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Abstract

Cooperative behaviors are typically investigated using social dilemmas inserted into scenar-

ios with well-known characteristics. Nonetheless, in real life, group members may be uncer-

tain about what others will decide (social uncertainty) and the characteristics of the dilemma

itself (environmental uncertainty). Previous studies have shown that uncertainty reduces the

willingness to cooperate. Dual-process approaches to cooperation have given rise to two

different views. Some authors argue that deliberation is needed to overrule selfish motives,

whereas others argue that intuition favors cooperation. In this work, our goal was to investi-

gate the role of intuitive mental processing on cooperation in a prisoner’s dilemma game

involving uncertainty. Our results showed that participants cooperated less with their coun-

terparts as the number of rounds progressed, suggesting a learning process and that intui-

tive mental processing in the first 50 rounds appears to favor cooperation under both

deterministic and stochastic conditions. These results may help clarify the literature’s mixed

effects regarding cognitive processing manipulation on cooperation. Developing a better

understanding of these effects may improve strategies in social problems involving coopera-

tion under uncertainty and cognitive constraints.

Introduction

Cooperative behaviors are defined as actions in which individuals benefit another individual

or group of individuals while having a personal cost to themselves [1]. These types of behaviors

have existed since the days of our hunter-gatherer ancestors, being demonstrated through vari-

ous actions such as joint living, cooperative hunting, and sharing resources, all of which are

necessary for their survival [2]. Cooperation continued to change and evolve within small and

large societies alike throughout the centuries and gave the human species an enormous evolu-

tionary advantage [2]. Still, generalized cooperation remains one of the greatest unresolved

mysteries in the evolution of our species [3,4]. While many individuals recycle, give blood, pay

taxes, vote, tip, and donate to charities in the modern world, not all individuals choose to

cooperate [5]. Thus, the question emerges: why do some individuals cooperate while others do

not?

Several mechanisms have been proposed to explain cooperation [6,7], such as (i) kin selec-

tion (helping relatives [8]); (ii) direct reciprocity (trading favors [9]); (iii) indirect reciprocity
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(maintaining a good reputation [10,11]); (iv) special selection (clusters of cooperators outcom-

pete defectors [12,13]); (v) multilevel selection (competition is not only between individuals

but also between groups [14]); and (vi) enforced cooperation (mechanism for rewarding coop-

erators or punishing defectors [4,15]).

Cooperative behavior has mainly been investigated using social dilemmas [16–18]. In the

beginning, social dilemmas were characterized by two essential properties [19]:

(i) each individual receives a higher payoff if they decide to defect, no matter what the oth-

ers choose, and (ii) all individuals receive a lower outcome if all defect rather than if all cooper-

ate. Later, social dilemmas were defined as interdependence situations characterized by a

conflict between immediate self-interest and long-term collective interest [18].

Researchers have studied social dilemmas from different disciplines and used different

methodologies to understand cooperation [20]. Two of the most prominent and highly used

social dilemmas are the Prisoner’s Dilemma (PD) and the Public Goods Game (PGG) [21–23].

For example, in the PGG dilemma, all members may benefit regardless of whether they con-

tributed to the good [20]. The PD has received much attention throughout the years and has

become a leading paradigm for exploring cooperative decision-making [21,24–26]. It is often

used as the basis for defining a resource dilemma [18]. Specifically, this game involves two

players, and each player needs to choose between two strategies: cooperation (C) or defection

(D—see Table 1). The relative value of the four possible outcomes defines this game [17,21].

Both players will receive a reward (R) if both cooperate and a punishment (P) if both choose to

defect. However, when a defector meets a cooperator, they exploit the cooperator and receive

the temptation (T), and the cooperator is left with the sucker’s payoff (S). In the prisoner’s

dilemma game, the outcomes should have the following relationship: T>R>P>S [26,27] Even

though it is individually optimal to defect (no matter what the other does), the optimal result,

assuming none of the parties is willing to be exploited, requires both parties to cooperate

[21,26].

These social dilemmas have been used to model human behavior in social dilemmas like

pollution control, intergroup conflict, or the depletion of natural resources [20].

Cooperation under uncertainty

In most social dilemma experiments, the dilemma’s characteristics (e.g., the payoff matrix, the

number of iterations, and the number of participants) are usually known by all members with

certainty [28]. However, such defining characteristics are not always evident in real-life situa-

tions. For example, several alternative strategies may be available in real-life situations, and the

outcome of interactions may be uncertain [29]. Such uncertainty may be fractioned into two

distinct constructs: risk (i.e., the probability of outcomes are known) and ambiguity (i.e., the

probability of outcomes are unknown [30]). In uncertain social dilemmas, members of a

group may be unsure about what the other players will decide (i.e., social uncertainty), as well

as about the characteristics of the dilemma itself (i.e., environmental uncertainty [28,31]). Sev-

eral studies have shown that environmental and social uncertainty reduces the individuals’

willingness to cooperate in various social dilemmas [18,28,32,33]. In fact, individuals tend to

avoid uncertainty both within social [34] and non-social domains [35,36].

Table 1. Payoff matrix of a Prisoner’s Dilemma (PD) game.

Player 2

C D

Player 1 C R, R S, T

D T, S P, P

https://doi.org/10.1371/journal.pone.0265759.t001
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Nonetheless, some studies have shown that if the uncertainty is lowered, providing partici-

pants some feedback regarding how their counterparts responded in the previous trial, their

willingness to cooperate might increase [37,38]. If individuals find that their counterparts

cooperate with them, they will also be more willing to cooperate. Conversely, if their counter-

parts did not cooperate, they will become less motivated to cooperate in subsequent trials

[28,39]. A recent framework explains that humans, to reduce social uncertainty, tend to use

three interrelated mechanisms [34]: i) automatic inferential processes like the formation of

impressions that rapidly and with little effort narrow one’s predictions using past knowledge

and contextual cues for reducing the uncertainty of how the other person might think and

behave; ii) more controlled inferential processes that additionally adjust these automatic predic-

tions through a mental representation of the other person’s thoughts and feelings; and iii)

learning processes that update one’s predictions based on feedback.

Several studies have investigated how different types of environmental uncertainty (e.g.,

resource size uncertainty, group size uncertainty) influence cooperation [28]. For instance,

resource size uncertainty (i.e., the payoff matrix) decreases the overall cooperation rate [28].

Indeed, previous studies have observed that participants tend to: (i) overestimate the resource

pool’s size; (ii) increase their requests and overharvest and also expect others to increase their

request [33,40–43]; and (iii) there is an increase of the inter-participant variance [28,43].

Additionally, Gong et al. examined the degree of cooperation both in individuals and

groups under resource size uncertainty using two versions of the PD: one Stochastic Prisoner’s

Dilemma (SPD) and one Deterministic Prisoner’s Dilemma (DPD) [44,45]. On the SPD, the

outcomes of strategies are uncertain with known probabilistic outcomes. Each player knows

that cooperation without their opponent’s corresponding cooperation exposes them to losses

with defined probabilities. The related deterministic game is obtained by replacing the stochas-

tic game’s probabilistic outcomes with the expected values (value x corresponding probability).

