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3 MLG, Université Libre de Bruxelles, Brussels, Belgium

1 Introduction

Different types of people learn how to make decisions differently, especially when making
complex choices informed by social network interactions. The details about these differences
are still largely unknown. In this paper, we investigate how differences in cooperativeness are
linked with our deliberation process in different social contexts. We study how long it takes for
subjects to learn to play the game and how this depends on the network structure. The Drift
Diffusion Model (DDM) [2] gives us a unique perspective and ability to quantify the subject’s
cautiousness by observing response times. We found that subjects playing Prisoner’s Dilemma
in a network act more cautious with respect to a pairwise setting. Moreover, subjects start to
learn the game within 10−30 rounds, and from this moment on, they do not change much how
they play the game. We then categorise subjects in those who cooperate/defect most of the time
regardless of what others do and those who adapt their actions to what the other players do
in the previous round. Our DDM analysis predicatively shows that those who react to others’
actions perceive a difference in their cautiousness between playing in a fixed-neighbors setting
versus a shuffled-neighbors network setting. We thus hypothesize that these settings enable
building a trust relationship which plays a role in this case.

2 Methods

This paper builds upon recent research that studied the evolution of the decision process over time [1]
in iterated Prisoner’s Dilemma games by using the Drift Diffusion Model (DDM) by Ratcliff [2].
We can extract the subject’s threshold in a decision task from the distribution of decision times and
actions (cooperate or defect) of an ensemble of users and rounds. This decision threshold can be
interpreted as the subject cautiousness, the wider the threshold, the more deliberative the decision
should be; whilst the narrower the threshold, the decision task is more instinctive, less cautious.

We collected data from experiments using networked and pairwise topologies where subjects
played Prisoner’s Dilemma. The experimental data collected consisted of the six treatments detailed
in Table 1, which three were pairwise experiments and three were in a Moore’s Neighborhood net-
work.

Payoff Matrix Shuffled Pairwise Fixed Pairwise Shuffled Network Fixed Network

(R = 3, T = 4, S = 0, P = 1) SP (n = 96) FP (n = 58)
(R = 3, T = 4, S = 0, P = 0) FW (n = 18)
(R = 7, T = 10, S = 0, P = 0) SN (n = 169) FN1/FN2 (n = 169)

Table 1: Detail of each of the treatments. SP: Shuffled Partners, FP: Fixed Partners, FW: Fixed Weak
PD, SN: Shuffled Network and FN1/FN2: Fixed Network 1 and 2.



To split players by different types, we use two measures, s1 for the number of rounds which they
cooperated and s2 their desired outcome allocation given their opponents’ actions. This way, we can
measure cooperativeness not only as of the isolated act of cooperating but also to what extent their
opponent’s actions affect their own.

3 Results

In the first analysis, we show how the perceived cautiousness seems to have a steeper decrease until
rounds 21− 30 in the pairwise interactions (Figure 1(a)) and earlier in the rounds 11− 20 for the
network (Figure 1(b)). This “knee” point was calculated to show the point of the curve where the
time series starts to stabilize [3]. This is reflected in how the Pearson correlation coefficient of the
rounds 20− 30 with their final cooperativeness is over 0.8 in all treatments (p < 0.001), while in
early rounds this is as low as 0.12 (p = 0.05).
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Fig. 1: Player’s cautiousness over time, represented by the threshold parameter of DDM fitted
to the decision times grouped by 10 rounds. We observe that subjects’ cautiousness decreases over
time as they learn the game and feel more comfortable playing it. Moreover, there is a change in the
time series from a steep decline to a slow decline, as a point where the subjects learn the game. The
vertical line represents the “knee” or where the curve starts to stabilize. The panel on the right shows
how in the network setting at the start of a new experiment, subjects become again more cautious,
yet less than at the start of the game.

For the second analysis, we split the subjects according to their s2 score as shown in Figure 2.
Those near zero, have a more reactive behavior (i.e. tit-for-tat) and aim for equality in outcomes.
Also, we have the other two extremes, mostly-cooperate and mostly-defect, who acted mostly de-
spite their opponents’ actions. We showed how reactive subjects (tit-for-tat strategy) experience an
increase in their decision threshold in fixed settings (figure 2(b) and 2(e)) with respect to random
opponents. In the network treatment, both tit-for-tat and Mostly-cooperate experienced a slight in-
crease in their decision threshold when they changed from a fixed network to a shuffled setting
(figure 2(d) and 2(e)). And while in both treatments those who mostly defected had their threshold
higher than tit-for-tat or mostly-cooperate, they do not see a significant difference in their threshold
when put in a random opponent setting as seen in figure 2(c) and 2(f).
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Fig. 2: Reactive subjects are more cautions when their network topology changes. Threshold of
the decision for subjects per treatment according to their s2 score. Up: pairwise settings and down:
network settings. All the fitting and testing for convergence was done in HDDM [4] using on average
320 decisions per round window.

4 Conclusions

First, DDM’s threshold parameter acts consistently with the interpretation of cautiousness. It de-
creases over time, as we would expect, it is higher in more complicated setups and for reactive
people, it is higher in the situations when they need to react. Second, it takes way more than 10
rounds for subjects’ behaviour to stabilize in an experimental setting. This is a very important in-
sight because there are a large amount of very short experiments, typically around 10 rounds. 3)
people who act the same in any kind of context are equally cautious in all of them. However, people
who react to their context are more cautious if they are building a trustworthy relationship (with a
fixed network of opponents) than if there is no possibility for that (like when their network is shuffled
each round).
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