
� � � � �� 	 
 � 	 � � 
 � � �

� � � � � � ��� �� � � � 	 �� � � � � ��� � � �� � � �� � �� � � � � � �� �

�� � � �� � 	 � 
 �� � � 
 � � � �� �

� � � � � 
 � � � � � ��� � � �� � � �

� �� � � �� � � � � � ��� � � �� � � � ��� � � � � � ��� �� � 	 � 
 �� � � � � ��� � � �� � � �� � �� � � � � � �� � �
�  � ! ��" � � 
 � �� �#�� �� �$ � �%� 
 � �� � ��� � � 	 � &' ' � � ��� 
 � ' (  �! ) )  * ' � * � * �
�
+ �


,� � � � 	 � &' ' � � ��� 
 � ' (  �! ) )  * ' � * � * � � 
 + 


 � - � �� � � �� � � � � �!�(�� .�(+& )&+�

/ �� 0��� ��� � � � � � 	 � &' ' � � ��� � � � �� �� � � ' �  �!   �( +1*+' ( ! ) 22

http://dx.doi.org/https://doi.org/10.57709/m9h9-er40
https://hdl.handle.net/20.500.14694/15733


ABSTRACT

ESSAYS IN EXPERIMENTAL AND HEALTH ECONOMICS

By

EYE EOUN JUNG

AUGUST, 2025

Committee Chair: Dr. James C. Cox

Major Department: Economics

This dissertation examines how institutional and policy designs in�uence individual

behavior in settings where private incentives con�ict with collective welfare. Across three

studies, I analyze behavioral responses to incentive structures in common-pool resource

environments, tobacco control policy, and social dilemma games, using both laboratory

experiments and quasi-experimental methods.

In chapter one, I investigate a novel incentive-based mechanism, partial output-sharing,

as a tool to mitigate over-extraction in common-pool resource (CPR) environments. Using

a laboratory experiment, I compare CPR appropriation under di�erent levels of mandatory

output-sharing. I �nd that higher levels of sharing reduce appropriation e�ort, aligning

individual behavior with the social optimum. These results demonstrate that free-riding,

often viewed as problematic, can be leveraged as a corrective force in overuse dilemmas.

In chapter two, I evaluate the impact of comprehensive smoking bans implemented in

South Korea in 2011. Using country-level panel data and the synthetic control method,

I construct a counterfactual �Synthetic Korea" from OECD countries that did not adopt

similar bans during the same period. I �nd that the smoking bans led to an 8.5% decline

in smoking prevalence, equivalent to 1.2 million fewer smokers. This chapter contributes

causal evidence of the e�ectiveness of non-price tobacco control policies in reducing harm-

ful behaviors at the population level.

In chapter three, I explore how the origin of shared resources, endogenous versus ex-



ogenous, a�ects cooperation in a two-stage social dilemma game. Subjects who create a

resource through collective provision are more likely to conditionally adjust subsequent

behavior in response to group contributions, exhibiting negatively reciprocal preferences

when initial cooperation is low. The �ndings suggest that people are more responsive to

the history of cooperation when the resource is the product of their joint action.

Together, these chapters o�er new insights into how incentive structures, institutional

design, and the origin of resources can jointly shape cooperation, and sustainability. The

results have implications for the design of more e�ective policies and institutions in re-

source management and public health.
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Chapter I: Managing the Tragedy of the Commons: A Partial Output-Sharing

Approach *

1.1 Introduction

Common-pool resources (CPRs) are de�ned to be natural or man-made resources that

are non-excludable and rivalrous. Anyone can extract resources and enjoy its bene�ts since

the resources are open to everyone. One's extraction1 of resources can exclude others from

obtaining bene�ts from it since the resources are �nite. Thus, individuals have the incen-

tive to exploit the resources as much as possible before someone else takes them. Such be-

havior generates negative externalities, as each individual's appropriation imposes implicit

costs on others by making the resource scarcer, raising the marginal cost of extraction, and

reducing the marginal bene�t due to declining market prices. These externalities can ul-

timately lead to the depletion of the resource. Since Hardin's (1968) seminal paper, the

phenomenon is calledT̀ragedy of the Commons,' where individuals' rational decisions re-

sult in sub-optimal outcomes for the community. The most common examples are �shery,

forestry, and groundwater irrigation. However, theT̀ragedy of the Commons' problems are

not limited to replenishable resources, but could also apply to non-replenishable resources

such as crude oil, natural gas, and other underground resources. Further, the commons

dilemma could also be found in environmental resources such as clean air, since excessive

pollution leads to environmental damage, biodiversity loss, and global warming (Barrett,

1994).

Several approaches have been proposed to mitigate the tragedy of the commons. Many

countries have implemented individual quotas and individual transferable quotas (ITQs)

* Acknowledgements: I gratefully acknowledge the �nancial support provided by the AYS Dissertation
Fellowship. I appreciate all comments from James Cox, Vjollca Sadiraj, Charles Noussair, Tom Mroz,
Stefano Carattini, Geo�rey Heal, Javier Portillo, and participants at Economic Science Association World
Meeting 2023, Economic Science Association North American Meeting 2024, Southern Economic Associa-
tion Annual Meeting 2024, and seminars at Georgia State University.

1In this paper, terms such as �extraction," �harvesting," �exploitation," and �appropriation" are used as
equivalent terms for devoting e�ort to obtaining the product of a CPR.
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to regulate the harvesting of marine resources by setting a total allowable catch and dis-

tributing it among resource users. Territorial user rights for �sheries (TURFs2) and Forest

User Groups (FUGs3) are other top-down approaches to managing resource extraction. In

these systems, governments assign area-based property rights to resource users, thereby

internalizing incentives for sustainable management.

While these top-down interventions have shown success in certain settings, an alter-

native line of research highlights the potential of bottom-up, community-driven solutions

that empower resource users to self-organize and manage shared resources collaboratively.

Ostrom, Gardner, and Walker (1994) summarize various community-based strategies for

overcoming CPR dilemmas. In particular, mechanisms such as face-to-face communication

(Ostrom and Walker, 1991), communication with sanctions (Ostrom et al., 1992), and rule

proposals with group voting (Walker et al., 2000) exemplify decentralized, participatory

approaches.

In addition to both regulatory and community-based governance, another class of so-

lutions, that typically implemented through top-down design, seeks to alter the underly-

ing economic incentives that drive CPR overuse. These incentive-based mechanisms, while

centrally imposed, aim to harness individual decision-making rather than restrict it. One

such approach is the use of a sharing arrangement. Heintzelman et al. (2009) provides a

theoretical framework for how such arrangements can reduce over-extraction. The sharing

arrangement induces free-riding behavior, which in turn reduces individuals' incentives to

extract excessively. The reduced appropriation could be bene�cial in the context of CPRs

where resource users tend to over-harvest. Building on this idea, Heintzelman et al. (2009)

proposed the full output-sharing model4 that a socially optimum level of harvesting could

2Examples are Maine lobster �shery and Chile shell�sh �shery (Steneck et al., 2017).
3In Napal, property rights are allocated to communities that have a traditional claim to the forest

(Bartlett and Malla, 1992).
4Also known as the Partnership Solution (Schott et al., 2007; Heintzelman et al., 2009; Cherry et al.,

2015; Buckley et al., 2018).
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be induced by dividing the set of resource users into partnerships in such a way that in-

dividual's tendency to over-extract is exactly o�set by a tendency to free-ride on others'

e�orts.

Similarly, Tilman et al. (2018) proposed the partial output-sharing model, in which

a socially optimal level of extraction can be achieved by pooling all resource users into

a single group and sharing a fraction of the revenue among its members. In this setting,

individuals who voluntarily join the output-sharing group are required to share a certain

proportion of their output to the group, then the shared outputs are distributed equally

among all group members. This arrangement reduces the marginal bene�t of extraction by

converting part of the private bene�t into a public bene�t.

The resulting incentive structure resembles that of a Pigouvian tax on harvests, in

that it imposes an implicit cost on each unit extracted and uses the collected revenue to

compensate others. However, unlike a Pigouvian tax, which is typically levied by an exter-

nal authority and remitted to a government, the output-sharing mechanism is structured

as an internal redistribution within the group of resource users. This distinction matters

both institutionally and behaviorally: the burden of the intervention is less likely to be

perceived as punitive, and the proceeds remain within the community, potentially increas-

ing political acceptability and social cohesion. Despite the theoretical appeal of this mech-

anism, its behavioral implications, particularly whether individuals respond to internally

redistributed sharing rules remain unexplored in experimental settings.

In this study, I conduct a laboratory experiment to evaluate the e�ectiveness of the

partial output-sharing model in addressing the CPR problem. To the best of my knowl-

edge, this is the �rst laboratory experiment to test the behavioral e�ects of the model pro-

posed by Tilman et al. (2018). This experimental approach provides novel behavioral evi-

dence on how partial output-sharing in�uences individual appropriation decisions, o�ering

empirical insight into its practical viability as a CPR management tool.
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This study contributes to the literature on CPR management by advancing our un-

derstanding of incentive-based solutions, particularly through the lens of partial output-

sharing. Sharing arrangements o�er several advantages over traditional approaches, such

as community-based rule changes. While these methods have proven e�ective in certain

settings, their success often depends on context-speci�c social norms, trust, and the abil-

ity of users to self-organize. In contrast, sharing arrangements directly address the core

issue of the commons problem�economic incentives�by modifying payo� structures to

encourage sustainable management, even in non-cooperative scenarios. In addition, shar-

ing arrangements are often more politically acceptable, as they allow resource rents to re-

main within the user group, making them more appealing than taxes. The partial output-

sharing model, in particular, introduces a centralized structure that includes all resource

users in a single group. By providing behavioral evidence on the performance of this model,

my study o�ers new insights into its potential as a viable and scalable tool for managing

CPRs.

The results show thatpartial output-sharing e�ectively reduces resource appropriation,

with appropriation levels approaching socially optimal benchmarks and aligning with the-

oretical Nash equilibrium predictions. These �ndings are consistent with prior results from

full output-sharing studies (Schott et al., 2007; Cherry et al., 2015; Buckley et al., 2018),

reinforcing the potential of output-sharing mechanisms as viable strategies for managing

common-pool resources.

The remainder of the paper is organized as follows. Section 1.2 outlines CPR model

in detail. Section 1.3 describes the experimental design and procedures. I present and dis-

cuss results in Section 1.4, followed by conclusion and discussion in Section 1.5. Subject

instructions and decision screens are included in the appendix.
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1.2 The Common-Pool Resource Model

In the CPR games5, there aren appropriators with access to the CPR. Each appropri-

ator i has an endowment ofe which can be invested either in the CPR or a safe, outside

activity. The marginal payo� of the outside activity is equal to w. The payo� to an indi-

vidual appropriator from investing in the CPR depends on the aggregate group investment

in the CPR and on the appropriator investment as a percentage of the aggregate. Letx i

denote appropriatori 's investment in the CPR, where0 � x i � e. The group return to

investment in CPR is given by the production functionF (
P n

j =1 x j ), whereF is a concave

function, with F (0) = 0 , F 0(0) > w , and F 0(ne) < 0. Initially, investment in the CPR pays

better than the opportunity cost of the forgone safe investment[F 0(0) > w ]; but if the ap-

propriators invest all resources in the CPR, the outcome is counterproductive[F 0(ne) < 0].

