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et al., 2006). This effect may stem from shifts in the 
attribution of others’ behavior. Without the threat of 
punishment, individuals often attribute others’ cooperative 
behavior to intrinsic motivation and kindness. However, 
the presence of punishment can lead to attributions of 
cooperation to external punitive threats. Previous studies 
have explored this phenomenon using the Remove-the-
Sanction (RTS) paradigm employed by Mulder et al. 
(2006). Within this paradigm, an experimental group 
experiences a sanction, which is later removed, while a 
control group never encounters a sanctioned scenario.

Although these s t ud ies  consis tent ly  i nd icate 
that punishment erodes trust, f indings regarding the 
influence of punishment on cooperative behavior remain 
inconsistent, with many studies not indicating significant 
differences. The study by Chen et al. (2009) is an 
exception, showing reduced cooperative behavior post-
punishment removal compared to a control condition 
devoid of punishment; however, this study entailed 
both reward and punishment effects. In contrast, the 
pre-registered study by Mizuno and Shimizu (2023) 
investigated the sole impact of punishment within an 
RTS paradigm, revealing that post-punishment abolition 
cooperation levels mirrored those in the control group, 
exhibiting no significant variance.

The cur rent study delineates the Undermining 
Cooperation Effect of Punishment (UCEP) as a decrease 
in cooperation within the punished group post-punishment 
abolition compared to a control group, as in Mizuno and 
Shimizu (2023). The RTS paradigm posits that punishment 
may reduce individuals’ intrinsic trust. It is critical to 
demonstrate an actual decline in cooperative behavior to 
ascertain the detrimental impact of punishment in social 
dilemmas.

The differences in experimental procedures between 
Chen et al. (2009) and Mizuno and Shimizu (2023) 
could explain the occurrence of UCEP. Chen et al.’s 
(2009) experiment entailed two phases: participants 
initially engaged in five rounds of public goods games 
with punishment, followed by f ive rounds without 
punishment. On the other hand, Mizuno and Shimizu’s 
experiment encompassed three phases: five rounds without 
punishment, five with punishment, and five rounds again 
without punishment. The discounting principle might 
explain the diverging results rooted in the structural 
differences of the experiments (Kelley, 1973). Both 
Mulder et al. (2006) and Chen et al. (2009) argue that the 
institution of a punishment system erodes trust within a 
public goods game, as participants tend to attribute others’ 
cooperative behavior solely to the fear of punishment. 
In essence, participants cease cooperation because they 
believe that others are only cooperating due to the fear of 
punishment, and they would not cooperate if this punitive 
element were removed. In the experiment by Mizuno and 
Shimizu (2023), participants observed others’ cooperation 
in the absence of punishment before its introduction, 
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Introduction
Human beings often foster cooperation extensively, with 
punishment systems playing a pivotal role in this endeavor. 
Numerous studies have suggested that centralized 
punishment is a solution to secondary social dilemmas 
(Ozono et al., 2016; Sigmund et al., 2010). In contemporary 
society, law enforcement and other public authorities 
commonly implement punishment systems (Baldassarri & 
Grossman, 2011).

Conversely, implementing a centralized punishment 
system can yield adverse effects in various real-world 
contexts (Cardenas et al., 2000; Gneezy & Rustichini, 
2000; Kornhauser et al., 2020). Notably, psychological 
research has shown that punishment can undermine trust 
in others (Chen et al., 2009; Irwin et al., 2014; Mulder 
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potentially attributing such cooperation to innate altruism 
and kindness. Consequently, participants might have 
anticipated continued cooperation post-punishment 
removal, given the earlier observed cooperative behavior 
without punishment. In contrast, the initial introduction 
of punishment in Chen et al.’s (2009) experiment did not 
allow participants to observe cooperation in a punishment-
free context, possibly leading to a stronger perception of 
punishment’s influence on cooperative behavior compared 
to Mizuno and Shimizu (2023). Thus, UCEP might only 
manifest when punishment is established from the outset.