Although groups are less cooperative than individuals in the DPD game, a reversed effect was

observed when uncertainty was present. Groups were more cooperative in SPD games than

individuals [44]. The authors report a learning process in their study as participants repeatedly

played a game with feedback. The data showed that participants tended not to cooperate as the

number of rounds and supergames increased. Other studies also report that cooperation sig-

nificantly decreased over time under repeated games with feedback [2,46].

Considering now another type of environmental uncertainty, group size, previous studies

have shown a more positive effect on cooperation [47–52]. This type of uncertainty leads to

more contributions in resource dilemmas [49] and decreases over-harvesting compared to

group size certainty[47]. In a recent study, the authors manipulated the group size under linear

public good games and found that uncertainty/risk significantly positively affected conditional

cooperation [51].

Even though many researchers have explored the influence of uncertainty on social deci-

sion-making, this topic remains poorly understood [30]. Moreover, research still needs to

explain why and how cooperation decreases in some types of social and environmental uncer-

tainty. Thus, to better understand the influence of risk and uncertainty on cooperation, more

studies should be developed to identify how the uncertainty constructs and cognitive mecha-

nisms influence cooperation [30].

A dual-process approach to cooperation

The cognitive mechanisms underlying cooperative behavior are explored in the literature by

applying dual-process models, which conceptualize decisions as arising from a competition

between intuitive ("automatic") versus deliberative ("controlled") cognitive processes [53].
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Knowledge of dual-process theories has increased over recent years [53–58]. One of the mod-

els developed assumed two types of processes: Type 1 and Type 2 [57]. Type 1 processing is

characterized by having autonomy–it does not require "controlled attention." Autonomous

processes tend to be fast, automatic, nonconscious, independent of cognitive ability, experi-

ence-based decision-making, and do not put a heavy load on central processing capacity [57].

In this definition, Type 1 processes give rise to intuitions [59,60]. In Type 2 processing,

responses rely on hypothetical thinking and working memory. This type of response is slow,

conscious, sequential, consequential decision making and correlated with cognitive ability

[57].

Researchers have manipulated cognitive processes using time constraints methods

[54,61,62]. For example, to promote Type 1 processing, participants respond within a given

time window ("time pressure" condition). In contrast, to facilitate Type 2 processing, partici-

pants may think carefully for some time over the decision problem before deciding ("time

delay" condition) [54,61,62].

The seminal study regarding decision time and cooperation revealed that time pressure

manipulation increases cooperative behavior relative to the time delay in the one-shot public

goods game [61]. Subsequent studies went on to replicate these findings and found that this

effect increases significantly amongst inexperienced and trusting participants compared with

individuals experienced in experimental economic games [63,64]. This observation led to the

development of a theory that predicts when intuition will, and will not, influence cooperation–

The Social Heuristics Hypothesis (SHH) [64,65]. According to the SHH, "people internalize

strategies that are typically advantageous and successful in their daily social interactions" [64].

Researchers have distinguished between pure and strategic cooperation to understand better

SHH effects [54,62]. Pure cooperation refers to situations where defection is always payoff

maximizing, regardless of the other person’s decision (e.g., one-shot prisoner’s dilemma).

On the other hand, strategic cooperation refers to how cooperation or defection can maxi-

mize payoff, depending on the other players’ decisions [54,62]. In repeated interactions (e.g.,

repeated prisoner’s dilemma), cooperation can be payoff-maximizing as long as the other play-

ers’ reputation is known and the possibility of reciprocation exists [66,67]. If deliberation

favors payoff-maximizing responses, then promoting deliberation should only reduce cooper-

ation when defection is the payoff-maximizing choice. Therefore, intuition should favor coop-

eration when defection is payoff-maximizing, while deliberation should favor defection

[62,68]. The SHH assumes that over time, strategies that are typically successful become the

default response. Thus, individuals who generally interact in environments where cooperation

is advantageous should be predisposed to cooperate even if, on occasion, this does not maxi-

mize outcomes: they have internalized a cooperative strategy [62,63,66,69]. On the other hand,

deliberation adjusts behavior towards the optimum strategy for a given situation. Thus, delib-

erative responses tend to be less cooperative than intuitive responses in interactions where

defection is the optimum strategy [62].

Several subsequent studies using PGG have obtained results consistent with the seminal

work, revealing a positive effect of time pressure on cooperation [70]. Moreover, this result

was found even when the game is played with outgroup members [71,72] and in competitive

public goods games [73].

Other studies using PD and PGG found the opposite effect of time pressure on cooperation

[74–76]. Furthermore, several studies have also failed to find the effect of time pressure on

cooperation [69,77–79]. Moreover, several recent studies have found that individual factors

have a moderator effect on time pressure on cooperation. For example, a recent study found

no overall effect of time pressure on cooperation in both one-shot and repeated PGG; however,

they found that time constraints interact with two individual characteristics: Social Value
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Orientation and Strategic Uncertainty [5]. Additionally, while exploring the moderating effect

of individual risk factors (integrating measures of individual dominance, self-control, and self-

construal), the authors found that time pressure increases cooperation, but only among low-

risk propensity men [80]. However, the effect reverses among high-risk propensity men [80].

Contrarily to previous findings that cooperation is faster than defection, or vice versa, a

study has shown that reciprocal decisions occur more quickly in repeated interactions [81].

Furthermore, the authors show that cooperation is faster than defection in cooperative social

environments, while defection is faster than cooperation in non-cooperative environments.

The result found can be explained because, in repeated interactions, people are strongly influ-

enced by the previous behavior of their interaction partners [82,83]. However, in the study, the

authors also evaluate the situation when participants do not know the decision of their interac-

tion partners (e.g., in an unknown environment). In this situation, the decision times are simi-

lar to those in the cooperative environment–cooperation is faster than defection. Results from

the unknown environment are consistent with the idea of the SHH that participants’ frequent

interactions with cooperative institutions caused them to expect others to cooperate and to

want to cooperate themselves [81].

The first meta-analyses found evidence supporting the SHH’s prediction; intuition

increases cooperation in games where non-cooperation was strictly payoff-maximizing [62].

On the other hand, results found that intuition does not affect games where cooperation could

be payoff-maximizing (e.g., games in which reciprocity was possible) [62]. Moreover, a recent

meta-analysis found that the effect of intuition on cooperation was driven by conceptual

primes explicitly asking people to rely on their emotions [84]. Besides, in a response paper to a

pre-print version of the meta-analysis, the author found a positive effect of intuition on a one-

shot game, which remains significant when restricting the analysis to studies that do not use

explicit primes [68].