Thus, the yield from the CPR reaches a maximum net level when individuals invest some,

but not all, of their endowments in the CPR (See �gure A.1).

ui (x) = we if x i = 0

= w(e � x i ) + ( x i =
P n

j =1 x j )F (
P n

j =1 x j ) if x i > 0 (1.1)

Let the payo� in Equation 1.1 be the payo� function in a symmetric, non-cooperative

game. There is a symmetric Nash equilibrium, with each player investingx �
i in the CPR,

where

� w + (1 =n)F 0(nx �
i ) + F (nx �

i )[(n � 1)=x�
i n2] = 0 (1.2)

For the optimal solution to the group, summing across individual payo�sui (x) for all

5See Ostrom et al. (1994) for more details.
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appropriators i , we have the group payo� function

U(X ) = nwe� wX + F (X ); whereX =
P n

j =1 x j

which is to be maximized subject to the constraint0 � X � ne. Given the production

function F , the group maximization problem has a unique solution characterized by the

condition:

� w + F 0(X ) = 0 (1.3)

According to Equation 1.3, the marginal return from the CPR should equal the op-

portunity cost of the outside alternative for the last unit invested in the CPR. Note that

neither the Nash equilibrium investment nor the optimal group investment depends on

the endowmente, as long ase is su�ciently large. However, out of equilibrium, a larger

e means players are capable of generating larger negative yields when appropriating too

much from the CPR.

In experiments that use CPR games, the CPR scenario is modeled using quadratic

production functions denoted asF (X ), whereF (X ) = aX � bX2, with conditions F 0(0) =

a > w and F 0(ne) = a � 2bne < 0. This quadratic speci�cation leads to a payo� function

where the investment level at the symmetric Nash equilibriumx i = ( a � w)=(n + 1) b falls

between the maximal net yield (the group optimum) conditionx i = ( a � w)=2nb and the

zero net yield conditionx i = ( a � w)=nb.

ui (x) = we if x i = 0

= w(e � x i ) +
� x i

X

��
aX � bX2

�
if x i > 0 (1.4)
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1.2.1 CPR Games and Partial Output-Sharing Treatments

I use the CPR game as the baseline game, following the seminal work of Ostrom et al.

(1992). In CPR games, subjects are randomly assigned into the group size ofn. After the

group assignment, subjects are given an endowmente by the experimenter, and they must

allocate this endowment between two possible investments. One option is to invest in a

safe, outside activity which gives a �xed rate of return,w. The other option is to invest

in the CPR which gives variable returns depending on the aggregate group investment in

the CPR, X . As the aggregated group investment in the CPR increases, the marginal rate

of return from investment in the CPR decreases. The individual payo� for CPR games in

each round is expressed in equation 1.5.

� i = w(e � x i ) + x i (a � bX); whereX =
P n

j =1 x j (1.5)

For the partial output-sharing treatments, two components are added from the base-

line CPR games to operationalize the partial sharing among group members. One compo-

nent is the percentage of sharing arrangement,� 2 [0; 1], and the other component is the

additional income source from the equal distribution of the shared output from the group.

In the partial output-sharing treatments, similar to the CPR games, subjects are randomly

assigned into the group size ofn. Then, they are given an endowmente to allocate be-

tween two possible investments. However, they must share� percentage of their output

from the investment into the CPR. The shared output will be distributed equally to the

group members. For example, each playeri keeps(1 � � )x i (a � bX) from their own CPR

appropriation and shares� percentage of their output,�x i (a � bX), then the total shared

output is �X (a� bX) which is equally distributed among group members. The� is the key

parameter of the partial output-sharing model since it controls the individual's �nal pay-

o�, and thus it governs the individual's behavior. As the sharing arrangement� increases,
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the bene�t of appropriation from CPR decreases, while the bene�t from the shared income

increases, which results in reduced appropriation of CPR. For example, if an individual de-

cides not to appropriate CPR and stays home, the individual earnsw � e plus the amount

shared from the group. An individual who decides to appropriatex i , earnsw � (e� x i ) plus

their own portion of the output from the appropriation of CPR plus the amount shared

from the group (See equation 1.6).

� i = w(e � x i ) + (1 � � )x i (a � bX) +
�
n

X (a � bX) (1.6)

We can set the percentage of sharing arrangement,� to satisfy the investment level at

symmetric Nash equilibrium in equation 1.7 to meet the group optimum conditionx i =

(a � w)=2nb.

x i =
(1 � � + �=n )a � w

�
(n + 1) � � (n � 1)

�
b

or

� =
n � 1

n

� a � (n + 1) bxi

a + nbxi

�
(1.7)

To calibrate � so that the symmetric Nash equilibrium appropriation level in Equation

1.7 coincides with the socially optimal level, we substitutex i = ( a � w)=2nb, which yields:

� =
a � w
a + w

(1.8)

This closed-form solution allows us to determine the precise level of sharing needed to in-

duce optimal behavior under self-interested assumptions.
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1.2.2 Parameter Choices

I focus on experiments that use the parameter values shown in Table A.1. The num-

ber of subjects and the individual token endowment are based on the experimental designs

of Ostrom et al. (1992), Walker and Gardner (1992), and Ostrom et al. (1994). Other pa-

rameters, such as the production function for CPR investment and the �xed return from

outside activities, are selected to ensure that both the Nash equilibrium and the socially

optimal group investment levels are close to integer values. The parameters are also cal-

ibrated to produce a meaningful divergence between individual earnings under the Nash

equilibrium and the group maximum. Speci�cally, the relative payo� di�erence is approx-

imately 20%6 on average. The optimal sharing arrangement, denoted by� , is set to 0.6.

This implies that self-interested7 subjects under a partial output-sharing treatment with

� = 0:6 will choose to appropriate at the socially optimal level. Figure A.2 illustrates the

theoretical predictions for individual appropriation levels in the CPR as a function of the

sharing arrangement parameter� , given the chosen parameters.

1.3 Experiments

1.3.1 Experimental Design

The experiment consists of three di�erent CPR games, each varying in the intensity of

the sharing arrangement, denoted by� . For clarity, I refer to these treatments as Game

S60, GameS30, and GameS0 corresponding to 60%, 30%, and 0% output-sharing, respec-

tively.

GameS0 serves as the baseline and represents the natural CPR environment without

any sharing mechanism (� = 0). This captures subjects' behavior in the absence of institu-

tional intervention.

GameS60 implements a 60% partial output-sharing rule. In this treatment, all sub-

6Computed as the average of two ratios:(185� 151)=185� 18:4% and (185� 151)=151� 22:5%.
7Assuming individuals care only about maximizing their own payo�s.
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jects are required to participate in the sharing group and contribute 60% of their CPR

earnings to the group account, which is then equally redistributed. The choice of� � = 0:6

is based on theoretical predictions: under standard Nash equilibrium assumptions with

self-interested agents, this level of sharing leads to socially optimal appropriation.

GameS30 introduces a moderate level of output-sharing (� = 0:3). Although it is

not predicted to induce socially optimal behavior under Nash assumptions, this interme-

diate treatment serves two purposes. First, it re�ects the practical reality that identifying

and implementing the precise optimal sharing level may be di�cult in the �eld. Second,

it o�ers insight into how individuals respond behaviorally to moderate versus strong re-

distribution. While full sharing ( � = 0:6) is theoretically optimal, it may be perceived as

excessive or unfair by some participants, potentially reducing cooperation. In contrast, a

moderate level of sharing, such as� = 0:3, may feel more acceptable and elicit stronger be-

havioral responses. Comparing appropriation levels betweenS30 and S60 thus allows us to

test whether intermediate sharing can perform better than its theoretically superior coun-

terpart due to behavioral resistance to higher redistribution.

There are three di�erent treatment sessions in the experiment. All subjects will play

gameS0 �rst, then subjects play one of the three games-�S60, S30, or S0 for the second

game. Thus, the experimental design isS0S60, S0S30, and S0S0. The design has both within-

session variation and between-session variation. There are several advantages to this de-

sign. First, the institutional changes take place after the natural state, which resembles

the real-world implementation. We can observe how subjects react to policy changes that

potentially provide insights into how we should implement a partial output-sharing model.

Second, playing the baseline game �rst alleviates the concern for learning during the ses-

sion. Subjects will gain a su�cient understanding of the game by playing the baseline

game for 10 rounds. This will allow me to estimate the treatment e�ect by comparing the

result from the second gameS0, S60, and S30.

10



1.3.2 Implementation

The experiment was conducted at the Experimental Economics Center Laboratory at

Georgia State University (GSU) in Fall 2024. A total of 144 subjects participated across

six experimental sessions, which included three session types: 60% sharing (S0S60), 30%

sharing (S0S30), and No-sharing (S0S0). Each session consisted of three groups of eight

participants, totaling 24 subjects per session. Table A.3 summarizes the number of ses-

sions, groups, and subjects for each treatment condition. Subjects were recruited using

an automated system that randomly invites participants from a pool of around 1,000 stu-

dents who signed up to participate in economic experiments. Undergraduate students at

GSU were invited to participate in this experiment via email. Upon arriving at the lab,

subjects were randomly assigned to a laboratory computer terminal. Subjects earned ex-

perimental dollars (E$), which was converted to U.S. dollars at the rate of E$200 = U.S.

$1 at the end of the session. The experiment was programmed using o-Tree (Chen et al.,

2016). Each session lasted approximately one hour. The average payment per subject was

$18.93 including a $3 participation fee.

1.3.3 Procedures

Each session of the experiment had two parts, each with 10 rounds: �rst gameS0, fol-

lowed by one of the three games,S0, S60, or S30. After completing the games, subjects

�lled out a survey. Subjects were told that their �nal payo� would be the total of their

earnings from both parts.

The session proceeded as follows. At the beginning of a session, subjects read on-screen

instructions detailing the experiment. After all subjects completed reading the instruc-

tions, the experimenter summarized them and answered any questions. Before starting

the experiment, subjects took a short quiz to ensure they understood the consequences of

their choices for their payo�s. The computer did not allow subjects to proceed to the next

screen until they achieved a perfect score on the quiz. After the quiz, subjects played three

11



practice rounds against the computer. Next, subjects were randomly assigned to a group

of eight. They then played 10 rounds of GameS0 as part 1, followed by either GameS0,

S60, or S30 as part 2. Groups remained �xed within each part, but subjects were randomly

reassigned to new groups at the beginning of part 2. During the game, subjects decided

how much to appropriate from the CPR, denoted asx i , for each round. After all group

members submitted their decisions privately, payo�s for the round were determined. Sub-

jects received information on their own payo�s, including a breakdown of earnings from

appropriation, other work, and group sharing. They also received information on the total

appropriation by the group and a history of their earnings for each round.

