00% 

φ  .7874 .8033 .8415 .7183 .7507 .7516 
γ  - - -  .1799 .1935 .3710 

λ  .1031 .1259 .0933  .0964 .1103 .0783 

        

LL -844.02 -722.94 -772.57  -835.93 -715.07 -753.68 

Percent 72.48% 62.08% 66.34%  71.79% 61.41% 64.72% 

φ  .8144 .8421 .8546  .7138 .7753 .7507 
γ  - - -  .2694 .2174 .4338 

λ  .0880 .0961 .0812 .0838 .0889 .0694 

AIC -846.02 -724.94 -772.57  -838.93 -718.07 -756.68 

        

POI .2226 .1792 .2054  .2226 .1756 .2030 

Percent 44.52% 35.84% 41.08%  44.52% 35.12% 40.60% 

φ  .4313 .4375 .2867  .5000 .6000 .5556 
γ  - - -  .1000 .0167 .0722 

λ  .1969 .0875 .3195  .3000 .3667 .3556 

Baseline for treatment level: 
Mean square distance 0.25 
Log likelihood -1164.487 
Proportion of inaccuracy 0.5 

From Table 4.3, we see that the treatment RM has the smaller MSD, POI and larger 

LL. The discount factors φ  are all around 0.7 to 0.8 besides those of POI. This 

presents that the players place importance on recent impact from payoff but discard 

the earlier impact from payoff. The differences between each sensitivity parameters 

λ  are not very obvious exception of POI. This says that the players have little 

sensitivities to the impact of payoff changing. The parameters estimated by 

minimizing POI are not reliable since there are many optimization points by some 
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combination of those parameters. POI could provide how the proportions of “wrong 

predictions” are. The baseline of POI index is 0.5 because the game has two strategies 

for choosing. Once there are more strategies for choosing, the baseline of POI index 

would be smaller. If there are 3 strategies for choosing then the baseline is 0.33; if 4 

then 0.25. Comparing these three treatments, RM has the smallest MSD and OP has 

the largest one (RM<WH<OP). The possible explanation for this result is that players 

under RM (Random matching) treatment have no incentives to adjust their strategies 

of choosing cooperation or defection; those players under OP (One-period correlated 

matching) treatment may adjust their strategies once they accumulated one-period 

reputation; and those players under WH (Weighted history correlated matching) 

treatment, like players in OP, would adjust their strategies when they accumulated 

enough reputations (T-value). The frequency of switching one strategy to the other 

one would increase the degree of difficulty of prediction. The average switch (from C 

to D or D to C) of RM, OP, and WH is 4.829, 6.086, and 5.3 in round 1 to 24, 

respectively. This proves the difficulty of prediction under OP treatment. Compare the 

performance of prediction between reinforcement model and extended reinforcement 

model; both MSD and LL indicate that the later model has better prediction although 

the differences of MSD or LL between the two models are not very obvious. The 

improvement in treatment WH is slightly obvious from .1452 to .1425. We put the 

AIC3 (Akaike criterion) for penalizing the parameters used by the models 

The groups under each treatment may have some differences since the experiment 

unit is group and each group includes 14 players. Now we view the prediction results 

of groups under each treatment.

   
3 The Akaike criterion (AIC) is LL-k where k is the numbers of degree of freedom 
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The group level results: 

Table 4.4 OP Group level Round 1~24 
 Reinforcement model  Extended reinforcement model 
 Gp1 Gp2 Gp3 Gp4 Gp5  Gp1 Gp2 Gp3 Gp4 Gp5 

MSD .1657 .1570 .1601 .1369 .1798  .1654 .1562 .1587 .1347 .1794 

Percent 66.28% 62.80% 64.04% 54.76% 71.92%  66.16% 62.48% 63.48% 53.88% 71.76% 

φ  .9284 .7493 .6016 .8012 .8048 .9575 .6869 .5320 .6731 .7716 
γ  - - - - -  -.1255 .1275 .1892 .3026 .1194 

λ  .0504 .1342 .1848 .1109 .0814  .0499 .1252 .1526 .1061 .0760 

            