The present study

The present study aims to empirically investigate the cognitive mechanisms of human cooper-

ation by analyzing the impact of intuition on individual cooperation under uncertainty. Given

that this is a new research field and that the uncertainty present in our lives can affect our judg-

ments and decisions, studying these two variables–cognitive mechanisms of cooperation and

uncertainty- becomes essential.

Additionally, observing the choices of subjects over time is crucial once real-life situations

are often characterized by repeated interactions [1]. Furthermore, extending research on deci-

sion time to repeated games may explain the mixed results found in the literature and may

help to clarify the relationship between decision time and cooperation [54,81,85]. Specifically,

in this study, we will examine how rates of cooperation change 1) during the repeated prison-

er’s dilemma and 2) between different combinations of time pressure and uncertainty.

Following previous observation regarding the decrease in cooperation in the repeated pris-

oner’s dilemma [44], we expect cooperation to decrease over time in our first hypothesis.

Given this pattern of cooperation rates and the findings in games with repeated interactions

[81] in our second hypothesis, we expect that time pressure manipulation will favor coopera-

tion in the first interactions since we expect a more cooperative environment in the beginning.

On the contrary, in our third hypothesis, we expect that time pressure manipulation will not

affect cooperation as the game progresses.

Additionally, we aim to understand the effect of the manipulation of uncertainty on indi-

vidual cooperation, considering that previous findings on uncertainty stated that uncertainty

reduces the willingness to cooperate [28,44]. Therefore, our fourth hypothesis is that
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cooperation will be higher in the deterministic version of the PD, and individuals will be less

cooperative in the stochastic version of the game (when uncertainty is present).

To extend the knowledge in this field, we also aim to understand the relationship between

uncertainty and time pressure manipulation since cooperative behavior diminishes under

environmental uncertainty situations [44] and under time delay [62,64]. However, when add-

ing a time delay, cooperative behavior will decrease under conditions of uncertainty. There-

fore, we hypothesized that time pressure manipulation augments cooperative behavior under

conditions of uncertainty.

Method

Participants

A power analysis using the G�Power computer program (version 3.1) [86] indicated that a

total sample of 102 participants would be needed to detect significant effects of the uncertainty

effect with 90% power using a z test with a binomial distribution and alpha .05. Therefore, our

sample comprised a total of 112 university students (88 women), ranging between 17 and 44

years of age (M = 21.90, SD = 4.83). Participants belonged to the University of Minho, with

107 psychology students. Regarding the year of the degree they are attending, sixty-nine partic-

ipants (61.6%) reported being in a bachelor’s degree, forty-seven participants (25.0%) report

being in the masters, and fifteen participants (13.4%) report being in the first year of a doctoral

degree or doing a postgraduation. From the total number of participants, one hundred four

participants (92.9%) were Portuguese, five Brazilian, two Spanish, and one British. However,

all students report living and studying in Portugal. Thirty-three participants (29.5%) reported

a medium-high socio-economic value, sixty-four participants (57.1%) reported a medium

value, and fifteen (13.4%) reported a medium-high socio-economic value. All participants

gave their written informed consent, according to the Helsinki Declaration. The Ethics Com-

mittee for Research in Social and Human Sciences (CEICSH) of the University of Minho,

approved the study. There were no exclusion criteria. Participants were naive concerning the

whole experimental procedure (they believed they were playing a problem-solving experi-

ment) and received credits for their involvement. Two participants were randomly chosen to

receive a prize using the same procedure as Gong et al. [44]; however, instead of money, partic-

ipants received a shopping voucher proportional to the points gained in the experiment.

Materials

Sociodemographic questionnaire. Participants answered questions regarding age, gen-

der, nationality, socio-economic level, and university degree level.

Balloon Analogue Risk Task (BART;[87]). This task measures risk-taking propensity

and comprised 30 balloon trials. In this task, the computer screen showed: i) a computerized

balloon; ii) the number of pumps on that balloon; iii) a second display listing the points earned

on that balloon, labeled "Points so far in this balloon"; and iv) a permanent points-earned dis-

play, labeled "Total Points", that added up the points scored on the 30 balloons presented. Each

time participants pressed the e key on the keyboard (labeled "e" for a pump), the balloon could

expand (about 0.125 inches [0.3 cm] in all directions), and consequently, participants would

earn 10 points. After pressing the "e" key as many times as participants wanted, they needed to

press the "p" key on the keyboard to stop and collect the points. However, the balloon could

explode when participants were pressing the "e" key for a pump, and consequently, participants

would lose all the points earned on that trial. After each trial, a fixation cross appeared on the

center of the screen for 1s, and the subsequent balloon trial began. The probability that a bal-

loon would explode ensured that, on average, the optimal number of pumps in each trial was
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64. Briefly, 15 integers between 1 and 128 were randomly generated. These random numbers

determined the explosion points for 15 balloon trials. The remaining 15 trials are set equal to

128—X + 1, where X was the vector of 15 randomly generated. Before starting the task, partici-

pants played one practice trial to ensure they understood the terms.

Big Five Inventory (BFI; [88,89]). This instrument assesses personality traits in five

dimensions: agreeableness, conscientiousness, extroversion, neuroticism, and openness to

experience. It comprises 44 easy-to-understand short sentences, each referring to only one of

the Big Five personality dimensions. Participants indicate the extent to which each trait applies

to themselves (e.g., "I see myself as someone who tends to be lazy"), using a 5-point scale ranging

from 1 "Strongly disagree" to 5 "Strongly agree". The BFI has good internal reliability (Cron-

bach’s α = 0.65–0.86) [89].

Interpersonal Reactivity Index (IRI;[90,91]). This instrument assesses empathy and

comprises 24 statements about feelings and thoughts that the person may or may not have

experienced. The instrument contains four subscales, each with six statements: Perspective

Taking (PT), Empathic Concern (EC), Personal Discomfort (PD), and Fantasy (F). Partici-

pants indicate, for each statement, the extent to which it applies to themselves (e.g., " I often
have tender, concerned feelings for people less fortunate than me") on a 5-point Likert scale,

from 0, "It does not describe me well", to 4, "Describes me very well". The translation and valida-

tion study to the Portuguese population confirmed the adequate internal consistency and good

reliability of this instrument in the assessment of empathy (PT Cronbach’s α = 0.73; EC Cron-

bach’s α = 0.76; PD Cronbach’s α = 0.80; F Cronbach’s α = 0.84) [91].

Short-form of the Positive and Negative Affect Schedule (PANAS–SF; [92,93]). This

scale measures positive and negative affect and assesses the participants’ current mood state. It

includes five adjectives covering positive mood (e.g., "excited," "inspired") and five adjectives

covering negative mood states (e.g., "nervous," "guilty"). Participants are asked to show to what

extent, at the time of the response, they feel the emotion represented in each item on a 5-point

Likert scale ranging from 1, "Very little or nothing", to 5 "Extremely". This instrument has good

internal reliability (Cronbach’s α = 0.81 for positive affect, 0.88 for negative; [93]).