Once they completed part 2, subjects �lled out a questionnaire on demographics, strate-

gies, preferences over two games, and questions about Big-Five personality traits using

Ten-Item Personality Inventory (Gosling et al., 2003). On top of the payo�s from the games,

subjects received a $3 bonus for �lling out the questionnaire at the end of the experiment

to avoid the income e�ect of the participation fee. Table A.2 shows the experimental pro-

cedures.

1.3.4 Hypotheses

This section outlines three testable hypotheses derived from the theoretical predictions

of the partial output-sharing model.

Hypothesis 1 (H1) Output-sharing reduces over-appropriation compared to no sharing.

The null hypothesis is that there is no di�erence in the group (individual) appropriationX

(x i ) between the output-sharing treatments,S30, S60, and the no-sharing baseline,S0.

H 1
0 : X S30 = X S0 and X S60 = X S0

xS30
i = xS0

i and xS60
i = xS0

i (1.9)
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with alternative hypothesis is that the group (individual) appropriation X (x i ) in output-

sharing treatments,S30, S60, is lower than in the no-sharing baseline,S0.

H 1
A : X S30 < X S0 and X S60 < X S0

xS30
i < x S0

i and xS60
i < x S0

i (1.10)

Hypothesis 2 (H2) Stronger output-sharing further reduces over-appropriation.

The null hypothesis is that there is no di�erence in group (individual) appropriationX

(x i ) between the strong-sharing treatment,S60, and the weak-sharing treatment,S30.

H 2
0 : X S60 = X S30

xS60
i = xS30

i (1.11)

The alternative hypothesis is that group (individual) appropriationX (x i ) is lower in the

stronger-sharing treatment,S60, than in S30.

H 2
A : X S60 < X S30

xS60
i < x S30

i (1.12)

Hypothesis 3 (H3) Subjects will appropriate at the socially optimum level in the partial

output-sharing model.

The null hypothesis is that the observed group (individual) appropriationX (x i ) and earn-

ings ui in the S60 treatment are equal to the theoretical social optimum and the corre-

sponding maximum payo�.

H 3
0 : X S60 = X opt and uS60

i = umax
i (1.13)
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The alternative hypothesis is that group (individual) appropriation and earnings in theS60

treatment di�er signi�cantly from the social optimum and maximum payo�.

H 3
A : X S60 6=X opt or uS60

i 6=umax
i (1.14)

To evaluate the hypotheses, I compare average appropriation and earnings across treat-

ments and game phases. For Hypotheses H1 and H2, I analyze mean appropriation in

the second half of the CPR games. For Hypothesis H1, I test whether average group and

individual appropriation in the output-sharing treatments (S30 and S60) is signi�cantly

lower than in the baseline (S0). A rejection of the null hypothesis supports the claim that

output-sharing reduces over-appropriation. For Hypothesis H2, I test whether appropria-

tion in the strong-sharing treatment (S60) is signi�cantly lower than in the weak-sharing

treatment (S30). A rejection of the null in this case would indicate that higher levels of

sharing further reduce appropriation. To evaluate Hypothesis H3, I compare observed

group appropriation and individual earnings in theS60 treatment to the theoretical social

optimum and corresponding maximum payo�. If the observed values are statistically indis-

tinguishable from these optimal benchmarks, I fail to reject the null hypothesis, indicating

that subjects under strong output-sharing behave in accordance with socially optimal out-

comes.

I also estimate the average treatment e�ect of the partial output-sharing model using

both between-subjects and within-subjects comparisons. To account for potential learning

dynamics, the initial rounds of each part are excluded from the main analysis.

1.4 Results

1.4.1 Aggregate Appropriation

This section reports the aggregate group appropriation of CPR across periods and

compares it to the group's Nash equilibrium benchmarks for each treatment. Figure A.3
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plots mean group-level appropriation over time (solid lines) against Nash equilibrium pre-

dictions (dashed lines) for the three treatments: No Sharing (black circles), 30% Sharing

(green squares), and 60% Sharing (red triangles). The observed mean appropriations are

117.3, 99.8, and 65.3 for the no-sharing, 30%, and 60% sharing treatments, respectively.

These values closely align with the theoretical Nash predictions of 112, 96, and 64. In the

no-sharing treatment, mean aggregate group appropriation appears to oscillate between

100 and 120, consistent with �ndings reported by Ostrom et al. (1994) for CPR games.

In the sharing treatments, mean aggregate appropriation appears to converge to the Nash

equilibrium levels of 96 and 64 for the 30% and 60% sharing treatments, respectively, re-

sults that are consistent with those reported by Schott et al. (2007) for full output-sharing

treatments. The right panel of Figure A.3 shows the mean aggregate appropriation for pe-

riods 4�9, excluding potential noise from early learning e�ects and end-of-period behavior.

The overall pattern remains consistent: both sharing treatments lead to reduced appropri-

ation, with the 60% sharing treatment yielding the most substantial decline.

The reduction in aggregate group appropriation is more evident when examining the

between-subjects mean comparison by treatment. Figure A.4 presents the mean aggregate

group appropriation across treatments. The left panel shows mean appropriation during

the �rst (baseline) games, and the right panel shows mean appropriation during the second

(treatment) games. The lack of di�erences across treatments in the baseline (left panel)

indicates that randomization of subjects across treatments was successful, as baseline be-

havior does not di�er systematically across treatment groups. It also re�ects a consistent

pattern of higher appropriation in the absence of sharing incentives, characteristic of over-

extraction behavior in CPR environments. In contrast, the right panel shows a notable re-

duction in mean appropriation under both sharing treatments, supporting Hypothesis H1:

subjects appropriate less in the partial output-sharing model than in the baseline model.

Table A.4 presents OLS regression estimates of aggregate group appropriation by treat-
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ment assignment. The results con�rm that both sharing treatments signi�cantly reduce

appropriation compared to the no-sharing baseline, with the 60% sharing treatment asso-

ciated with the largest reduction. These �ndings reinforce the experimental evidence that

stronger sharing incentives lead to more restrained use of common-pool resources.

Result 1: Hypothesis H1 is supported. Group appropriation is signi�cantly reduced under

the output-sharing treatments compared to the baseline (i.e., no sharing).

Result 2: Hypothesis H2 is supported. The 60% sharing treatment achieved the lowest

aggregate appropriation, indicating stronger restraint from over-extraction compared to

the 30% sharing group. This trend aligns with Hypothesis H2, which suggested that higher

sharing intensity leads to lower overall appropriation.

1.4.2 Individual Appropriation

Figure A.5 depicts mean individual appropriation across treatments. The left panel

shows mean appropriation during the �rst (baseline) games, and the right panel shows

mean appropriation during the second (treatment) games. Consistent with the group-level

results, individual appropriation remains high across all treatments in the baseline games

(left panel) and decreases following the introduction of the sharing treatments (right panel).

This provides evidence that partial output-sharing induces behavioral changes at the indi-

vidual level, leading to reduced resource extraction.

Table A.5 presents OLS regression estimates of individual appropriation by treatment

assignment. The results con�rm that both sharing treatments signi�cantly reduce individ-

ual appropriation compared to the no-sharing baseline, with the 60% sharing treatment

associated with the largest reduction.

Table A.6 presents Di�erences-in-Di�erences (DiD) estimates of individual appropri-

ation by treatment assignment. The results are consistent with the �ndings in Table A.5,

showing that both 30% and 60% sharing treatments lead to reductions in individual ap-

propriation relative to the no-sharing group. The negative and statistically signi�cant co-
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e�cients for the 60% sharing treatment across speci�cations provide strong evidence that

the institutional change caused a meaningful behavioral shift. Compared to the between-

subjects OLS estimates in Table A.5, the DiD estimates account for baseline appropriation

behavior and o�er a more robust causal interpretation of the treatment e�ect. Notably,

the magnitude of the 60% treatment e�ect remains stable across speci�cations, and the

e�ects persist even after including controls and individual �xed e�ects. These results re-

inforce the conclusion that stronger sharing incentives lead to greater restraint in resource

appropriation. Figures A.11 and A.12 illustrate the dynamic treatment e�ects over time

using event study models.

To further assess the consistency between observed behavior and theoretical predic-

tions, Figure A.6, it compares the observed average individual appropriation in each treat-

ment with theoretical benchmarks�speci�cally the symmetric Nash equilibrium for no

sharing baseline and social optimum levels, as illustrated in Figure A.2. The theory pre-

dicts that as the proportion of sharing (� ) increases, average individual appropriation de-

clines, reaching the social optimum at 60% sharing. The observed mean individual appro-

priations: 14.1 for no sharing, 12.4 for 30% sharing, and 9.1 for 60% sharing, closely align

with the theoretical predictions of 14, 12, and 8, respectively. The observed behaviors are

not statistically di�erent from the theoretical predictions at the 95% con�dence level, sug-

gesting that participants adjusted their behavior in response to the sharing incentives in a

manner consistent with theoretical expectations.

Result 3: Hypothesis H3 is supported. The mean individual appropriation in the 60%

sharing treatment is 9.1, which is not statistically di�erent from the socially optimal ap-

propriation level of 8 at a 95% con�dence level.

1.4.3 Earnings

Figure A.7 displays the distribution of individual earnings during the treatment phase

across the three treatments. Mean individual earnings (indicated by dotted lines) are high-
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est under the 60% sharing treatment and lowest under the no-sharing baseline. Addition-

ally, the 60% sharing treatment exhibits the lowest variance in earnings, suggesting a more

equitable distribution of payo�s among participants by design. These �ndings support

Hypothesis H3, which posits that the social optimum is achieved under the 60% sharing

treatment. The lower mean earnings in the no-sharing condition re�ect the ine�ciencies

associated with CPR over-extraction. In contrast, the upward trend in mean earnings with

increasing sharing intensity implies that partial output-sharing not only mitigates over-

extraction but also improves overall earnings, bene�ting participants collectively. Table

A.7 and Table A.8 present OLS regression estimates of total individual earnings over 10

periods and mean individual earnings per period, respectively.

1.4.4 Treatment Assignment and Sharing Preferences

To explore the relationship between the intensity of sharing arrangements and partic-

ipants' stated preferences over output-sharing, I examine the proportion of participants

who preferred partial output-sharing over no-sharing. I further analyze the distribution of

individual earnings to investigate potential drivers of these stated preferences.

Table A.9 summarizes the distribution of stated sharing preferences by treatment as-

signment. Among those assigned to the 60% sharing treatment (S0S60), 71% expressed a

preference for sharing, compared to 54% in the group assigned to the 30% sharing treat-

ment (S0S30). Although this does not represent a direct comparison between preferences

for 60% and 30% sharing arrangements, it provides suggestive evidence regarding partic-

ipants' acceptance of institutional change. The results imply that participants are more

likely to prefer sharing arrangements under the 60% condition than under the 30% condi-

tion.