LL -170.47 -164.50 -169.57 -146.48 -182.10  -170.46 -162.68 -167.69 -143.20 -181.60 

Percent 73.20% 70.63% 72.81% 62.89% 78.19%  73.19% 69.85% 72.00% 61.49% 77.97% 

φ  .9337 .7678 .6692 .8739 .8031  .9385 .6502 .5710 .7210 .7612 
γ  - - - - -  -.0199 .2461 .2542 .4395 .1475 

λ  .0475 .1175 .1312 .0776 .0784 .0473 .1097 .1137 .0807 .0727 

AIC -172.47 -166.5 -171.57 -148.48 -184.1  -173.46 -165.68 -170.69 -146.2 -184.6 

            

POI .2708 .2054 .1964 .1726 .2560  .2679 .2054 .1994 .1756 .2560 

Percent 54.16% 41.08% 39.28% 34.52% 51.20%  53.58% 41.08% 39.88% 35.12% 51.20% 

φ  .5000 .3000 .3000 .5313 .4000  .5000 .4750 .5000 .5597 .5000 
γ  - - - - -  .1000 .1250 .1000 .1097 .1000 

λ  .0000 .0500 .0500 .1063 .3000  .3000 .3250 .3000 .3014 .3000 

 

Baseline for group level: 
Mean square distance 0.25 

Log likelihood -232.8975 
Proportion of inaccuracy 0.5 
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Table 4.5 RM Group level Round 1~24 
 Reinforcement model  Extended reinforcement model 
 Gp16 Gp17 Gp18 Gp19 Gp20  Gp16 Gp17 Gp18 Gp19 Gp20 

MSD .1162 .1669 .1119 .1074 .1582  .1126 .1668 .1117 .1037 .1557 

Percent 46.48% 66.76% 44.76% 42.96% 63.28%  45.04% 66.72% 44.68% 41.48% 62.28% 

φ  .6386 .8241 .8022 .8477 .8009  .6047 .8311 .8363 .7893 .7297 
γ  - - - - -  .2797 -.0219 -.0603 .3806 .3645 

λ  .2598 .0976 .1499 .1090 .1035 .1733 .0996 .1495 .0870 .0817 

            

LL -134.32 -175.42 -122.08 -115.70 -163.95  -129.18 -175.42 -121.83 -110.63 -162.29 

Percent 57.67% 75.32% 52.42% 49.68% 70.40%  55.47% 75.32% 52.31% 47.50% 69.68% 

φ  .8146 .8595 .8651 .8692 .8016  .7201 .8567 .9030 .7985 .7252 
γ  - - - - -  .4676 .0085 -.0845 .3902 .2845 

λ  .1092 .0660 .1144 .1041 .0970  .0831 .0658 .1123 .0882 .0825 

AIC -136.32 -177.42 -124.08 -117.7 -165.95  -132.18 -178.42 -124.83 -113.63 -165.29 

           

POI .1488 .2173 .1488 .1548 .2262  .1339 .2113 .1518 .1458 .2232 

Percent 29.76% 43.46% 29.76% 30.96% 45.24%  26.78% 42.26% 30.36% 29.16% 44.64% 

φ  .1000 .4500 .3000 .3000 .4750  .6389 .5926 .4500 .6086 .5000 
γ  - - - - -  .5056 .4444 .5333 .1895 .5500 

λ  .1000 .0750 .0500 .0500 .0250  .4889 .5093 .5333 .3494 .5000 

 

Baseline for group level: 
Mean square distance 0.25 

Log likelihood -232.8975 
Proportion of inaccuracy 0.5 
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Table 4.6 WH Group level Round 1~24 
 Reinforcement model  Extended reinforcement model 
 Gp11 Gp12 Gp13 Gp14 Gp15  Gp11 Gp12 Gp13 Gp14 Gp15 

MSD .0869 .1028 .1602 .2083 .1442  .0836 .1026 .1594 .2065 .1402 

Percent 34.76% 41.12% 64.08% 83.32% 57.68%  33.44% 41.04% 63.76% 82.60% 56.08% 

φ  .7233 .8956 .8179 .7906 .9158  .5255 .9215 .7717 .7312 .8203 
γ  - - - - -  .5341 -.0723 .1733 .3509 .6470 

λ  .2038 .1116 .0728 .0653 .0706 .1680 .1140 .0701 .0524 .0540 

            