Game-related questionnaire. Participants were asked an open question regarding their

strategy during the game. They were also asked to indicate to what extent they were close to

the other participants and how much they cooperated (with the other participants present in

the game) in their daily life on a 7-point Likert scale, from 1, "Very little or nothing" to 7,

"Extremely". Also, participants were asked four questions regarding the execution of the task:

(a) how pleasant it was; (b) how stressful it was; (c) how difficult it was; and (d) how well they

understood both the instructions and the task on a 7-point Likert scale, from 1, "Very little or
nothing" to 7, "Extremely".

Procedure

The study was conducted in the behavioral lab of the School of Psychology at the University of

Minho. Participants arrived at the lab in groups of four and were randomly assigned to one

condition. More specifically, participants were divided into four conditions in a 2 (game type:

Deterministic Prisoner’s Dilemma [DPD] vs. Stochastic Prisoner’s Dilemma [SPD]) × 2 (deci-

sion time: time delay vs. time constraint) between-subject design. Each participant used one

computer to make their decisions. Computers were placed in the experimental room and in

separate stations enclosed by cubicle dividers to provide anonymity. Participants were approx-

imately 150 cm apart from each other. The informed consent was presented first, followed by

the sociodemographic questionnaire and the Positive and Negative Affect Schedule

(PANAS-SF) for all participants, then participants played the game task. At the end of the
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game task, they answered the game-related questionnaire, the PANAS-SF, and completed the

Balloon Analogue Risk Task (BART). Finally, participants answered the Big Five Inventory,

and the Interpersonal Reactivity Index (IRI) presented in a counterbalanced order.

During the game phase, initially, participants received instructions regarding the structure

and rules of the game on the computer screen. The structure of the game participants learned

differed according to the condition they were attending. On the SPD, the outcomes of alterna-

tive strategies were uncertain (see Table 1). Each player knew that cooperation (i.e., to invest

in a risk-reducing measure) without the corresponding cooperation from their opponent (the

participant present in the group they played against) would define probabilities of losses. By

removing the uncertainty and replacing the values and probabilities in the SPD with the

expected values (value x the corresponding probability) (see Table 2), the corresponding DPD

was obtained (see Table 3). The values used in the two games were the same as in a previous

study [44].

Consistent with previous research, we called each sequence of ten rounds played with the

same partner a supergame [44]. Participants played ten supergames of ten rounds each, total-

ing 100 decisions (the number of supergames was not disclosed to prevent end effects). Partici-

pants played against the same player in each supergame and then randomly switched players

in the next supergame. At the start of each supergame, each player was given 1500 points,

which they used in the game to decide if they wanted to invest or not. The game was described

in a loss frame where participants incur a cost to make an investment decision. Each partici-

pant decided whether to invest the initial 1500 points to avoid a more significant financial loss.

Before initiating the game task, participants received instructions regarding their experi-

mental condition–time delay or time pressure [61]. In the time pressure condition, partici-

pants were asked to make each decision as quickly as possible and were told they could not

take longer than 10 seconds. In this condition, a timer appears on the screen to show the time

left to decide, and in the last 3 seconds, the timer number is displayed in red. Still, participants

could respond after 10 seconds, and the clock showed a warning that the time had ended. On

the other hand, in the time delay condition, participants were asked to consider their decision

carefully and were asked not to decide for at least 10 seconds (no timer appears, and they

could choose at any moment).

Then, participants see the number of the super game they would play during 3 seconds on

the screen. When the decision screen appeared, participants saw the game structure (congru-

ent with the condition they were in) and the following instructions: "The other player is also

Table 2. Possible outcomes in the stochastic prisoner’s dilemma game.

Player 2

Player

1

Invest Not Invest

Invest -45; -45 20% lose 145, 80% lose 45; 40% lose 100, 60%

lose 0

Not

Invest

40% lose 100, 60% lose 0; 20% lose 145, 80%

lose 45

52% lose 100, 48% lose 0; 52% lose 100, 48%

lose 0

https://doi.org/10.1371/journal.pone.0265759.t002

Table 3. Possible outcomes in the deterministic prisoner’s dilemma game.

Player 2

Player 1 Invest Not Invest

Invest -45; -45 -65; -40

Not Invest -40; -65 -52; -52

https://doi.org/10.1371/journal.pone.0265759.t003
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making a decision now. You will not know their decision until you submit your decision. So
please make your investment decision now and submit it." Participants then could decide

whether they wanted to invest or not–decision stage. After making a decision, participants

were asked to wait while the other player was deciding–designated by the match stage. After

both participants made their decisions, they received information on both decisions and the

payoffs–feedback stage. Then, a new decision stage would start. For a representation of the pro-

cedure, see Fig 1. In the time pressure condition, the total task had an approximate duration of

10 minutes, whereas it lasted for approximately 25 minutes in the time delay condition.

The entire session’s duration (including all questionnaires) was approximately 45 minutes,

depending on the experimental condition participants were assigned. The BART was pro-

grammed in E-Prime (Version 2.0) [94], whereas the game was developed using z-Tree version

4.1.11[95], a software for economic experiments.

Data analysis

We first assess the effects of uncertainty and time manipulation on participants’ likelihood to

cooperate in the repeated Prisoner’s Dilemma games by conducting four logistic regressions in

R (version 3.6.3;[96]).

The logistic regression model analyzed how investment decisions depended on decision
time and the type of games and examined the interaction between uncertainty and decision
time. In our study, participants made a dichotomic choice (Invest or Not invest) in each

round, and throughout the session, each participant made a total of 100 decisions. We applied

the same analysis as previous studies [44], a generalized mixed-effect logistic regression model.

Two fixed effect variables were included to control the round and supergame order effect, one

for round and one for supergame. In addition, a random effect variable (α) was included in

Fig 1. Representation of the game task.

https://doi.org/10.1371/journal.pone.0265759.g001
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the logistic regression to address interdependency among repeated observations, as shown in

Eq (1). Specifically, we regressed each decision (1 for Investing, 0 for Not Investing) as the

dependent variable on the following independent variables: type of game (DPD vs.SPD), deci-
sion time (time pressure vs. time delay), the interaction of decision time and game type, round

numbers and supergame numbers. The generalized mixed-effect logit model used in this anal-

ysis can be written as:

log
pijk

1 � pijk

 !

¼ b0 þ b1Type of Gameijk þ b2DecisionTimeijk þ b3Type of GameijkDecisionTimeijk
þ b4SuperGamej þ b5Roundk þ ai þ εijk ð1Þ

Eq (1) was estimated using the lme4 package in R [44,97].

Additionally, we analyze participants’ reaction time across the conditions and the rounds

played. Following previous research [98], reaction times were log10 transformed to account

for a heavily skewed distribution. Finally, we explore whether there were any individual differ-

ences across the four conditions. In the Supporting Information files, we included the results

and discussion of further analyses exploring the role of individual differences in explaining the

average individual cooperation rate (see S1 Appendix).