Figure A.8 presents kernel density estimates of individual earnings by stated prefer-

ence type and treatment assignment. Panels (a) and (c) show earnings distributions from

the �rst-stage (baseline) game, where all groups faced the same no-sharing environment.
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Panels (b) and (d) display distributions from the second-stage (treatment) game, where

the assigned sharing treatment di�ers across groups. Notably, participants who preferred

the sharing arrangement earned less, on average, than their counterparts in the �rst-stage

baseline game in both the 30% sharing group (S0S30) and the 60% sharing group (S0S60).

These earnings gaps disappeared in the second-stage treatment game for both groups.

This pattern suggests that participants may have preferred the sharing arrangement be-

cause it improved their earnings outcomes.

Overall, the �ndings suggest that exposure to more intensive sharing arrangements

increases acceptance of those institutions. Participants in the 60% sharing treatment were

more likely to prefer sharing, and this preference aligns with improved earnings under the

treatment. These results indicate that institutional preferences may be shaped, in part, by

self-interested responses to payo� outcomes.

1.4.5 Subgroup Analysis: Gender and Big Five Personality Traits

This section explores treatment heterogeneity by gender and Big Five personality traits,

using both between-subjects and within-subjects comparisons. Personality traits were

measured using the Ten-Item Personality Inventory (TIPI; Gosling et al., 2003). Partici-

pants rated themselves on a 1�7 Likert scale for two items per trait: one positively worded

and one negatively worded (reverse-coded). Trait scores were calculated as the average of

the non-reverse minus reverse item responses. A subject is categorized as high in a given

trait (i.e., Extraversion, Agreeableness, Conscientiousness, Openness, or Neuroticism) if

their score was equal to or greater than one.

Figure A.9 presents the between-subjects results. The left panel displays treatment ef-

fects for the 60% sharing condition, while the right panel shows results for the 30% sharing

treatment. In this speci�cation, treatment e�ects are estimated by comparing average ap-

propriation behavior during the second phase of the experiment across di�erent treatment

sessions. The results suggest that male participants reduced their appropriation more than
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female participants in both treatment conditions. In the 60% sharing treatment, di�er-

ences across personality traits are small and statistically insigni�cant. In contrast, in the

30% sharing treatment, Extraverted individuals appear to reduce their appropriation more

than others, although this di�erence is only marginally signi�cant.

Figure A.10 presents the within-subjects analysis. The left and right panels show esti-

mated treatment e�ects for the 60% and 30% sharing treatments, respectively. In this ap-

proach, treatment e�ects are computed as the di�erence in appropriation between the �rst

(baseline) and second (treatment) phases within the same subject. Consistent with the

between-subjects results, male participants reduced their appropriation more than female

participants. Among the personality subgroups, no statistically signi�cant di�erences were

observed in either treatment condition. However, similar to the between-subjects results,

Extraverted participants in the 30% sharing treatment appear to reduce their appropria-

tion more than others, though the di�erences are not statistically signi�cant.

1.5 Conclusion and Discussion

1.5.1 Conclusion

This study examined the e�ectiveness of partial output-sharing as a mechanism for

managing CPRs. Using a laboratory experiment, I tested the impact of di�erent levels

of output-sharing on individuals' resource extraction behavior. The results indicate that

partial output-sharing signi�cantly reduces over-extraction and leads to higher collective

earnings, thereby supporting socially optimal outcomes.

Speci�cally, the �ndings show that increasing the proportion of output shared among

participants reduces the incentive to over-extract. The 60% sharing treatment yielded ap-

propriation levels that were not statistically di�erent from the social optimum, while also

generating the highest individual earnings and the lowest variance across participants.

These results suggest that the partial output-sharing model can e�ectively align individ-

ual incentives with the collective interest in resource sustainability.
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The results further demonstrate the potential of partial output-sharing as a viable pol-

icy tool for enhancing the sustainability of common resources. While it is di�cult to draw

de�nitive conclusions about real-world e�ectiveness from a single laboratory experiment,

the evidence presented here o�ers valuable insights into a promising approach to CPR

management.

The implications of these �ndings are substantial for the design of CPR management

policies. Partial output-sharing presents a promising alternative to traditional top-down

regulatory approaches, as it retains resource rents within the community and enhances po-

litical acceptability. Future research should explore practical avenues for implementation,

such as testing voluntary participation and alternative governance structures.

Overall, this study suggests that partial output-sharing is an e�ective institutional tool

for mitigating the `Tragedy of the Commons' and improving sustainability outcomes in

CPR settings, ultimately bene�ting all participants.

1.5.2 Discussion

While the full output-sharing model, often referred to as the Partnership Solution, has

demonstrated e�ectiveness in laboratory settings, its applicability in real-world environ-

ments remains uncertain. For instance, Cherry et al. (2015) show that full output-sharing

can reduce appropriation e�ort and promote socially optimal outcomes under controlled

conditions. However, whether these results translate into �eld settings is less clear, partic-

ularly given the complexity of real-world motivations.

Platteau and Seki (2001) highlight this concern through their study of Japanese �shery

communities that implement pooling arrangements. Interestingly, in interviews with �sh-

ermen, the dominant rationale for joining output-sharing groups was not to insure against

low catches or reduce individual e�ort, as predicted by free-riding logic. Instead, the pri-

mary motivation was to avoid congestion at lucrative �shing spots. This suggests that the

behavioral mechanisms underpinning full output-sharing in theory may not fully align with
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those observed in practice. In some cases, such arrangements may even reinforce extractive

behaviors, as partnerships are formed to maximize access rather than to limit it.

By contrast, the partial output-sharing model explored in this study may o�er a more

behaviorally robust and �eld-relevant solution. Unlike full output-sharing, partial sharing

maintains individual autonomy while still modifying incentives through shared redistri-

bution. This design preserves a clear link between individual e�ort and earnings, while

simultaneously internalizing the social cost of over-extraction. Furthermore, its centralized

structure, in which all users belong to a single sharing group, o�ers administrative simplic-

ity and stability, avoiding the coordination issues that can arise in forming and maintain-

ing smaller, dynamic partnerships.

1.5.3 Future Work

The partial output-sharing model can be further explored in laboratory settings that

more closely mimic real-world environments. Once su�cient behavioral insights are gained

through controlled experiments, the model can be tested in �eld settings, such as �sheries,

to evaluate its practical implementation and e�ectiveness in natural contexts.

One promising extension involves introducing voluntary participation. In the current

experiment, all participants were required to join the sharing group. In a follow-up study,

subjects could begin each round in the natural (non-sharing) state and choose whether to

opt into the partial output-sharing group. To incentivize participation, mechanisms such

as sign-up bonuses could be introduced. Once a subject chooses to join, they would remain

in the group for the remainder of the experiment. This design would provide valuable in-

sight into voluntary engagement with sustainability initiatives and help inform real-world

implementation strategies.

Another direction is to examine how decisions about the sharing level are made. Specif-

ically, comparing centralized versus decentralized governance structures. In a centralized

setting, subjects could vote to elect a leader who decides the sharing proportion on be-
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half of the group. In a decentralized setting, group members would collectively discuss and

reach a consensus on the sharing level. This experiment would o�er insight into whether

participants or designated leaders are better able to identify and implement optimal shar-

ing arrangements, and whether such systems can still support socially optimal appropri-

ation outcomes. These extensions would contribute to a more nuanced understanding of

how partial output-sharing can be adapted and scaled for practical use.
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Chapter II: Impact of Smoking Bans on Smoking in South Korea: A Synthetic

Control Approach „

2.1 Introduction

Smoking is a major concern for policymakers in South Korea. The average smoking

rate recorded 35%8 in 2000, 62.8% among the male population and 7.1% among the fe-

male population (See Figure C.1 for trends in smoking prevalence). South Korea is the

7th highest male smoking rate in OECD countries based on 2017 OECD Health Statistics

estimates (Figure C.2). According to Jung et al. (2013), approximately 58,000 people ex-

perience premature death related to smoking each year. Also, Oh et al. (2012) using the

nationally representative claims data from the National Health Insurance Corporation, es-

timated the total economic cost of smoking-related cancers reached USD 3 billion in 2008.

Reducing the smoking prevalence could help reduce substantial amount of national

healthcare spending and prevent individual health problems. The South Korean govern-

ment has made a great e�ort to reduce the prevalence of smoking and its consumption, es-

pecially starting from 2011 when the government observed a steady increase in the smok-

ing rate. Since 2011, a wide range of smoking bans have been implemented, including in-

door smoking bans9 and outdoor smoking bans. The amendment of National Health Pro-

motion Act that passed in 2010 gave local authorities the power to enact bylaws banning

smoking in outdoor public places (Cho, 2014). The outdoor smoking bans were rapidly

spread across the country when Seoul metropolitan city passed bill on preventing second-

hand smoke in 2011. Due to the amendment, the smoke-free zone expanded to public ar-

eas including bus stops, subway station entrances, and public parks. The amendment also

„ Acknowledgements: I appreciate all comments from Michael Pesko, Hojin Park, Stefano Carattini,
and participants at Southern Economic Association Annual Meeting 2023, American Society of Health
Economists Conference 2023 and 2024, Tobacco Online Policy Seminar 2024, and seminars at Georgia
State University.

8The smoking prevalence represents the share of the general population aged 19 years or older who
reported currently smoking. Source: KNHANES

9The indoor smoking ban is equivalent to an indoor air law or comprehensive smoke-free legislation.
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introduced 100,000 Won (USD 90.1010) �ne to people who smoke in the prohibited area.

The tobacco control policy was enhanced by introducing the comprehensive indoor smoke-

free policy in 2011, prohibiting smoking in large restaurants, bars, cafes, and o�ces, which

later expanded to all restaurants, bars, cafes, and o�ces. Police were actively enforcing the

�nes on smokers who smoked in the prohibited area. In 2015, policymakers increased the

tax on cigarettes, resulting in 80% price increase�from 2,500 Won (USD 2.30) to 4,500

Won (USD 4.10). In 2016, the Korean government passed a law to mandate to include pic-

torial warning labels (Figure C.3) on all cigarette packages. In 2017 and 2018, the smoke-

free zone expanded to all sports facilities and kindergarten areas.

Studies have shown that comprehensive smoke-free policy in Korea led to increased in-

door air quality, and reduced second-hand smoke which are the primary intention of the

policy. Kim et al. (2016) measured indoor air quality of 148 bars located in Seoul and

Changwon before and after the implementation of comprehensive smoke-free policy, found

that PM 2:5 concentration of all bars gradually decreased from 98.4�g=m 3 to 26.6 �g=m 3.

Park et al. (2020) examined biochemical markers speci�c to second-hand smoke to mea-

sure the exposure under di�erent smoking restriction settings. The authors concluded

that comprehensive indoor smoking bans reduced second-hand smoke in hospitals, inter-

net cafes, karaoke, and billiard halls. These �ndings are align with the �ndings in New

Zealand (Edwards et al., 2008).