LL -106.57 -115.83 -165.55 -203.83 -151.02  -98.14 -115.78 -164.99 -202.53 -146.39 

Percent 45.76% 49.73% 71.08% 87.52% 64.84%  42.14% 49.71% 70.84% 86.96% 62.86% 

φ  .7744 .9064 .8324 .7845 .9328  .5150 .9169 .7953 .7226 .8059 
γ  - - - - -  .7130 -.0309 .1640 .3333 .5842 

λ  .1370 .1000 .0667 .0638 .0629  .1224 .1009 .0631 .0515 .0576 

AIC -108.57 -117.83 -167.55 -205.83 -153.02  -101.14 -118.78 -167.99 -205.53 -149.39 

           

POI .1131 .1577 .2143 .3601 .2173  .1042 .1429 .2083 .3125 .2202 

Percent 22.62% 31.54% 42.86% 72.02% 43.46%  20.84% 28.58% 41.66% 62.50% 44.04% 

φ  .3000 .1000 .4000 .0000 .2500  .5500 .5500 .5000 .5000 .5556 
γ  - - - - -  .1000 .1000 .5000 .5000 .0667 

λ  .0500 .1000 .3000 .1000 .1375  .3000 .3000 .5000 .5000 .3556 

 

Baseline for group level: 
Mean square distance 0.25 

Log likelihood -232.8975 
Proportion of inaccuracy 0.5 
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The predictions in group level under OP treatment are close to the treatment level 

predictions exception of group 4 and group 5. The MSD of group 4 is the smallest in 

OP treatment and the MSD of group 5 is the largest. We observed that the mean 

switch of group 4 is smaller than the others but the mean switch of group 5 is not the 

largest one. This presents that the degree of difficulty of prediction is not absolutely 

proportional to the times of switch. The dispersions of group MSD in RM and WH 

treatment are larger than OP treatment. The desperation of group MSD within OP, RM, 

and WH treatment by fitting reinforcement model is .0155, .0281, and .0482, 

respectively. The dispersions by fitting extended reinforcement model are close to 

those of reinforcement. The desperation of group MSD in WH treatment is obviously 

large. The MSD of group 14 is about .21, about 2 times the MSD of group 11 and 

group 12. After checking the strategies choosing of each player, there were 5 players 

in group 11 and group 12 keep choosing one strategy from round 1 to round 25. 

Almost zero error of predictions for these players. These players might have strong 

individualism or the game settings and information have no influences on them. The 

mean switch in group 14 is 8.26, pretty larger than the average level 5.47, increasing 

the degree of difficulty of prediction. Furthermore, by checking the added parameter 

γ  in extended reinforcement model, the larger the parameter γ  is, the more obvious 

improvement from reinforcement. Those groups which have larger parameter γ  

make MSD at least .002 decreasing from reinforcement. Those groups are: group 4 in 

OP, group 16, 19 and 20 in RM, group 11, 14 and 15 in WH. 

The estimation and prediction analysis above use 24 rounds of game 2 to maximize 

fit by estimating the parameters of learning model. Since the attractions are updated 

round by round, like in-sample and out-sample in time series analysis, we cut the 

length of rounds into 2 parts, estimating the parameters by the foregoing part and 
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calculating MSD for the follow-up part with the estimated parameters in the foregoing 

part. Separating the total rounds of game 2 into 2 parts: round 1~16 and round 17~24. 

Also, abandon the 25th round choice to prevent form endgame effect. The analysis 

table below shows only MSD but POI or LL because the MSD measurement has no 

relationship with the length of rounds we calculate. It is clear to judge the 

performances of the prediction. 