Results

Logistic regression models for the likelihood of cooperation in the first 50

rounds played

In order to assess the effects of uncertainty and time manipulation on participants’ likelihood

to cooperate in the repeated Prisoner’s Dilemma games, we start by analyzing the first 50 deci-

sions made. Fig 2 shows the average cooperation rate (the proportion of times players invested)

from the first 50 decisions. Participants in the time pressure condition appear to cooperate

Fig 2. Cooperation rates in the four conditions across the first 50 decisions participants made. n = 28 participants

in each condition presented. Error bars indicate standard errors of the mean.

https://doi.org/10.1371/journal.pone.0265759.g002
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more than the time delay condition. Cooperation rates appear higher in the stochastic prison-

er’s dilemma in both decision time manipulation.

The model applied revealed a significant effect of time pressure manipulation (β2 = .75, z =
2.07, p = .04, OR = 2.11, 95% CI = 1.04, 4.28), such that participants were more likely to coop-

erate under time pressure. However, there was not a significant effect in the type of game

played (β1 = .51, z = 1.42, p = .16, OR = 1.67, 95% CI = .82, 3.39) or an effect of interaction,(β3

= .19, z = -.38, ρ = .70, OR = .82, 95% CI = .30, 2.22). However, the data showed an interesting

effect as participants played the game repeatedly: the number of investment decisions

decreased significantly as the sequence of supergames advanced (β4 = -.08, z = -3.52, p<.001,

OR = .92, 95% CI = .88, .97) and with the advance of round within each supergame (β5 = -.08,

z = -7.49, p< .001, OR = .92, 95% CI = .90, .94) (see Table 4).

Logistic regression models for the likelihood of cooperation in the last 50

rounds played

To compare with the results from the first 50 decisions we applied a mixed-effects logistic

regression model to the last 50 decisions participants made. The model demonstrated no sig-

nificant effect on the type of game played (β₁ = -.19, z = -.38, p = .71, OR = .83, 95% CI = .30,

2.5). Additionally, there was no significant effect of the time manipulation (β₂ = -.03, z = -05, p

= .96, OR = .98, 95% CI = .35, 2.68), and there was no interaction effect between the type of

game played and the time manipulation (β₃ = .68, z = .95, p = .34, OR = 1.98, 95% CI = .48,

8.17).

Table 4. Estimates of the logistic regression model for cooperation probability in the first 50 rounds played.

β (SE) z value p 95% CI for odds ratio

Lower Odds Ratio Upper

Intercept -.71(.28)

Type of Game .52(.36) 1.42 .157 .82 1.67 3.41

Time manipulation .75(.36) 2.07 .038� 1.04 2.12 4.33

Round2 -.47(.14) -3.35 < .001 .48 .63 .82

Round3 -.44(.14) -3.14 .002 .49 .65 .85

Round4 -.60(.14) -4.27 < .001 .42 .55 .72

Round5 -.64(.14) -4.56 < .001 .40 .53 .69

Round 6 -.55(.14) -3.91 < .001 .44 .58 .76

Round 7 -.68(.14) -4.84 < .001 .38 .51 .67

Round 8 -.87(.14) -6.12 < .001 .32 .43 .55

Round 9 -.89(.14) -6.20 < .001 .31 .41 .55

Round 10 -.94(.14) -6.54 < .001 .29 .39 .52

Supergame2 -.01(.10) -.13 .900 .81 .99 1.20

Supergame3 -.22(.10) -2.11 .027 .65 .80 .97

Supergame4 -.17(.10) -1.65 .098 .69 .85 1.03

Supergame5 -.32(.10) -3.14 .002 .60 .73 .89

Game type x Time manipulation -.20(.51) -.40 .689 .30 .81 2.22

AIC 6088.4

Log-likelihood -3026.2

Number of obs. 5600

Note: AIC- The Akaike information criterion; CI- Confidence Interval; SE- Standard Error of the coefficient; β–Coefficient.

��� p < .001, �� p< .01

� p < .05.

https://doi.org/10.1371/journal.pone.0265759.t004
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However, the data showed a marginal significant effect as participants played the game

repeatedly in supergames (β₄ = -.05, z = -1.92, p = .056, OR = .95, 95% CI = .91, 1.00) the num-

ber of investment decisions decreased as the sequence of supergames advanced. Within each

supergame, there is a significant effect of the ten rounds played (β₅ = -.11, z = -9.10, p < .001,

OR = .89, 95% CI = .87, .92), implying that participants learned not to cooperate over time

within the supergame (for more details see Table 5).

Logistic regression models for the likelihood of cooperation in the 100

rounds played

The average cooperation rate (the proportion of times players decided to invest) from the 100

decisions participants made is shown in Fig 3. Fig 3 suggests that participants under time pres-

sure manipulation were more cooperative than under time delay manipulation. Participants in

the time pressure condition and who played the SPD game have a higher average proportion

of cooperation (M = 0.39) than the other three conditions. Also, participants in the time-delay

condition have a similar average proportion of cooperative responses in the DPD (M = 0.28)

and the SPD (M = 0.29).

To confirm these differences, we applied a mixed-effects logistic regression model to a total

of 100 decisions participants made. The model demonstrated no significant effect on the type

of game played (β1 = .22, z = .57, p = .57, OR = 1.24, 95% CI = .58, 2.66). Additionally, there

was no significant effect of the time manipulation (β2 = .47, z = 1.22, p = .22, OR = 1.60, 95%

CI = .75, 3.43), and there was no interaction effect between the type of game played and the

Table 5. Estimates of the logistic regression model for cooperation probability in the last 50 rounds played.

β (SE) z value p 95% CI for odds ratio

Lower Odds Ratio Upper

Intercept -.85(.36) -2.21 .027

Type of Game -.18(.51) -.36 .720 .30 .83 2.28

Time manipulation -.03(.52) -.05 .956 .35 .97 2.69

Round2 -.24(.15) -1.68 .093 .58 .78 1.04

Round3 -.45(.15) -2.99 .003 .48 .64 .86

Round4 -.46(.15) -3.07 .002 .47 .63 .85

Round5 -.43(.15) -2.90 .004 .48 .65 .87

Round 6 -.61(.15) -4.00 < .001 .41 .54 .73

Round 7 -.60(.14) -3.99 < .001 .41 .55 .74

Round 8 -.89(.14) -5.72 < .001 .30 .41 .56

Round 9 -1.03(.16) -6.52 < .001 .26 .36 .49

Round 10 -1.15 (.16) -7.18 < .001 .23 .31 .43

Supergame 7 .37(.11) 3.36 .001 1.17 1.44 1.79

Supergame 8 .06(.11) .50 .619 .85 1.06 1.31

Supergame 9 .11(.11) .96 .336 .90 1.11 1.38

Supergame 10 -.10(.11) -.88 .377 .73 .91 1.13

Game type x Time manipulation .68(.73) .94 .346 .48 1.98 8.24

AIC 5286.0

Log-likelihood -2625.0

Number of obs. 5600

Note: AIC- The Akaike information criterion; CI- Confidence Interval; SE- Standard Error of the coefficient; β–Coefficient.