Smoking restrictions in outdoor public spaces have emerged relatively recently, with re-

search exploring their e�ectiveness still developing. Johns et al. (2015) analyzed New York

State Adult Tobacco Survey and found that the 2011 New York City smoking bans in pub-

lic parks and beaches was associated with reduced smoke exposure. Similarly, Okoli et al.

(2013) reported observed reductions in smoking rates following outdoor smoking restric-

tions in Vancouver. However, these studies relied on observational data, limiting causal

10Based on the exchange rate of USD 1 to 1,100 Korean Won.
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inference.

While many studies examine the e�ect of smoking bans on smoke exposure and cessa-

tion outcomes, relatively few have focused on population-level smoking prevalence as an

outcome (Hahn, 2010). Some Evidence suggests that smoking prevalence may initially de-

cline following the introduction of smoking bans, but these reductions might not persist in

the long term. Heloma and Jaakkola (2003) and Helakorpi et al. (2008) reported that the

enactment of a smoke-free workplace law in Finland reduced smoking rates by 15% dur-

ing the �rst year; however, smoking rates remained unchanged over the subsequent three

years. A study on Irish bar workers found a signi�cant decline in the number of cigarettes

smoked per day, but no signi�cant reduction in smoking prevalence during the �rst year

after the smoke-free law was implemented. Anger et al. (2011) used variation in the tim-

ing of smoke-free bar policies across German states and found that individuals who fre-

quented bars reduced smoking, though average smoking behavior in the general population

remained unchanged. Boes et al. (2015), exploiting the staggered implementation of smok-

ing bans in public venues in Switzerland, found a 1% reduction in smoking prevalence after

one year. In the United States, Carton et al. (2016), using Behavioral Risk Factor Surveil-

lance System (BRFSS) data, found that comprehensive indoor smoking bans are associ-

ated with a 2.35% to 3.29% average reduction in smoking prevalence.

On the other hand, Lee, Glantz, and Millett (2011) studied the implementation of a

smoke-free policy in England and found a signi�cant reduction in smoking behavior in pro-

hibited areas, which contributed to a decline in smoking prevalence. However, they con-

cluded that the reduction was barely the trend, suggesting that the policy neither accel-

erated nor slowed the decline. Several other studies also report no clear e�ect of smoking

bans on smoking prevalence, though they do �nd increases in quit attempts (Nagelhout et

al., 2012; Edwards et al., 2008). Overall, the literature on the e�ects of smoking bans on

population-level smoking prevalence o�ers mixed evidence.
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Given the mixed evidence on the impact of smoking bans on smoking prevalence, pro-

viding additional evidence from South Korea can contribute meaningfully to the litera-

ture. Several studies have examined the e�ects of the 2011 smoking ban implementations

in South Korea. Kang and Cho (2020) investigated the impact of comprehensive indoor

smoking bans on adolescent smoking behavior and found a signi�cant decline in smoking

prevalence among boys from 16% to 9%, and among girls from 9% to 3% between 2006

and 2017. Ko (2020), exploiting variation in the timing of outdoor smoking bans across lo-

cal governments, found that these bans increased the probability of making a quit attempt

by 16%, consistent with �ndings from Nagelhout et al. (2012) and Edwards et al. (2008).

However, Ko (2020) found no signi�cant e�ect of outdoor smoking bans on overall smoking

prevalence.

Notably, studies that reported e�ects of smoke-free policies (Kim et al., 2016; Park et

al., 2020; Kang et al., 2020) primarily relied on pre-post analysis, which could lead to a

biased estimates due to uncontrolled nation-speci�c, time-varying factors. Although Ko

(2020) provided a causal estimate of the outdoor smoking ban's e�ect, the analysis con-

trolled for the 2011 indoor smoke-free policy, which may have absorbed the policy's overall

e�ect on smoking prevalence.

In theory, as more places become smoke-free, the cost of smoking increases in both

time and mental e�ort. Restriction reduces smokers' opportunity to consume tobacco prod-

ucts, forcing them to invest additional time and e�ort to �nd permitted areas. Also, the

changes in social norms regarding acceptability of smoking increases stress on smokers.

However, if the cost is not high enough to counter the addiction, smoker will continue to

smoke (Chaloupka and Warner, 2000). Considering the cost of smoking is monotonically

increasing as various tobacco policies being implemented, analyzing the impact of smoking

bans as a whole, including indoor and outdoor smoking bans, is plausible when estimating

the reduction in smoking prevalence. Growing literature in causal inferences suggests that
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the synthetic control method could provide useful insight in this case.

In this paper, I empirically estimate the e�ect of smoking bans in South Korea by es-

timating the reduction of the average smoking rates using country-level panel data and

the synthetic control method (Abadie and Gardeazabla 2003, Abadie, Diamond, and Hain-

mueller 2010, 2015, Andersson 2019, Abadie 2021). From a group of OECD countries, I

construct the counterfactual, �Synthetic Korea": a comparable unit consisting of a weighted

combination of countries that did not implement a sequence of large price policies and

non-price policies during the treatment period and that prior to treatment resemble Ko-

rea on several key predictors of smoking rates and have similar levels and paths of smoking

rates. The synthetic control method provides an estimated average smoking rate reduc-

tion of 2.3 percentage points from the baseline smoking rate of 27.1% in 2011, which is an

8.5% reduction. In other words, the smoking bans e�ectively deterred 1.2 million people

from smoking, either through cessation of the current smokers or preventing the initiation

of new smokers. This reduction is estimated to have generated approximately USD 207

billion in economic value through gains in life expectancy.

This paper o�ers several contributions to the literature. First, it adds to the growing

body of research on the e�ects of smoking bans11 on smoking prevalence by examining

their e�ectiveness in a non-Western, middle-high-income country context. Second, it con-

tributes to the literature on non-price tobacco control policies, which remain understudied

relative to price-based measures, by evaluating the combined impact of indoor and outdoor

smoking bans. Third, it applies the synthetic control method (SCM) to plausibly estimate

the overall causal e�ect of smoking bans, o�ering methodological insight for evaluating na-

tionally and simultaneously implemented policies. Finally, the paper introduces a newly

hand-collected, country-level panel dataset on smoking prevalence across OECD countries,

11Smoking Bans include comprehensive indoor smoking bans such as comprehensive smoke-free policies
(SFP) and indoor air laws (IAL), as well as outdoor smoking bans.
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which may serve as a valuable resource for future research.

The remainder of the paper is organized as follows. Section 2.2 presents detailed back-

ground on South Korea's tobacco control policies. Section 2.3 presents the data and meth-

ods used for the estimation of smoking prevalence reductions. Section 2.4 presents the

results of the empirical analysis as well as several robustness checks. Finally, Section 2.5

concludes.

2.2 Background

Smoking was very common among adult males in South Korea in 1990, with a smok-

ing rate of 75.3%, while only 7.7% of adult females smoked, bringing the overall average

down to 41.5%. At the time, strong social norms discouraged women from smoking. In

1995, South Korean policymakers began to recognize smoking as a serious public health

issue and enacted the National Health Promotion Act, which introduced tobacco control

measures such as designating schools and hospitals as smoke-free zones and restricting to-

bacco advertising and exposure on television (Cho, 2014). Table C.112 shows the changes

in cigarette taxes and prices beginning in 1991. Following these tax adjustments, tobacco

prices rose gradually from 1994 to 2002, followed by signi�cant increases in 2002 and 2005,

with prices rising by 500 Won each time from a base of 1,500 Won�a 60% increase over-

all. This led to a sharp decline in smoking prevalence among men, from 60.5% in 2002 to

45.9% in 2006. However, the impact of this initial price policy soon diminished, as smok-

ing rates began to rise steadily again among both male and female populations.

Although South Korea rati�ed the WHO Framework Convention on Tobacco Control

(FCTC) 13, the e�orts to regulate smoking have been weak (Cho, 2014). Tobacco adver-

tising, promotion, and sponsorship are not comprehensively restricted, the sale of tobacco

products to minors is poorly enforced, though it is prohibited, and smoking cessation ser-

12Source: Park (2016)
13The �rst international treaty negotiated under WHO to advance the implementation of tobacco con-

trol policies.
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vices are not covered by the public health insurance program.

Starting from 2011, South Korean policymakers implemented a series of tobacco con-

trol policies. The National Health Promotion Act was amended in 2010, granting local

authorities the authority to establish regulations prohibiting smoking in outdoor pub-

lic spaces (Cho, 2014). The implementation of outdoor smoking bans gained momentum

nationwide after Seoul metropolitan city passed a bill on preventing second-hand smoke

in 2011. This led to the expansion of smoke-free zones to various public areas, including

commonly frequented sites like bus stops, subway station entrances, and public parks. A

new �ne of 100,000 Won (USD 90.10) was introduced and actively enforced on people who

smoke in the prohibited area. The introduction of the indoor smoking bans in 2011, pro-

hibiting smoking in large restaurants, bars, cafes, and o�ces, later expanded to all restau-

rants, and bars made smokers substantially inconvenient to smoke.

This marked a critical shift from a partial smoke-free policy to a comprehensive smoke-

free policy. Under the partial policy, smoking was allowed in designated areas within in-

door venues, such as speci�c rooms or sections in restaurants and bars. However, these

areas were not required to be completely enclosed or separated, allowing smoke to travel

to adjacent non-smoking areas. In contrast, the comprehensive policy implemented in 2011

prohibited smoking entirely in such venues, unless a designated smoking area was com-

pletely isolated with physical barriers and independent ventilation to prevent smoke from

spreading. Figure C.4 visually illustrates this shift, comparing an environment with par-

tial restrictions to one with comprehensive protections. As part of policy implementation,

smoking booths were introduced in some indoor and outdoor locations to provide smokers

with enclosed spaces compliant with the new regulations. Figures C.5 and C.6 show exam-

ples of these facilities. To reinforce compliance, the government also installed highly visible

no-smoking signs across smoke-free zones, such as the one depicted in Figure C.7, which

clearly state the 100,000 Won �ne for violations. Together, these physical measures and
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visual cues enhanced the visibility, enforcement, and social acceptance of the smoke-free

policies. Table C.2 and C.3 present the number of designated smoking ban sites and the

number of �nes issued, respectively.

In 2015, a large tax increase led to an 80% rise in cigarette prices, from 2,500 Won

(USD 2.30) to 4,500 Won (USD 4.10). Several studies researched the e�ect of the tobacco

price policy in 2015 since the increase was huge. Kim and Kim (2017) and Han (2019) es-

timated that the tobacco price increase in 2015 reduced the average smoking rate by 3%.

Lim and Khang (2021) found that low-income Korean smokers were more responsive to

changes in tobacco prices. Jeong Da-hae (2020) found that education level and income

level were signi�cantly higher among non-smokers than smokers in 2018. Cheon et al.