Based on the preceding discussion, we hypothesize 
that employing a two-phase structure similar to Chen 
et al. (2009) will reveal UCEP. This study’s hypotheses 
do not account for the variance between states with and 
without punishment, focusing instead on comparing these 
states to a control condition. Two primary rationales 
underlie this analytical focus. Firstly, when contemplating 
implementing punishment, it’s crucial to gauge its impact 
by comparing it to scenarios devoid of punishment (the 
control group). If cooperation declines post-punishment 
removal relative to scenarios without punishment, avoiding 
punishment might be prudent. Secondly, our analytical 
approach aims to examine the reduction in cooperation 
arising from decision-making shifts in repeated games. 
We assume that any decision-making alterations due to 
repetition remain consistent across both conditions. By 
comparing the experimental and control conditions, we 
aim to isolate and examine solely the UCEP, excluding the 
influence of repetition on decision changes.

H1: In the punishment condition, contr ibutions 
following the removal of punishment will be lower in the 
experimental group than in the control group.

Methods
Participants
We based our sample size determination on a pre-test 
power analysis for a Mixed Model, setting the significance 
level (α) at .05, the effect size (Cohen’s d) at 0.8, the intra-
class correlation (ICC) at .87, and the power between 
0.8 and 0.9. A large effect size, denoted by d = 0.8, was 
selected in light of d = 1.12 observed in Chen et al. (2009). 
We also contemplated the intra-class correlations within 
the group, which were not reported in Chen et al. (2009) 
but were derived from data from a similar public goods 
game conducted by Mizuno and Shimizu (2023). The 
sample size was determined utilizing the formula proposed 
by Usami (2011). Given these parameters, we aimed for a 
sample size between 180 and 240 participants.

We enlisted participants from psychology course 
students at a private university in Japan, offering course 
credit and Amazon gift cards as incentives (N = 200, 58 
men and 138 women, 4 an undetermined gender). The 
average age of the participants was 19.69 (SD = 2.45).

Experimental design
The study employed a between-participants design, 
manipulating the single punishment factor with two levels: 
punished and control (unpunished).

Procedure
Participants entered a Zoom meeting room, and the experimenter 
instructed them to participate in the experiment in a quiet, 
distraction-free area. The experimenter assured the participants 
anonymity concerning names, images, and voices. The 
participants utilized a web-based platform developed using oTree 
3 (Chen et al., 2016) for the experimental task.

Post-consent, par ticipants learned that the task 
comprised two parts, with monetary rewards contingent on 
decisions made in the second part. It was emphasized that 
task decisions would not influence their course credits. In 
the first phase of the experimental task, the participants 
indicated their preferred fund allocation regarding their 
share and others’ shares across 52 instances, designed to 
gauge altruistic and egalitarian tendencies (Mizuno & 
Shimizu, 2020). Subsequently, participants took part in a 
repeated public goods game. Following the experimenter’s 
explanation of the rules, a six-question quiz tested their 
understanding of the game’s mechanics, with immediate 
feedback for correct and incorrect answers. Post-quiz, 
participants estimated the average points they anticipated 
other participants would contribute. This measure aimed 
to capture the participants’ expectations regarding others’ 
cooperation in the game.

Following the public goods game, participants provided 
additional data, including prior participation in similar 
experiments during the preceding year, familiarity with 
other participants in the current study, strategies employed 
during the public goods game, reflections on the game, 
age, and gender. Reflection items such as “I expected other 
group members to discontinue cooperation in the absence 
of punishment” and “I perceived the other group members 
as programmed bots rather than people” were included. A 
free-text statement form was also available for additional 
comments.

Upon completing the experiment, participants received 
an Amazon gift card via email as compensation, with a 
base payment of 350 yen and additional points earned 
across the ten public goods games conducted. Each point 
earned equated to 1 yen, yielding a potential reward 
range between a theoretical minimum of JPY 465 and a 
maximum of JPY 850.