��� p < .001, �� p < .01, � p < .05.

https://doi.org/10.1371/journal.pone.0265759.t005
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time manipulation (β3 = .06, z = .12, p = .91, OR = 1.07, 95% CI = .37, 3.11). The supergame

(β₄ = -.05, z = -6.87, p< .001, OR = .95, 95% CI = .93, .96) and round (β₅ = -.09, z = -11.32, p<
.001, OR = .91, 95% CI = .90, .93), appeared to follow the same pattern as in the prior model

tested. The number of investment decisions decreased significantly as the sequence of super-

games advanced and with the advance of round within each supergame implying that partici-

pants learned not to cooperate over time (for more details see Table 6 and the graphic

representention of this tendency in Fig 4).

Additionally, we apply a mixed-effect logistic regression to further explain the decreasing

cooperation results across the rounds and the supergame. Specifically, we regressed each deci-

sion (1 for Investing, 0 for Not Investing) as the dependent variable on the following indepen-

dent variables: supergame number, round number, and the interaction of supergame and

round. The model revealed a significant effect of the round number (β = -.050, z = -2.90, p =

.004, OR = .95, 95% CI = .92, .98) and a significant effect of interaction between the supergame

and the round (β = -.008, z = -2.78, p = .005, OR = .99, 95% CI = .99, 1.00), such that partici-

pants learned not to cooperate over the increasing of rounds but cooperate in beginning of

each supergame (see Fig 5 for more details). However, there was not a significant difference in

the supergame played (β = -.014, z = -2.78, p = .412, OR = .99, 95% CI = .95, 1.02).

Reaction time analysis

Finally, we examined the impact of ’participants’ average decision time in log 10 transforma-

tion on the different rounds played for the four conditions (Fig 6).

A 4 (between-subjects factor: DPD-Time Delay versus DPD- Time Pressure versus SPD-

Time Delay versus SPD- Time Pressure) by 10 (within-subjects factor: supergames) by 10

(within-subjects factor: rounds) mixed design ANOVA was conducted on the average partici-

pant’s decision time. We used this model to examine the effect of the different conditions con-

trolling for the different individual reaction times in each round participants play.

Fig 3. Cooperation rate between the manipulation of time pressure and the type of game across all 100 decisions.

n = 28 participants in each condition presented. Error bars indicate standard errors of the mean.

https://doi.org/10.1371/journal.pone.0265759.g003
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Fig 4. Cooperation rates across the ten supergames played in the four conditions. n = 28 participants in each

condition presented. A version of this figure with error bars is presented in the supporting information (S1 Fig).

https://doi.org/10.1371/journal.pone.0265759.g004

Table 6. Estimates of the logistic regression model for cooperation probability.

β (SE) z value p 95% CI for odds ratio

Lower Odds Ratio Upper

Intercept -.53 (.29)

Type of Game .22 (.39) .57 .57 .58 1.25 2.67

Time manipulation .47 (.39) 1.22 .22 .75 1.61 3.44

Round2 -.35 (.10) -3.51 < .001 .58 .71 .86

Round3 -.42 (.10) -4.20 < .001 .54 .66 .80

Round4 -.51 (.10) -5.07 < .001 .50 .61 .73

Round5 -.52 (.10) -5.17 < .001 .49 .60 .73

Round6 -.54(.10) -5.42 < .001 .48 .58 .71

Round7 -.61(.10) -6.09 < .001 .45 .54 .66

Round8 -.83(.10) -8.14 < .001 .36 .43 .53

Round9 -.90(.10) -8.71 < .001 .33 .41 .50

Round10 -.98(.10) -9.38 < .001 .31 .38 .46

Supergame2 -.02(.10) -.15 .88 .81 .99 1.20

Supergame3 -.23(.10) -2.33 .03 .65 .80 .97

Supergame4 -.17(.10) -1.67 .09 .69 .85 1.03

Supergame5 -.32(.10) -3.17 .002 .59 .72 .88

Supergame6 -.49(.10) -4.73 < .001 .50 .61 .75

Supergame7 -.16(.10) -1.63 .104 .70 .85 1.03

Supergame8 -.44(.10) -4.31 < .001 .53 .64 .79

Supergame9 -.39(.10) -3.89 < .001 .55 .67 .82

Supergame10 -.58(.10) -5.58 < .001 .46 .56 .69

Game type x Time manipulation .06(.55) .12 .91 .36 1.07 3.11

AIC 11636.6

Log-likelihood -5795.3

Number of obs. 11200

Note: AIC- The Akaike information criterion; CI- Confidence Interval; SE- Standard Error of the coefficient; β–Coefficient.

��� p< .001, �� p< .01, � p< .05.

https://doi.org/10.1371/journal.pone.0265759.t006

PLOS ONE Cooperation under uncertainty: A dual-process aproach

PLOS ONE | https://doi.org/10.1371/journal.pone.0265759 March 22, 2022 14 / 25

https://doi.org/10.1371/journal.pone.0265759.g004
https://doi.org/10.1371/journal.pone.0265759.t006
https://doi.org/10.1371/journal.pone.0265759


The main effect of the condition was statistically significant, F(3, 108) = 41.62, p� .001, η2

= .536; Pairwise comparisons reveal that participants under time pressure conditions in both

types of games have faster reaction times compared to the time delay condition. The two types

of games in time pressure manipulation do not differ statistically between them p = .064

(Mean DPD = -0.06; Mean SPD = 0.05). Participants in the SPD-Time delay condition reveal

slower reaction times (Mean = 0.53), followed by participants on the DPD-Time delay condi-

tion (Mean = 0.35, see Fig 6).

The main effect of the supergame was significant, F(9,972) = 180.327, p< .001, η2 = .625,

meaning that as the experiment progressed, the reaction time decreased, and also the main

effect of the rounds F(9,972) = 98.419, p< .001, η2 = .477, revealing that as the rounds aug-

ment the reaction time diminish. The interaction between these two repeated measure vari-

ables were also significant F(81,8748) = 2.972, p< .001, η2 = .027. With the increase of the

game time (supergame x round), participants’ reaction time diminishes (see Fig 7). Likewise,

the two-way interactions between supergame and condition (F(27,972) = 6.280, p < .001, η2 =

.149) and round and condition (F(27,972) = 2.414, p< .001, η2 = .063) were also statistically

Fig 5. Mean cooperation rates across the rounds played in all supergames in the four conditions. n = 28

participants in each condition presented. A version of this figure with error bars is presented in the supporting

information (S2 Fig).

https://doi.org/10.1371/journal.pone.0265759.g005

Fig 6. The average amount of decision time across conditions and rounds played. n = 28 participants in each

condition presented. Error bars indicate standard errors of the mean.

https://doi.org/10.1371/journal.pone.0265759.g006
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significant. Besides the interaction effect between the supergame, the round and the condition

were not significant F(243,8748) = 1.116, p = .106, η2 = .030.