(2021) reports no changes in smoking habits among Korean male cancer survivors. Only

temporary e�ect on the stage of smoking cessation among Korean male smokers (Kwon et

al., 2021).

In 2016, the Korean government mandated the inclusion of pictorial warning labels on

all cigarette packages. In the following two years, smoke-free zones were further expanded

to cover all sports facilities and kindergarten areas. Heated tobacco products, a type of

non-conventional cigarette product14, were introduced in the market in 2017. Figure C.8

displays the quarterly sales trends of conventional tobacco products and heated tobacco

products (Lee, 2020).

A timeline of key tobacco control policies in South Korea is presented in Figure C.9,

highlighting the major legislative and policy milestones between 1995 and 2020. This pa-

per focuses on the period from 1995 to 2015 in order to isolate the e�ect of the smoking

bans introduced in 2011. This window allows su�cient pre- and post-intervention obser-

14Electronic nicotine delivery systems (ENDS), such as e-cigarettes, may also raise concerns. However,
according to data from the Korea National Health and Nutrition Examination Survey (KNHANES), the
prevalence of e-cigarette use among adults increased only modestly from 0.9% in 2013 to 2.6% by 2015
(Sung, 2018). This trend is unlikely to signi�cantly bias our results due to the high rate of dual use of
conventional cigarettes and e-cigarettes during this period (Jeon et al., 2016).
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vations while avoiding confounding in�uences from major policy changes implemented af-

ter 2015. Speci�cally, the large tobacco tax increase in 2015, the mandatory inclusion of

pictorial warning labels in 2016, and the introduction of heated tobacco products in 2017

could each independently a�ect smoking behavior, making it di�cult to attribute changes

in smoking prevalence solely to the 2011 smoking bans. By restricting the analysis period

to 1995�2015, this study aims to provide a cleaner estimate of the impact of indoor and

outdoor smoking bans.

2.3 Empirical Methodology

2.3.1 Data

To empirically analyze the e�ect of the 2011 smoking bans on smoking prevalence, I

use annual country-level panel data covering the period from 1995 to 2015. The sample

is restricted to 28 OECD countries, including South Korea, based on the availability of

smoking prevalence data. These data are compiled from multiple sources, including In-

ternational Smoking Statistics (Forey et al., 2006), the World Bank's World Development

Indicators (WDI), and tobacco use data from the World Health Organization (WHO). For

South Korea, I rely on smoking prevalence data from the Korea National Health and Nu-

trition Examination Survey (KNHANES).

To construct a consistent measure of smoking prevalence, I limit the sample to individ-

uals aged 15 and older who reported smoking manufactured cigarettes in the past month.

However, because not all countries conduct annual surveys on smoking prevalence, the

dataset includes several missing values. I address this by linearly interpolating between

available data points. National indicators such as GDP per capita, age distribution, indus-

try composition, and alcohol consumption per capita are drawn from the WDI dataset.

The analysis period begins in 1995 and runs through 2015. This provides 17 years of

pre-intervention data and 5 years of post-intervention data following the introduction of

comprehensive tobacco control policies in 2011. I choose 2015 as the cuto� year to isolate
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the e�ects of the smoking bans, avoiding potential confounding from the 2015 cigarette

price increase and the 2016 mandate for pictorial warning labels.

From the initial pool of 37 OECD countries (excluding South Korea), I exclude 10

countries due to a lack of consistent smoking prevalence data: Chile, Colombia, Costa

Rica, Latvia, Lithuania, Luxembourg, Mexico, the Slovak Republic, Slovenia, and Turkiye.

The �nal donor pool therefore consists of 27 countries: Australia, Austria, Belgium, Canada,

Czech Republic, Denmark, Estonia, France, Finland, Germany, Greece, Hungary, Iceland,

Ireland, Italy, Japan, Israel, Netherlands, New Zealand, Norway, Poland, Portugal, Spain,

Sweden, Switzerland, the United States, and the United Kingdom. Table C.4 presents the

smoking prevalence data for these countries from 1995 to 2015.

2.3.2 The Synthetic Control Method

The Di�erence-in-Di�erences (DiD) estimator is commonly used in comparative case

studies. It relies on using a unit similar to the treated unit as a control to represent the

counterfactual�i.e., what would have happened to the treated unit in the absence of the

intervention. The treatment e�ect is estimated by comparing changes in the outcome vari-

able before and after the intervention, for both the treated and control units.

A key advantage of the DiD approach is that, by di�erencing over time, it removes the

in�uence of unobserved time-invariant covariates that a�ect the outcome. This relies on

two core assumptions: (1) the e�ect of unobserved covariates is constant over time, and (2)

macroeconomic shocks or other time e�ects are common across both the treated and con-

trol units. These assumptions are collectively known as the parallel trends assumption�in

this context, implying that in the absence of the 2011 smoking bans, South Korea and the

control unit would have followed parallel trends in smoking prevalence.

However, the parallel trends assumption is di�cult to satisfy when policies are imple-

mented nationally and simultaneously, as no single untreated unit closely resembles the

treated one. This is a major limitation of the DiD method in evaluating nationwide pol-
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icy interventions. The DiD estimator will be biased if the treated and control units do not

share a common trend. Figure C.10 compares the trend in smoking prevalence in South

Korea with the average trend across the 27 OECD donor countries. The �gure shows a

lack of evidence to support the parallel trends assumption in the pre-treatment period, in-

dicating that DiD is not suitable in this case.

The Synthetic Control Method (SCM), introduced by Abadie et al. (2010)15, o�ers a

compelling alternative. Rather than relying on a single comparison unit, SCM constructs

a synthetic control unit as a weighted average of multiple untreated units. These weights

are chosen so that the synthetic unit best approximates the treated unit's characteristics

and outcome trajectory in the pre-intervention period. This method ensures that the par-

allel trends assumption holds by construction, even in the absence of a single comparable

control unit.

Let J +1 denote the total number of units, with unit j = 1 corresponding to South Ko-

rea, the treated unit, and j = 2; : : : ; J + 1 denoting the J donor units. Let T0 represent the

last pre-treatment period, andT the total number of time periods. LetYjt be the smoking

prevalence for unitj in year t, and let A jt be an indicator equal to 1 if unit j is exposed to

the treatment at time t, and 0 otherwise.

The observed outcome for South Korea can be expressed as:

Y1t = Y N
1t + � tA1t ;

whereY N
1t is the counterfactual smoking prevalence (in the absence of treatment), and� t is

the treatment e�ect at time t.

15See Abadie (2021) for a formal exposition of the method. For earlier development and empirical appli-
cations, see Abadie and Gardeazabal (2003) and Andersson (2019).
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The synthetic control is de�ned as:

Ŷ N
1t =

J +1X

j =2

wj Yjt ;

wherewj � 0 and
P J +1

j =2 wj = 1. The weightsW = ( w2; : : : ; wJ +1 )0 are chosen to minimize

the Root Mean Squared Prediction Error (RMSPE)between the treated unit and the syn-

thetic control in the pre-treatment period, based on selected predictors and the outcome

variable. Speci�cally, the weights are chosen to minimize:

kX 1 � X 0W k =

 
kX

h=1

vh(X h1 � w2X h2 � � � � � wJ +1 X h;J +1 )2

! 1=2

(2.15)

whereX 1 is the vector of predictor values for the treated unit,X 0 is the matrix of pre-

dictor values for the control units,vh are predictor-speci�c importance weights, andk is

the number of predictors.

The estimated treatment e�ect is then:

�̂ 1t = Y1t � Ŷ N
1t = Y1t �

J +1X

j =2

wj Yjt for t > T 0 (2.16)

Because the method uses a convex combination of donor units with non-negative weights,

it cannot generate a good synthetic control if the treated unit is a strong outlier. However,

this is not a concern in our case, as the trend in smoking prevalence in South Korea is not

an outlier within the dataset (see Figure C.11).

The key predictors used in the construction of the synthetic control are: the log of

GDP per capita, the proportion of the population aged 20�29, the share of employment
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in agriculture, forestry, and �sheries, and alcohol consumption per capita. Most of these

predictors�excluding the industrial composition variable�were also used by Abadie et al.

(2010) in their evaluation of California's tobacco control policy. I include the agricultural

sector's employment share because individuals working in these sectors tend to have higher

smoking rates and are generally less responsive to tobacco control policies. Each of these

four predictors is averaged over the pre-treatment period (1995�2010). In addition, I in-

clude lagged smoking prevalence values for the years 2000, 2006, and 2010 to further im-

prove the pre-treatment �t.

2.4 Results

2.4.1 South Korea versus Synthetic South Korea

If Synthetic South Korea closely tracks the actual smoking rates in South Korea dur-

ing the pre-treatment period and reproduces the values of key predictors, it lends cred-

ibility to the identi�cation assumption that the synthetic control unit approximates the

counterfactual smoking trajectory in the absence of smoking bans.

Figure C.12 shows that prior to treatment, smoking rates in South Korea and its syn-

thetic counterpart align closely, except for the years between 2002 and 2005. During this

period, a rapid decline in smoking rates occurred due to a major price shock, making it

di�cult to achieve a perfect match while maintaining an overall good �t for the pre-treatment

period. Moreover, since tobacco control has been a global public health priority under the

WHO Framework Convention on Tobacco Control (FCTC), it is nearly impossible to �nd

a country that did not implement any tobacco control policies during the post-treatment

period. Therefore, this estimate captures the e�ect of South Korea's speci�c sequence of

tobacco control policies compared to a composite of countries that also adopted some to-

bacco control measures, not a comparison to a complete absence of regulation. While this

may result in a conservative (downward-biased) estimate of the policy e�ect, it re�ects a

more realistic and policy-relevant counterfactual scenario.
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Table C.5 shows the descriptive statistics of South Korea and synthetic South Korea

comparing the values of the key predictors in the pre-treatment period. For all predictors,

except the proportion of the population aged 20-29, South Korea and its synthetic version

have almost identical values. It supports our synthetic control unit reasonably tracks the

real South Korea well, supporting the quality of the synthetic control as a counterfactual.

The weights used to construct Synthetic South Korea are reported in Table C.6. The

smoking trends in South Korea are best approximated by a weighted combination of Aus-

tria, the Czech Republic, Greece, Ireland, Iceland, and Israel. The remaining countries in

the donor pool received zero weight. These positively weighted countries share similar eco-

nomic structures and health trends with South Korea. The fact that the synthetic con-

trol is constructed from multiple countries with similar weights underscores the challenge

of �nding a single suitable comparison country, further justifying the use of the synthetic

control method.

2.4.2 Smoking Prevalence Reductions

The treatment e�ect is estimated as the average di�erence in smoking prevalence be-

tween South Korea and Synthetic South Korea in the post-treatment period, as shown in

Figure C.12. These di�erences are further illustrated in the gap plot (Figure C.13). The

introduction of smoking bans led to a consistent reduction in smoking prevalence over

time: approximately 1.5 percentage points in the �rst year, gradually increasing to about

4 percentage points by the fourth year, despite a slight reversal in the third year. By 2015,

the �nal year in the sample, the observed smoking rate in South Korea was 22.4%�4 per-

centage points lower than the estimated counterfactual level in the absence of the treat-

ment. Given a pre-treatment baseline of 27.1% in 2011, this represents a 15% reduction.

