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Motivation

▶ Cooperation in group settings where individual and collective
interests conflict is a challenge

▶ Free-rider problem

Overfishing
Public goods provision
Reducing carbon emission

▶ Effective cooperation requires aligning individual and group interests
through mechanisms such as penalties

Public goods experiments utilizing the voluntary contribution mechanism
are a classic way to study cooperation in these social dilemma situations
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Related Literature

▶ Herrmann et al. [2008] studies the effectiveness of punishment in
sustaining cooperation across 16 cities worldwide

Punishment raises cooperation in Western cities like Boston,
Copenhagen, St. Gallen, Zurich, and Nottingham

Istanbul exhibited more antisocial punishment, high contributors were
targeted, and overall had low punishment effectiveness

▶ Gächter and Herrmann [2009] shows higher cooperation and prosocial
punishment in Switzerland versus antisocial punishment in Russia

▶ Buchan et al. [2011] finds cooperation with a global group correlates
positively with country globalization levels
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Research Question

▶ Within-subject design of Herrmann et al. [2008]’s might have caused
lower contribution levels in P-experiment in Istanbul. Would a
between-subject design produce similar results?

▶ Focusing on city-level average contributions might be misleading.
What is the level of average contributions at the group level?

▶ What is the role of initial contribution on the overall evolution of the
contributions in a group?
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Experimental Design

▶ Based on the design by Fehr and Gächter [2000] and involves two
treatments.

N-experiment

P-experiment

▶ N-experiment involves contribution stage only whereas P-experiment
involves subsequent punishment stage in addition to the contribution
stage

▶ Between subject design as opposed to within subject design in
Herrmann et al. [2008] but the same subject pool

Subjects either take part in N-experiment or P-experiment
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Experimental Design

The contribution stage
▶ Subjects are allocated into groups of 4 and remain within the same group for 10

periods

▶ In each period, subjects are given an initial endowment of 20 tokens, and
simultaneously choose how much to invest in the group project. For each group,
the sum of all contributions made to the group project is multiplied by 0.4 and
returned to each group member

▶ After the contribution stage, subjects are informed about their individual
contributions along with the total payoff for all members in their respective groups
without disclosing the identity of the subjects

▶ The only stage of the N-experiment and is repeated for 10 periods in both
treatments.
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Experimental Design

The punishment stage
▶ Takes place only in the P-experiment

▶ After the contribution stage, all subjects simultaneously make a punishment
decision toward other members of their group. For each token player i assigns to
player j , the payoff of player i will decrease by 1 token, and the payoff of player j
will decrease by 3 tokens.

▶ After the punishment stage, subjects are informed about the individual
contributions along with the sent and received punishment tokens and the total
payoffs of all members in their respective groups without disclosing their identities

▶ The punishment stage is repeated for 10 periods after the contribution stage
during the P-experiment
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Experimental Procedures

▶ The experiment was conducted with 120 subjects in a total of 10 sessions at the
Economics Laboratory of Boğaziçi University in Istanbul. Each session involved 12
subjects.

▶ We implemented a between-subject design

60 subject in N-experiment
60 subject in P-experiment

▶ An e-mail was sent to subjects who previously showed interest in participating in
economics experiments. Subjects were able to register online for a date and time
of their choosing. No subject participated more than once, and the sessions lasted
45 minutes on average. Subjects were paid in cash at the end of the experiment,
and the exchange rate was 0.1 Turkish Liras per token
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Results

Mean Contributions and Earnings

Contribution in Period 1 Contribution in All Periods Earnings
N P p-value N P p-value N P

Istanbul - This study 8.9 9.1 0.950 6.1 10.9 0.019 23.6 19.4
Istanbul - Herrmann et al. [2008] 8.9 6.5 0.034 5.4 7.1 0.326 23.3 17.0
Boston - Herrmann et al. [2008] 13.0 16.0 0.012 9.3 18.0 0.002 25.6 27.9
Copenhagen - Herrmann et al. [2008] 14.1 15.4 0.088 11.5 17.7 0.001 26.9 27.7

Between-subject design increases the effectiveness of the punishment
mechanism in Istanbul
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Results
Timeline of Average Contribution by Treatment

▶ The decline of contributions over period in the N-experiment

▶ The evolution of contributions in the P-Experiment exhibits a great
deal of heterogeneity among groups