In order to explore whether there were any differences across the four conditions regarding

individual variables we conducted an ANOVA. Results reveal that there were no differences

across the four conditions regarding the individual risk-taking propensity (p = .145), personal-

ity factors (BFI_extraversion p = .358; BFI_agreeableness p = .452; BFI_conscientiousness p =

.727; BFI_neuroticism p = .138; BFI_openess p = .321), empathy (TP p = .520; PE p = .504; DP

p = .117; F p = .388), positive and negative affect (Pos. affect p = .306;Neg. Affect p = .468;

End_Pos. Affect p = .538; End_Neg. Affect p = .340). Additionally Kruskal-Wallis test were

apply to analyse whether there were any differences across the four conditions regardind the

sociodemographic variables and the questions regardind the game related questionnaire.

Resuls reveal that there were no diferences across the sociodemographic variables(Age p =

.340; Gender p = .936; SES p = .610), and game-related questionnaire (Cooperate p = .713;

Proximity p = .162, Pleasant p = .473; Difficulty experienced p = .097).

Discussion

The main goal of this study was to analyze the simultaneous impact of time pressure and

uncertainty on cooperation in a prisoner’s dilemma game under uncertainty. We observed

participants’ decisions in repeated interactions for ten rounds, then another ten rounds played

against another randomly chosen partner, and so on, for ten sets of rounds (the supergames).

Participants were informed of these aspects but not of the total number of supergames they

were expected to play. In a repeated PD game, we manipulated cognitive processes using time

pressure manipulation methods on their decision. Under a time pressure condition, partici-

pants are asked to decide as quickly as possible (< 10 s). In a time delay condition, participants

were asked to consider their decision carefully. Finally, environmental uncertainty was manip-

ulated by having PD games with defined versus probabilistic outcomes. Studying how partici-

pants behave in such environments helps us learn about the determinants of cooperation.

Consistent with our first hypothesis and findings from other studies [4,44,46], the data

revealed a learning process as participants played the game repeatedly. Results showed that as

the number of rounds and supergames increased, individuals learned not to cooperate with

others. Even though several studies in the field of prisoner’s dilemma have been conducted

over the years, research on the area still tries to understand whether people learn to cooperate

or defect in the game [99,100]. Different studies have given contradictory results of the

Fig 7. The average amount of decision time across the rounds played in all supergames. n = 28 participants in each

condition presented. Error bars indicate standard errors of the mean.

https://doi.org/10.1371/journal.pone.0265759.g007
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evolution of play with experience [100]. A recent study tried to understand cooperative behav-

ior and its evolution with experience, and results reveal that the parameters of the supergame

have a significant impact on initial cooperation rates [100]. For example, the longer the exten-

sion of the supergame, the greater the initial cooperation rates are because conditionally coop-

erative strategies increase their value [100]. The authors identify the interaction of two

opposing processes–learning to cooperate in early rounds by convergence to using threshold

strategies and learning to defect in later rounds due to the argument of backward induction–to

be fundamental in explaining the variation across papers and treatments in the evolution of

behavior [100]. Interestingly, our data show that cooperation rates increase at the beginning of

each new supergame (a new interaction) but a little less at each further interaction.

Regarding the effect of intuition on cooperation, results are consistent with previous studies

[81] and predictions of the Social Heuristic Hypothesis [62,68]. Likewise, the results of apply-

ing the logistic regression model to the first fifty rounds are consistent with the second hypoth-

esis, revealing that individuals tend to rely on a more intuitive decision-making process to

cooperate. In addition, these results were confirmed in previous findings, where individuals

appear to be more inclined to cooperate with others under time pressure than under time

delay [62]. However, these findings conflict with previous studies that found that deliberation

plays an essential role in cooperation [75].

The second and third logistic regression models did not reveal an effect of time pressure

manipulation on cooperation. This result is consistent with our third hypothesis that intuition

would not affect participants’ decisions as the game progress. Furthermore, based on the SHH

predictions, intuition was expected not to affect games where it could be payoff-maximizing to

cooperate (e.g., games in which reciprocity was possible) [54,62,68,101]. However, other stud-

ies exploring the effects of intuition on cooperation did not find an effect of time pressure

manipulation on cooperation even in one-shot games [5,74,79].

Our data appears to support the idea that the cooperative default response varies with the

absolute level of cooperation a person faces in the game. We found that participants learn not

to cooperate with others as the game progresses. As predicted by the SHH in a repeated game,

intuition does not affect cooperation. On the contrary, time pressure manipulation favors

cooperation in the first five supergames. The average cooperation rate is higher in the first

decisions participants made than the average cooperation rate of the last decisions.

Similar to previous research, our results also demonstrate the importance of considering

the social environment when examining decision time [81]. This explanation of the effect of

the social environment on decision time can explain why there are mixed results in the litera-

ture and why results vary with the social environment within repeated game studies [81,85].

Other studies also concluded that cooperation is a learning process from their study where

they compared experienced participants in playing social dilemmas games versus inexperi-

enced participants [69]. The study revealed that experienced participants in this task under

time pressure manipulation were significantly more cooperative than naive participants. This

effect appears to be even more surprising considering that other studies report that experience

negatively affects cooperation among residents in the US [63]. Both studies are in line with

SHH, which assumes that experience operates mainly through intuition, but it does not predict

the sign of the effect of experience. Furthermore, the SHH posits that individuals who experi-

ence cooperation in their daily lives will lead toward cooperation as the intuitive response, but

not those who live in a non-cooperative setting [63,69,81].

It is worth noting that there are four participants present in the room playing the game, and

participants play simultaneously one supergame with one partner and then switch to another.

Although it is random whom they play along in the supergame, it appears that when they

repeat the interaction they previously had, time pressure manipulation does not have an effect,
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and non-cooperative behavior is augmented. Cooperation was higher than in the other rounds

at the beginning of each new supergame (new interaction). This finding is consistent with the

idea that daily experiences with norms and institutions initially led participants to expect oth-

ers to cooperate and be inclined towards cooperation themselves. However, once participants

start the game and learn about the behavior of their partners, they follow cues from the social

environment. This result is consistent with the Social Heurist Hypothesis findings that empha-

size that experiences from outside the lab influence participants’ decisions. A recent study

using a different statistical model–the Drift Diffusion Model- also found that people’s initial

intuitive decision is to cooperate [102]. However, deliberation becomes dominant over an ini-

tial intuitive bias towards cooperation if the game is repeated. When we play a game where

most players are defectors, the intuitive decision progressively becomes to defect. In contrast,

when we play with cooperators, we become even more biased towards cooperation. Similar to

our findings, the authors also found that this initial cooperation tendency is resilient, as, after a

short pause, it resets to the same initial value [102].