The average treatment e�ect, calculated as the mean di�erence in smoking rates dur-

ing the post-treatment period, is 2.3 percentage points�an 8.5% reduction relative to the

2011 baseline. In absolute terms, this implies that the smoking bans e�ectively prevented
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approximately 1.2 million people from smoking, either by cessation of the current smokers

or preventing the initiation of new smokers.

Levy and Friend (2001) reports that clean air laws can reduce cigarette consumption

by 10�20% and may also shift social norms to discourage initiation in the long term. Al-

though this study does not directly estimate changes in cigarette consumption, the ob-

served 8.5% reduction in smoking prevalence suggests a substantial impact on the exten-

sive margin.

2.4.3 Robustness Check

To examine the robustness of the main �ndings, I estimate alternative speci�cations of

the synthetic control model using di�erent sets of lagged smoking prevalence values prior

to the policy intervention. These lagged variables serve as key predictors and play an im-

portant role in ensuring a good pre-treatment �t between Korea and its synthetic counter-

part.

Figure C.14 displays the results from two alternative speci�cations. Panel (a) presents

a model in which biennial lagged smoking prevalence values�1996, 1998, 2000, 2002, 2004,

2006, 2008, and 2010�are included in the predictor set. Panel (b) instead uses triennial

lagged values�1995, 1998, 2001, 2004, 2007, and 2010. In both models, other predictors

from the baseline speci�cation remain unchanged. Across both panels, the smoking preva-

lence trajectory of synthetic Korea closely matches the observed rates prior to 2011, con-

�rming a strong pre-intervention �t. After the policy implementation, the divergence be-

tween the treated unit (solid line) and its synthetic control (dashed line) remains consis-

tent with the main �ndings, supporting the conclusion that comprehensive smoke-free poli-

cies led to a meaningful reduction in smoking prevalence. These results suggest that the

estimated treatment e�ect is robust to reasonable changes in the speci�cation of lagged

outcome variables.

As an additional robustness check, I estimate the synthetic control model using only
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lagged smoking prevalence values as predictors, without including any covariates such as

GDP per capita, population shares, alcohol consumption, or industry composition. This

speci�cation includes biennial and triennial lags of smoking prevalence only (See Figure

C.15). The resulting pre-treatment �t is slightly less precise than in the main model with

covariates, but the post-treatment gap remains nearly unchanged. This reinforces that the

primary results are not driven by the inclusion of auxiliary covariates and are instead sup-

ported by the smoking prevalence dynamics themselves.

2.4.4 Placebo Tests

To further assess the validity of the results, I conducted both in-time and in-space

placebo tests. For the in-time placebo test (see Figure C.16) the synthetic control method

is applied as if the smoking ban had been implemented in 2004, 2005, 2006, 2007, 2008,

or 2009. For each test year, the predictor set is constructed using data only from 1995 up

to the placebo treatment year. The goal is to verify that these placebo interventions do

not result in a post-treatment divergence in smoking prevalence between Korea and its

synthetic control, except in the actual treatment year, 2011. If substantial placebo e�ects

appear in years prior to 2011, it would cast doubt on the causal interpretation of the di-

vergence shown in Figures C.12 and C.13. Encouragingly, no such divergence is observed

in Figure C.16, supporting the credibility of the 2011 e�ect.

For the in-space placebo test, the treatment is iteratively reassigned to every country

in the donor pool, and synthetic counterparts are constructed using the same methodology.

This approach helps assess whether the estimated e�ect for South Korea is unusually large

compared to placebo e�ects in other countries. It also enables inference via a permutation

test, in which the p-value is calculated as the fraction of countries that display an e�ect

size as large as or larger than that observed for Korea.

Figure C.17 presents the results. Panel A shows that for some countries, the synthetic

control method fails to generate a good pre-treatment �t. To address this, Panel B ex-
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cludes countries with a root mean squared prediction error (RMSPE) greater than 1.25.

The excluded countries are: Australia, Austria, Belgium, Canada, Germany, Denmark,

Spain, Finland, the United Kingdom, Greece, Ireland, Iceland, Italy, Japan, the Nether-

lands, Norway, Poland, Portugal, Sweden, and the United States. This leaves eight coun-

tries in the re�ned donor pool. Among them, South Korea exhibits the largest post-treatment

gap in smoking prevalence. The resultingp-value�calculated as 1 out of 28�is 0.036, sug-

gesting the observed e�ect is statistically signi�cant and unlikely to be driven by chance.

2.4.5 Augmented Synthetic Control Method

Recent developments in the Synthetic Control Method (SCM) literature have intro-

duced extensions that address key limitations of the traditional approach. One notable

advancement is the Augmented Synthetic Control Method (ASCM), proposed by Ben-

Michael, Feller, and Rothstein (2021). While traditional SCM constructs a synthetic con-

trol unit using non-negative weights that minimize the root mean squared prediction error

(RMSPE) in the pre-treatment period, ASCM allows for negative weights by incorporating

ridge regression to estimate the weights. This �exibility permits arbitrary extrapolation,

enabling a better �t in some contexts.

The core distinction between SCM and ASCM is this allowance for negative weights

in constructing the synthetic unit. When the pre-treatment �t is strong, the extrapola-

tion bias introduced by ASCM is minimal, and the resulting estimates tend to align closely

with those of traditional SCM. Figures C.18 presents the ASCM results, which closely re-

semble the �ndings from the original SCM model, further validating the robustness of the

estimates.

2.4.6 Possible Confounder

As discussed earlier, the synthetic control unit does not represent the absence of all to-

bacco control policies; rather, it re�ects the absence of South Korea's 2011 smoking bans.

Countries included in the synthetic control may have implemented their own tobacco con-
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trol measures during the post-treatment period.

To examine whether such policies could bias the results, I review the major tobacco

control initiatives adopted by countries contributing positive weights to the synthetic con-

trol. This analysis helps assess whether the estimated treatment e�ect might be confounded

by concurrent policies in donor countries. Details of this investigation are provided in Ap-

pendix A.

2.4.7 Economic Value of Smoking Bans

In addition to public health bene�ts, the 2011 smoking bans generated substantial eco-

nomic value by preventing smoking-related mortality. Based on the estimated reduction

of 1.2 million smokers between 2011 and 2015, I calculate the aggregate value of life-years

saved using a South Korea-speci�c Value of a Statistical Life (VSL) of USD 1.18 million16

(2015 dollars) as estimated by Jeon (2020). Drawing on standard valuation methods out-

lined in Robinson et al. (2019), I convert the VSL into a Value of a Statistical Life-Year

(VSLY) by dividing by 41.05, which represents half of the average life expectancy in South

Korea in 2015. This yields a VSLY of approximately USD 28,745. Following estimates

from Taylor Jr et al. (2002), each prevented smoker is expected to gain roughly six addi-

tional years of life, implying a total of 7.2 million life-years saved. Multiplying this �gure

by the VSLY results in a total economic bene�t of approximately USD 207 billion. This

back-of-the-envelope estimate underscores the considerable societal return from non-price

tobacco control interventions such as comprehensive smoke-free laws.

2.5 Conclusion

In 2011, the South Korean government implemented a comprehensive set of tobacco

control policies aimed at reducing cigarette consumption and smoking prevalence. These

included both indoor and outdoor smoking bans, marking a signi�cant escalation in the

country's anti-smoking e�orts. This study uses the synthetic control method to estimate

161.3 Billion Won converted to USD using the exchange rate of USD 1 to 1,100 Korean Won.
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the causal e�ect of these smoking bans on national smoking rates. By comparing South

Korea's post-policy smoking prevalence with that of a weighted combination of similar

countries that did not implement comparable policies, I �nd that the 2011 smoking bans

led to an average reduction of 2.3 percentage points in smoking prevalence. Given a base-

line rate of 27.1% in 2011, this corresponds to an 8.5% decline (p< 0.036), equivalent to

roughly 1.2 million fewer smokers�through either cessation or prevention of initiation.

The decline in smoking prevalence translates into an estimated USD 207 billion in eco-

nomic value from added life-years.

The indoor smoking ban prohibited smoking in public transportation, government

buildings, medical facilities, nurseries, schools, large restaurants and bars, and other public

venues. Smoking was allowed only in specially designated rooms that were fully enclosed

and separately ventilated; violators were subject to monetary �nes. These restrictions were

gradually extended: beginning in 2013, the indoor smoking ban was applied to restaurants

and cafes larger than 150 square meters, then to those over 100 square meters in 2014, and

�nally to all establishments by 2015. Prior to these changes, the policy had not signi�-

cantly evolved since 1995, when establishments were merely required to designate separate

smoking and non-smoking areas.

The outdoor smoking bans were another critical element of the 2011 reforms. Enabled

by amendments to the National Health Promotion Act in 2010, local governments were

granted authority to establish smoke-free outdoor zones. These bans were rapidly adopted,

beginning with Seoul and spreading nationwide. Public areas such as bus stops, subway

entrances, parks, and school zones were designated as smoke-free zones, often marked with

visible signage and enforced with �nes. The expansion of smoking restrictions into outdoor

environments not only increased the inconvenience of smoking but also reinforced changing

social norms around tobacco use and second-hand smoke exposure in open spaces.

While several prior studies have documented improvements in indoor air quality (Kim
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et al., 2016) and reductions in second-hand smoke exposure (Park et al., 2020) following

the implementation of comprehensive smoke-free policies, these studies rely on pre-post

designs that may su�er from biases due to unobserved, time-varying national factors. In

contrast, this study is the �rst to apply the synthetic control method to estimate the e�ect

of South Korea's 2011 smoking bans, constructing a credible counterfactual from panel

data covering 28 high-income countries from 1995 to 2015.

The dataset combines information from the International Smoking Statistics (ISS), the

Korea National Health and Nutrition Examination Survey (KNHANES), the World Health

Organization (WHO), and the World Bank's World Development Indicators (WDI).

The results indicate that the smoking bans e�ectively reduced smoking prevalence by

an average of 2.3 percentage points (p < 0:036) compared to the synthetic counterfactual.

This amounts to an 8.5% reduction relative to the 2011 baseline and implies that approx-

imately 1.2 million individuals were deterred from smoking�either through cessation or

prevention�due to the implementation of South Korea's smoking bans. The estimated re-

duction in smoking is associated with an economic gain of roughly USD 207 billion, driven

by increased life expectancy.