Public goods game
Par ticipants formed groups of four to engage in a 
public goods game, with consistent group composition 
maintained throughout the experiment. During each round, 
participants received 20 points from the experimenter and 
decided on the number of points they would contribute to 
the group (ranging from 0 to 20 points). The participants 
retained the uncontributed points. The experimenter 
doubled the total points contributed by all participants 
and equally distributed them among group members, 
with a marginal per capita return of 0.5. The sum of the 
points from this distribution and the remaining points 
determined each participant’s total points earned. The 
experimenter provided feedback in table format after all 
the group members had determined their contribution. 
Participant IDs (A, B, and C) remained fixed across 
each period, albeit without explicit communication to 
participants. Cumulative points were not displayed, neither 
to the participants nor to the other group members. The 
ten rounds of the public goods game were split into two 
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phases of five rounds each, with participants uninformed 
of this division. Between phases, the upcoming phase was 
explained, and participants were prompted to estimate 
the average points they believed other participants would 
contribute in the subsequent rounds (belief). The total 
number of rounds was undisclosed.

Conditions
In the experimental (punishment) condition, participants 
were infor med of a punishment system in which 
contributions below 10 points would incur a 12-point 
deduction. In Phase 1, feedback on punishment followed 
the feedback on the results, with par ticipants only 
receiving feedback for their own results. If contributions 
exceeded 11 points, participants were informed there was 
no punishment and the final points earned in that round. 
If contributions were below 10 points, participants were 
informed of a 12-point, along with the final points earned 
in that round. As Phase 2 commenced, the punishment 
system was abolished, with participants informed that no 
points would be deducted, irrespective of the contribution 
amount. In the control condition, participants played the 
public goods game without punishment across both phases. 
The instructions between the two phases informed the 
participants that the same task would continue in the next 
phase.

Analytical design
Utilizing R version 4.2.1 (R Core Team, 2019), we 
examined the effects of control and experimental factors 
using a mixed model, assuming a variable effect on the 
intercept for a four-person population. The model is 
outlined below:

𝑌𝑌"# = 𝛽𝛽&# + 𝛽𝛽(𝑋𝑋# + 𝛽𝛽*alt"# + 𝛽𝛽.equ"# + 𝛽𝛽2belief"#
+𝛽𝛽6𝐶𝐶1"# + 𝛽𝛽9𝐶𝐶2"# + 𝛽𝛽;𝐶𝐶3"# (1). 

In this equation, i represents an individual and j 
stands for a group. The variable Yij represents the average 
of the five contributions made in Phase 2, whereas Xj 

represents the treatment condition (0 for control and 1 
for experimental). Additionally, altij represents altruism, 
equij represents equality, beliefij represents the expectation 
of cooperation from others before the start of Phase 1, 
C1ij indicates the prior task experience, C2ij indicates 
participants’ acquaintance with any other participants in 
the experiment, and C3ij represents the extent to which 
participants perceived the other participants as computers. 
Model 1 was used as the full model, with β0j and β1Xj fixed. 
The remaining control variables, including β2altij, were 
selected and forced to minimize the Bayesian Information 
Criterion (BIC). Model selection was conducted via 
maximum likelihood using the lmer function from the 
lmerTest package (Kuznetsova et al., 2017), while the 
assessment of experimental effects was conducted through 
restricted maximum likelihood. The hypothesis would 
be considered supported if the effect β1 of Xj on Yij was 
negative and significant in a two-tailed test at the 5% level 
for models with the lowest BIC.

Registration
The hypotheses, methods, analytical design, and R code 
for analysis pertinent to this study were pre-registered 
on the Open Science Framework (OSF) before the 
commencement of the experiment. The pre-registration 
for this study is accessible at https://osf.io/2pts5. While the 
original pre-registration is in Japanese, an English version 
is available at https://osf.io/8nxsv/files/osfstorage/648c6ea5
6c0981005c7d245a.

Results
Figure 1 illustrates the contribution trend across ten 
periods. In the experimental (punishment) condition, the 
average contribution was 14.12 (SD = 3.36) during Phase 
1 and 7.67 (SD = 6.29) during Phase 2. Conversely, in the 
control condition, the average contribution was 8.51 (SD = 
5.28) during Phase 1 and 5.72 (SD = 4.86) during Phase 2. 
The 95% confidence intervals for the average contribution 
during Period 6, which directly followed the cessation of 
punishment, spanned [8.78, 11.32] for the punishment and 
[7.03, 8.26] for the control condition.