Table 4.7 Treatment in-sample prediction Round 1~16 
 Reinforcement model  Extended reinforcement model 

 OP RM WH  OP RM WH 
MSD .1749 .1415 .1615  .1747 .1402 .1600  

φ  .7132 .7749 .8519  .6625 .7049 .7848  
γ  - - - .1422 .2684 .3950  

λ  .1187 .1420 .0870  .1148 .1271 .0764  

 

Table 4.8 OP Group in-sample prediction Round 1~16 
 Reinforcement model  Extended reinforcement model 
 Gp1 Gp2 Gp3 Gp4 Gp5  Gp1 Gp2 Gp3 Gp4 Gp5 

MSD .1953 .1721 .1597 .1561 .1799  .1905 .1717 .1588 .1560 .1799 

φ  .8843 .6460 .5242 .7874 .6964 1.0493 .5628 .4564 .7635 .6876 
γ  - - - - -  -.8166 .1852 .2309 .0666 .0286 

λ  .0531 .1528 .2187 .1040 .1153  .0444 .1430 .1801 .1043 .1140 

 

Table 4.9 RM Group in-sample prediction Round 1~16 
 Reinforcement model  Extended reinforcement model 
 Gp16 Gp17 Gp18 Gp19 Gp20  Gp16 Gp17 Gp18 Gp19 Gp20 

MSD .1250 .1662 .1263 .1147 .1697  .1221 .1662 .1259 .1109 .1673 

φ  .4701 .8308 .7455 .7980 .7859  .4408 .8164 .7853 .7163 .6615 
γ  - - - - -  .2920 .0585 -.1294 .4836 .5406 

λ  .3833 .1200 .1785 .1370 .1062  .2687 .1154 .1985 .1120 .0890 
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Table 4.10 WH Group in-sample prediction Round 1~16 
 Reinforcement model  Extended reinforcement model 
 Gp11 Gp12 Gp13 Gp14 Gp15  Gp11 Gp12 Gp13 Gp14 Gp15 

MSD .1180 .1073 .1678 .2136 .1730  .1151 .1044 .1676 .2130 .1699 

φ  .7313 1.1899 .8308 .8165 .8817  .5278 1.3420 .8502 .7838 .7770 
γ  - - - - -  .5314 -1.0113 -.1127 .2540 .6671 

λ  .1712 .0622 .0708 .0590 .0717  .1618 .0796 .0734 .0526 .0615 

 

Table 4.11 Group in-sample prediction Round 1~16 

 Reinforcement model 
 Extended  

reinforcement model 
 OP RM WH  OP RM WH 

1st Gp. .1953 .1250 .1180  .1905 .1221 .1151 

2nd Gp. .1721 .1662 .1073  .1717 .1662 .1044 

3rd Gp. .1597 .1263 .1678 .1588 .1259 .1676 

4th Gp. .1561 .1147 .2136  .1560 .1109 .2130 

5th Gp. .1799 .1697 .1730  .1799 .1673 .1699 

Average .1726 .1404 .1559  .1714 .1385 .1540 

Std. Dev. .0159 .0256 .0435  .0144 .0264 .0444 

 

Table 4.12 Treatment out-sample prediction Round 17~24 
 

Reinforcement model 
 Extended  

reinforcement model 
 OP RM WH  OP RM WH 

MSD .1409 .1167 .1126  .1417 .1143 .1099 
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Table 4.13 Group out-sample prediction Round 17~24 

 Reinforcement model 
 Extended  

reinforcement model 
 OP RM WH  OP RM WH 

1st Gp. .1214 .1005 .0311  .1214 .0958 .0271 

2nd Gp. .1410 .1713 .0950  .1368 .1729 .0950 

3rd Gp. .1559 .0973 .1507  .1493 .0973 .1507 

4th Gp. .1059 .0955 .2244  .1028 .0910 .2175 

5th Gp. .2082 .1401 .0932  .2065 .1399 .0810 

Average .1465 .1209 .1189  .1434 .1194 .1142 

Std. Dev. .0394 .0336 .0726  .0393 .0358 .0726 

 

The RM and WH treatment have smaller MSD in the predictions of out-sample, 

especially in treatment WH. The second part of each group in treatment RM and WH 

stabilized except 2nd group in RM and 3rd and 4th group in WH, that is, few conditions 

of adjusting strategies. The MSD of treatment WH is smaller than the one of treatment 

RM in out-sample prediction, unlike the way in in-sample prediction. Treatment OP’s 

MSD in extended reinforcement model is larger than the one in reinforcement model. 

Otherwise, the dispersion of group MSD in out-sample predictions is larger than that 

in in-sample predictions. The difference of dispersions within groups’ MSD between 

OP and RM in out-sample is small. Like the predictions in in-sample, treatment WH 

has a great dispersion. 