N-Experiment Details
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Results

Contribution Change by Group Average in P-experiment

Group Average
Next Period Contribution

Increases Remains the Same Decreases

Lower 39 (16.5%) 81 (34.3%) 116 (49.2%)
Equal 9 (13.4%) 53 (79.1%) 5 (7.5%)
Higher 161 (67.9%) 45 (19.0%) 31 (13.1%)

▶ When a group member observes that her contribution falls short of the group
average, she almost always either increases her contribution or keeps it the same

▶ On the other hand, when her contribution exceeds the group average, the next
period’s contribution is frequently either lower or the same

Group members update their contributions in the P-experiment that follows a close
relationship with the respective group average
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Results

Social versus Antisocial Punishment

Sender’s Contribution
Punishment

Non-zero Zero Mean Median

Higher 338 (52.3%) 308 (47.7%) 1.09 1
Not Higher 204 (17.7%) 950 (82.3%) 0.33 0

▶ While punishment expenditures are often not high, subjects punish
those who contributed less than them around 52% of the time.

▶ On the contrary, antisocial punishment is not prevalent and occurs
only in around 18% of cases when a subject observes that a group
member contributed at least as much as herself
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Results

Evolution of Average Contributions in the P-experiment
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▶ We cluster groups with respect to their first-period average
contributions (lowest 7 on the left and highest 8 on the right panel)

▶ If a group’s average contribution rate is above 43.75% in the initial
round, its average contribution rate by the end of the P-experiment is
no less than 61.25%.
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Results

Agent Based Modeling

▶ We take the first-period contributions from the P-experiment data

▶ We impose a simple state-dependent set of linear decision rules
motivated by the data, and we run Monte Carlo simulations for each
of the 15 groups in our sample

The decision rule we impose on subjects not only mimics final-round
average contributions accurately but also does a fairly good job of
capturing the evolution of group averages

Agent-Based Model Details Timeline of the Model Agent-Based Model Simulation Results

Determinants of Contributions Changes (Logit) Determinants of Contributions (OLS) Punishment Decisions
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Results
Comparison of Average Contributions in the P-experiment

Germany Turkey

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●0

5

10

15

20

0 5 10 15 20

Contribution − 1st Period

C
on

tr
ib

ut
io

n 
−

 1
0t

h 
P

er
io

d

●

●●

●

● ●

●

●

●

●

●

●

●

●

●

0

5

10

15

20

0 5 10 15 20

Contribution − 1st Period

C
on

tr
ib

ut
io

n 
−

 1
0t

h 
P

er
io

d

▶ First-period average group contributions by Herrmann et al. [2008] also exhibit a
high degree of variability, as do our data

▶ Disparities stem from the difference due to our between-subject design versus
Herrmann et al. [2008]’s within-subject
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Concluding Remarks

▶ In a public good game with punishment, contributions are
significantly higher in Istanbul under a between-subject design
compared to a within-subject design where the no-punishment
condition precedes the punishment condition

The detrimental effect of prior experience without punishment on
cooperation

▶ Two critical factors behind cooperation patterns:

Heterogeneous initial contributions

Simple contribution updating rules based on prior actions estimated
from the data via an agent-based model verifies that the interaction of
these factors generates strong persistence in contribution levels over
time

▶ The importance of initial contributions in shaping subsequent
cooperation within a group
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Concluding Remarks

Our contributions:

▶ The pivotal impact of experimental design and initial conditions on
cooperation outcomes.

▶ Guidance for robust cross-society experiment design by underscoring
within-group heterogeneity.

▶ Our findings uniquely isolate the effect of first-round divergence,
complementing research on culture and conditional cooperation in
social dilemmas

▶ The insights into contribution updating rules and belief formation
advance theoretical understanding of how cooperation evolves.
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Appendix
Results

Timeline of Average Contribution by Treatment

N-experiment

▶ During the first half, the frequency of subjects who contribute zero is
27%, whereas in the second half, this frequency reaches 46%

▶ By the 10th period, among the 15 distinct groups in this experiment:

11 groups end up at very low (3 tokens or fewer) average contribution
3 groups end up at moderate (between 6.75 and 8.5 tokens) levels
Only one group manages to reach a contribution level of 12

There exists a some degree of heterogeneity in the average contribution in
N-experiment
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Appendix
Results