Figure 1. Contributions per condition.
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Based on BIC, we selected the βoj and  β1Xj model. We 
scrutinized the contribution amounts using these as the 
objective variable to validate the elevated contribution 
in the punishment condition during Phase 1. The results 
indicated a signif icant effect of the treatment (β1 = 
1.07 (95% CI [0.74,1.40]), t(48.00) = 6.32, p < .001). We 
executed a linear mixed model to evaluate the hypothesis 
that contributions after removing punishment would be 
lower in the experimental group relative to the control 
group, as delineated previously in the Analytical Design 
section. We standardized the dependent variable to derive 
a standardized partial regression coefficient. The main 
effect of factor Xj was not significant (β1 = 0.34(95% 
CI[−0.09,0.78]),t(48.00) = 1.54, p = .130), indicating that 
the hypothesis was not supported. 

Discussion
This study delved into the potential occurrence of a 
UCEP, extending the insights from Chen et al. (2009). We 
hypothesized that following the removal of punishment, 
the punishment condition would yield lower cooperation 
levels than the control condition. However, the results did 
not validate this hypothesis, as we observed no adverse 
effects of punishment.

In this investigation, we characterized UCEP as 
the phenomenon where, following the initiation and 
subsequent withdrawal of punishment, the contribution 
from the experimental group is lower than that from 
the control group who experienced no punishment. We 
explored three potential scenarios to comprehend the 
absence of UCEP. Initially, we considered the likelihood 
of a f loor effect, where the control group’s contribution 
might have been so minimal that detecting UCEP became 
challenging. Yet, glancing at the error bars in Figure 1 
dissuades the possibility of a floor effect.

Furthermore, we speculated whether the cooperation 
level  in ou r cont rol  g roup was lower than those 
documented in previous studies, which could have 
facilitated the detection of UCEP if the control group had 
exhibited heightened cooperation alongside the punishment 
withdrawal. A review of prior research to discern if our 
control group’s contribution was unusually low indicated 
varying levels of cooperation in control groups of earlier 
studies. For instance, in the peer punishment experiment 
by Fehr and Gächter (2002), the control group contributed 
around 35% of the endowment. In studies with automatic 
punishment systems resembling ours, the control group’s 
cooperation levels were 56% in Mulder et al. (2006) Study 
1, 53% in Chen et al. (2009) Study 1, 63% in Irwin et al. 
(2014), and 38% in Mizuno and Shimizu (2023). Notably, 
the design of some studies, like Mulder et al. (2006) and 
Irwin et al. (2014), differed from ours as they encompassed 
a single period with and without punishment, making 
direct comparisons with our study, which had five periods 
challenging. In our study, the average contribution from 
the control group in the sixth period (immediately after 
ceasing punishment) constituted approximately 39% 
of the endowment. Compared to the 28% observed in 
our study, other research, especially Chen et al. (2009), 
which identified UCEP and recorded a 50% contribution, 
exhibited higher rates. This discrepancy suggests that the 
lower contributions from our control group might underlie 

our inability to detect UCEP. Future inquiries may 
probe whether fostering higher cooperation by initially 
communicating the benefits of cooperation to both groups 
with the message, “it’s beneficial to cooperate,” unveils 
UCEP.

Lastly, the failure to observe UCEP might stem from 
counterbalancing forces. These forces separate into two 
categories: those that uphold cooperation (and hence, do 
not decline throughout the period)—even after punishment 
withdrawal—and those that substantially reduce cooperation 
after ceasing punishment. A plausible factor perpetuating 
post punishment cooperation could be the formation of 
societal norms. For example, studies by Mulder et al. (2009) 
and Nolan (2017) illustrate how punishment fortifies the 
norm against noncooperation. Given such findings, it is 
conceivable that once individuals or groups internalize these 
norms, cooperation might endure even after punishment 
is removed. These counterbalancing forces, manifesting 
at both individual and group levels, warrant exploration in 
subsequent research to unravel this hypothesis further.
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