One more interesting result from observing participants’ decision time and cooperation

rates reveal that time pressure manipulation decreases the rate of participants changing their

strategy. Another possible explanation for the positive result between time pressure manipula-

tion and cooperation in the first 50 decisions made but not in the total decisions is that

extreme time pressure decreases cooperative behavior [74,98]. Analyzing the reaction time, we

can see that participants in the analysis of the 100 decisions were quicker than in the beginning

fifty decisions. As long as the game progressed, participants made their decisions quickly. Our

results appear to support the idea of an inverted-U relationship between reaction time and

cooperation found in the literature where extreme time pressure manipulation decreases coop-

eration. In contrast, light time pressure increases cooperation [74]. In our results, the effect of

time pressure manipulation is only significant on the first fifty decisions, where reaction times

were higher than in the analysis of all decisions.

Effects of uncertainty on cooperation

Our data did not confirm our fourth hypothesis regarding the game’s primary effect of uncer-

tainty on cooperation. More specifically, we did not find an effect of the type of game (when

uncertainty is present or not) on cooperation. These results are inconsistent with previous

studies [18,28,44]. The average cooperative response across conditions suggests that partici-

pants under environmental uncertainty were more cooperative than participants who played

the deterministic form of the game. Previous research found that social uncertainty under-

mines cooperation when people believe their choice is critical (significantly impacting the out-

come) [103]. When criticality is low, there was a slight increase in cooperation rates with

uncertainty. Based on this study, we can also suppose that participants do not perceive their

choice as critical, especially in a stochastic game version where the results are based on proba-

bilistic outcomes.

Recent debates stated that uncertainty does not affect uniformly social interactions

[34,104]. Recently, a study revealed that uncertainty does not always promote selfish behaviors

[105]. Instead, they found that an individual’s prosocial behavior was increased under impact

uncertainty (uncertainty about how the negative outcome will impact others’ well-being). The

authors claim that individuals are more selfish when they are uncertain about what outcomes

their decisions will produce for others but less selfish when they are uncertain about the impact

of those outcomes on others’ welfare [105].

Some studies have been interested in analyzing whether and when participants play cooper-

atively and the strategies used in a repeated prisoner’s dilemma with uncertainty [83]. The
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study revealed that individuals tend to cooperate in repeated games with uncertainty when

there is a cooperative equilibrium (in which both players start by cooperating and continue to

do so until the first person defect). The authors report that strategies, such as TF2T (individual

cooperates unless the other player chose to defect in both of the last two rounds) that involves

forgiveness is often used and can successfully obtain high payoffs given the actual distribution

of play. However, it is not an equilibrium for all individuals to play TF2T. The authors con-

cluded that forgiving others and cooperating in an uncertain world could be payoff-maximiz-

ing than quickly reciprocating and defect [83]. Therefore, it would be necessary also to analyze

the strategies used in the two games we present and understand which game strategy is a good

predictor of cooperation even in a prisoner’s dilemma game with probabilistic outcomes.

The results found regarding uncertainty can also be explained, considering the game struc-

ture’s methodological option. The results found regarding uncertainty can also be explained,

considering the game structure’s methodological option. For example, in the repeated version

of the Prisoners Dilemma game is defined that the game structure should follow the following

rule: T> R> P> S; however, it is often required that R< (S + T)/2 so that the continuous

cooperation is better than alternating between cooperation and defection [21,99]. The games

developed by previous research [44] and used in this study only follow the first rule. It is also

important to note that it appears that participants, as the number of rounds, increased tens to

reach for Nash equilibrium for iterated prisoner’s dilemma that is non-cooperation (P, P).

We did not find any interaction between the type of game and time pressure manipulation.

Earlier, we hypothesized that time pressure manipulation augmented cooperative behavior

under conditions of uncertainty. On the contrary, we expected that cooperative behavior

would decrease in uncertain conditions under time delay. This study is one of the first to ana-

lyze environmental uncertainty and time pressure manipulation to the best of our knowledge.

Analyzing mean data, participants in SPD conditions under time pressure have a higher aver-

age cooperate rate. Furthermore, the effect in the stochastic game augments with time pressure

manipulation. However, the average cooperation rate is similar under time delay in both types

of games.

Limitations and further research

One crucial methodological option we should consider is that the game is in a loss frame.

Therefore, we should consider the possibility that individual risk-seeking behavior in the loss

frame might change when the game is played in the gain frame. For example, the current study

uses a prisoner dilemma game with negative outcomes to mimic a real-world scenario where

players invest in reducing the risks of suffering a loss. Researchers have found that people

encode losses and gains differently [106] and typically show greater sensitivity to loss than gain

[107]. Thus, individuals will make riskier choices to avoid losses than they will to produce

gains.

A critical limitation of this study is that we did not assess participants’ comprehension

regarding the game structure. Thus, understanding the game remains a potentially problem-

atic aspect of the dominant methodological design in this area [54,71]. Additionally, partici-

pants were instructed to think carefully in the time delay condition and not decide for at least

10 seconds. However, they can respond at any second. Therefore, it is essential that future

research force participants’ responses after a specific time.

Finally, another question concerns the payments for attending the experiment. In the pres-

ent study, the reward is not directly correlated with the participant’s decisions (i.e., paying a

participation fee) or because a payment based on repeated trials decreases the effects [108].

The reward provided in our studies are credit courses, and we additionally attribute a money
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prize to two randomly chosen participants from all participants who completed the task. Since

participants did not know the total of participants who completed the experiment, they only

saw the number of participants present in their group. In this case, there is uncertainty regard-

ing the group size of receiving the final prize. Research in group size uncertainty revealed a

positive effect on cooperation [47–52].

Conclusions

To summarize, our study helps to clarify the mixed-effects found in the literature regarding

the effectiveness of cognitive processing manipulation on cooperation [54]. Overall, our analy-

sis suggests that, compared to time delay, time pressure leads to greater cooperation on the

first rounds of interaction. Our data support the idea that the intuitive cooperative default

response varies with the absolute level of cooperation an individual faces in the game. The

results point to a direction in which participants cooperate less with their counterparts as the

number of rounds increases. In addition, it would be helpful to try to understand better how

participants learn. The intuition effect found does not appear to be maintained throughout the

experiment’s entire duration, and neither can we rule out the effect of learning. Although our

study does not find significant developments regarding the interaction effect of intuition and

uncertainty under a repeated game, the generality of the findings in this area remains to be

explored.

Research regarding dual-process manipulation in the last eight years has led to a better

understanding of the personal and environmental factors that shape cooperation and prosocial

behavior [54,101]. Understanding when and why people cooperate in our society, replicating

situations that we encounter in real life, like risk and uncertainty, is undoubtedly a fundamen-

tal topic for further research.
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