Agent-Based Modeling

Agent-Based Modeling Steps

▶ We start our counter-factual analysis by feeding the agent-based model with
actual first-period contribution data of our 60 subjects in the 15 groups

▶ If a subject’s last period contribution is less than the group average, she either
raises her contribution or keeps contributing the same amount in the next period;
and if her last period contribution is at least equal to the group average, she
either reduces her contribution or contributes same

▶ We see that subject i’s sanctioning decision on subject j depends significantly on
subject i’s received sanction points last period, the average contribution of the
remaining members in the respective group in the current period and the round of
the current period, as well as her and subject j’s contribution in the current
period. Based on the estimated sanction probabilities from the data, we simulate
if subject i assigns subject j a sanction point (of unity) or not

▶ We move on to the next period and recursively conduct the same steps over
periods
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Appendix
Results

Agent-Based Modeling

Timeline of the Model

Is subject i’s last period contribution greater
than or equal to the last period average con-

tribution of other members in her group?

ci,t−1
?
> c̄−i,t−1

Subject i chooses whether to retain or decrease
her contribution ci,t−1 dependent on average
contribution of other members previous pe-

riod and last period contribution c̄−i,t−1, ci,t−1

Subject i chooses whether to retain or increase
her contribution ci,t−1 dependent on re-

ceived sanction points last period,
4∑

j,i
s j,i,t−1

If subject i retains, ci,t = ci,t−1 &
if decreases, she sets

ci,t = 0.412 × ci,t−1 + 0.495 × c−i,t−1 − 0.513 ×
4∑

j,i
s j,i,t−1

If subject i retains, ci,t = ci,t−1 &
if increases, she sets

ci,t = 0.511×ci,t−1+0.473×c−i,t−1+0.399×
4∑

j,i
s j,i,t−1+0.151×t

Subject i sanctions subject j: si, j,t based on ci,t , c j,t ,c̄−i− j,t ,

period t and sanction points she received in t − 1=
4∑

j,i
s j,i,t−1

Yes No

Period= t

Period= t + 1

Period= t − 1
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Appendix
Results

Agent Based Modeling

Agent-Based Model Simulation Results
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Appendix
Results

Agent-Based Modeling

Determinants of Contributions Changes (Logit)

▶ The dependent variable, increase, takes the value of 1 if a subject’s
contribution in the current period is larger than her contribution in
the previous period and 0 otherwise. Sample includes a subset of
observations featuring only subjects contributing less than the
previous period’s group average

The only variable with a significant effect is the number of punishment
points received from other group members in the previous period

▶ The dependent variable, decrease, takes the value of 1 if a subject’s
contribution in the current period is less than her contribution in the
previous period and 0 otherwise. Sample includes a subset of
observations, featuring only subjects contributing more than or equal
to the previous period’s group average

The average contribution of other group members in the previous
period and contribution in the previous period significantly affects the
next period’s contributions
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Appendix
Results

Agent-Based Modeling

Determinants of Contributions Changes (OLS)

▶ Sample of observations featuring subjects who contribute less than
the group average in the previous period and raise their contributions
in the current period

The number of punishment points received from other group members
in the previous period, the average contribution of other group
members in the previous period, the last period contribution, and the
period variable has a significant effect on the next period contributions

▶ Sample of observations featuring subjects who contribute more than
or equal to the group average in the previous period and reduce their
contributions in the current period

The number of punishment points received from other group members
in the previous period, the average contribution of other group
members in the previous period, and the last period’s contribution
have a significant effect on the next period’s contributions
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Appendix
Results

Agent-Based Modeling

Punishment Decisions

▶ Since punishment expenditures are often low and zero-punishment
commonly observed, we employ a series of probit models

▶ When we use the first-period observations in the P-experiment:
We first restrict our sample to observations in which the receiver’s
contribution is less than that of the sender

The contribution of the target subject (i.e., receiver) and the average
contribution of the two remaining group members are significant

When the sender’s contribution is less than or equal to the receiver
Only the contribution of the target subject (i.e., receiver) significantly
affects anti-social punishment

▶ When use all observations in the P-experiment:
The sender’s contribution, the average contribution of the two
remaining group members, the punishment points that the subjects
received in the previous period, the receiver’s contribution, and the
period have a significant effect on the punishment decision
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