These �ndings highlight the e�ectiveness of smoking bans in reducing smoking preva-

lence, even in high-smoking, middle- to high-income countries. The �ndings o�er practical

evidence for policymakers in other countries considering similar reforms. Future research

can explore the heterogeneous impacts of these policies across di�erent population sub-

groups and assess their interaction with emerging tobacco products and tax policies.
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Chapter III: Social Dilemmas with Endogenous Resources …

(Coauthored with Siru Liu, Wen Lu, and Ben Mosier IV)

3.1 Introduction

Is cooperation in social dilemma games conditional on the origin of their shared re-

sources? While researchers have studied many aspects of these games, the in�uence of one

key characteristic remains underexplored: whether resources are created through coopera-

tive behavior (endogenous) or formed independently from human intervention (exogenous).

Scholars have emphasized that �common-pool resources are natural or humanly created

systems� (Ostrom, 1990), yet it remains untested whether this distinction in�uences be-

havior. To investigate the impact of resource endogeneity, we construct a two-stage game

with an initial provision stage, followed by a mixed stage that allows participants to ei-

ther provide or appropriate resources. We also construct two one-stage control treatments

to form a triadic design (Cox, 2004), enabling us to isolate and explore the roles of reci-

procity and trust in producing and sustaining social surplus.

This question has relevance to many real-world contexts where welfare-improving re-

sources can be augmented, sustained, or depleted, and the maximization of personal and

social welfare are at odds. Though many natural resources like forests, bodies of water,

and oil reserves existed long before modern humans, some common-pool resources do re-

quire an act of initial provision. Many such shared resources are also consumed over time,

and allow for individuals to repeatedly choose between extracting or making further con-

tributions to their development. Examples are numerous: one can choose between pol-

luting the atmosphere or purchasing carbon o�sets; managers can decide whether to am-

plify �rm performance or impose costs for individual gain; long-standing institutions like

democracy and the rule of law can be bolstered or diminished. This rich context frames

…Acknowledgements: I gratefully acknowledge �nancial support from the Noah Langdale Jr. Chair and
Experimental Economics Center (ExCEN) at Georgia State University. I also thank James Cox, Vjollca
Sadiraj, and Charles Noussair for their valuable comments and guidance.
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our central question: in social dilemmas where a shared resource was produced via cooper-

ative action, is behavior di�erent than if this resource were exogenously created?

We utilize a laboratory experiment to address this inquiry, highlighting several key

�ndings. First, we demonstrate that subjects have less cooperative behavior when shared

resource balances are endogenously low. Second, we demonstrate that this e�ect is driven

by a shift toward conditionally increasing contribution strategies. Thirdly, we fail to iden-

tify strong evidence for trust or distrust as drivers of behavior in the provision of shared

resources in our game.

The remainder of the paper proceeds as follows. Section 3.2 provides an overview of

the literature relevant to our hypotheses and results. Section 3.3 describes the experimen-

tal design and key hypotheses. We present and discuss results in Section 3.4, followed by

concluding remarks in Section 3.5.

3.2 Related Literature

A social dilemma arises when there is a con�ict between maximizing one's own wel-

fare and the welfare of society, so that individuals' rational decisions result in suboptimal

outcomes for the group. Two canonical frameworks in economics for studying social dilem-

mas are the public goods game (Isaac et al., 1985) and the common-pool resource (CPR)

game (Ostrom et al., 1994). In public goods games, individuals face a dilemma between

contributing to a common resource (i.e., a public good) that bene�ts all group members

or keeping their own resources for personal bene�t. In contrast, in common-pool resource

games, individuals must decide whether to appropriate a shared resource (i.e., a common-

pool resource) for personal gain or to restrain their usage to allow other group members to

bene�t.

The vast body of research on public goods games and common-pool resource (CPR)

games has implicitly focused on the initial stages of public good provision or CPR appro-

priation. Public goods provision models examine how individuals navigate the trade-o�
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between self-interest and collective welfare in the creation of shared goods such as parks,

roads, and community services (Isaac et al., 198517). CPR appropriation models focus on

how individuals choose between immediate personal gain and long-term collective bene�t

in the extraction of existing resources such as forests, �sheries, and oil reserves (Ostrom

et al., 199418).

However, many of these studies simplify the broader narrative by terminating analysis

at the point of provision or initial appropriation. Public goods experiments often assume

that once a good is created, it generates sustained bene�ts without degradation or further

maintenance. Likewise, CPR studies frequently assume that resource stocks are static or

exogenously replenished, and that agents' extraction decisions are una�ected by the re-

source's origin�whether natural or humanly created systems. This simpli�cation overlooks

the ongoing strategic dilemmas and institutional challenges that arise after a public good

is created or a common-pool resource is transformed into a managed system such as deci-

sions over maintenance, reinvestment, monitoring, or adaptive governance. Understanding

these downstream dynamics is crucial for evaluating the long-term e�ciency and sustain-

ability of collective action outcomes.

While prior studies typically treat public goods and common-pool resource problems

as static, one-stage environments with �xed resource endowments, we depart from this ap-

proach by explicitly examining how variation in the origin of shared resources�whether

endogenously generated through group contributions or exogenously assigned�shapes

subsequent strategic behavior. Our framework introduces a two-stage experimental de-

sign that captures both the creation and subsequent use of shared resources. In the �rst

stage, participants engage in a standard public goods provision game to endogenously gen-

17Ledyard et al. (1994) provides an overview of the experimental literature on public goods games till
the mid 1990s. Chaudhuri (2011) surveys subsequent work on sustaining cooperation, focusing on condi-
tional cooperation, punishment, and related mechanisms.

18See also Walker et al., 1990; Ostrom and Walker, 1991; Ostrom et al., 1992; Walker and Gardner,
1992; Walker et al., 2000.
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erate a group account. In the second stage, they face a mixed decision environment where

they can either contribute further to or extract from the shared account, following an ap-

proach similar to Khadjavi and Lange (2015). This dynamic structure enables us to test

how the origin of the shared resource�endogenous vs. exogenous�in�uences subsequent

strategic behavior, and whether individuals condition their actions on the prior behavior

of others. Our approach allows us to investigate not only the presence of trust in initial

contributions, but also the role of reciprocity, conditional cooperation, and other-regarding

preferences in sustaining or depleting collectively produced resources. By integrating these

elements, we contribute to a growing body of literature that seeks to understand the be-

havioral and institutional foundations of long-term cooperation in social dilemmas.

We are not the �rst to incorporate dynamic features into social dilemma games. Sem-

inal theoretical work by Varian (1994) shows that sequential play in public goods games

leads to fewer voluntary contributions. Experimental evidence by Gächter et al. (2010)

supports this prediction, �nding that while �rst movers do not free ride as much as the-

ory predicts, second movers often do��re�ecting a reluctance to reward early contributors

and a willingness to punish perceived opportunism. Much of the dynamic public goods

literature focuses on threshold public goods games, where contributions accumulate to-

ward a discrete provision target. Much of the dynamic public goods literature focuses

on threshold public goods games, where contributions accumulate toward a discrete pro-

vision target. Georgiadis and Tang (2016)19 provides a comprehensive summary of this

class of games, emphasizing how temporal structure and project progress shape incentives

and outcomes. An alternative approach introduces dynamics by sequencing CPR appro-

priation in the �rst stage and voluntary contributions to preserve the CPR in the second

stage (Botelho et al., 2015). Our study di�ers by implementing a two-stage game in which

�rst-stage contributions endogenously generate a shared resource that carries over into the

19See also Georgiadis and Powell (2019).
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second stage. Using the strategy method, we elicit fully simultaneous decisions in both

stages, allowing us to examine how the origin of the resource�endogenous vs. exogenous�

�in�uences subsequent behavior.

There is also a growing literature on public goods games that introduces endogeneity

into the experimental environment. These studies incorporate endogenous elements such

as sequential decision-making (Potters et al., 2005), self-selection into contribution tim-

ing and roles (Nosenzo and Sefton, 2011), endogenous group formation to optimize group

size (Ahn et al., 2009), and the voluntary emergence of institutional authority (Lim and

Zhang, 2020). These designs typically focus on altering the environment of the public

goods game, rather than on the endogenous creation of the public good itself. A closely

related but conceptually distinct approach is taken by Noussair and Soo (2008), who study

dynamic public goods where the return on current contributions depends on the history

of prior group contributions. Their �ndings show that endogenously increasing marginal

returns can sustain high levels of cooperation over time, despite theoretical predictions of

decay. We borrow the terminology of �provision" and �maintenance" games from Gächter

et al. (2022), who experimentally compare cooperation in two structurally equivalent pub-

lic goods games: one where the good must be voluntarily created (provision game), and

another where an existing good must be preserved by limiting withdrawals (maintenance

game). They �nd that maintenance settings elicit fewer conditional cooperators and more

free riders than provision settings, suggesting that how a shared resource is framed,whether

as something to be created or preserved, can signi�cantly in�uence behavior. While their

focus is on framing within static game structures, our study di�ers by introducing a dy-

namic, two-stage design where the shared resource is either endogenously created or exoge-

nously assigned. This allows us to isolate the behavioral e�ects of resource origin rather

than frame alone.

Our paper is most closely related to the work of Katu²£ák and Miklánek (2023) and
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Bardsley and Sausgruber (2005). Further exploring the mechanisms behind conditionally

cooperative behavior observed in public goods games, Bardsley and Sausgruber (2005)

sought to disentangle the relationship between conformity and reciprocity in driving coop-

erative behavior in public goods games. From their results, they estimate that conformity

is responsible for roughly 1/3 of conditionally increasing contributions. Katu²£ák and Mik-

lánek (2023) use additional treatments to decompose conditional behavior into additional

components. They argue payo�-unrelated factors like anchoring and subject confusion ex-

plain 40% of average conditionally cooperative behavior. They attribute remaining con-

ditional preferences primarily to inequality aversion and conformity, identifying minimal

in�uence from reciprocity.

3.3 Experimental Design

3.3.1 Treatment Design

We implement a two-stage social dilemma game to examine how behavior varies with

the origin of shared resources. Speci�cally, we test whether individuals respond di�erently

when a group account is endogenously created through participants' own contributions

or exogenously assigned by the experimenter. Our design combines a classic public goods

provision game with a follow-up mixed game that allows both contribution to and extrac-

tion from the shared resource. This two-stage structure is implemented in one of our treat-

ments (Treatment PM), while additional treatments allow us to isolate speci�c behavioral

mechanisms.

The overall structure follows a triadic design logic (Cox, 2004), where Treatment PM

provides a full two-stage baseline. Treatment M contains the second stage only, isolating

the behavioral e�ects of resource endogeneity, while Treatment P keeps the �rst stage only,

benchmarking baseline contribution behavior. Our primary analytical focus is on the com-

parison between PM and M, which identi�es whether reciprocity is triggered by the en-

dogenous creation of shared resources.
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All treatments in this experiment are based on variants of a linear public goods game

played in groups of four (N = 4). Each subject receives an endowment of tokens in one or

both of two stages, depending on the treatment. Tokens can be kept in an individual ac-

count or contributed to a shared group account. Tokens retained in an individual account

are worth 1 ECU each. Tokens contributed to the group account are multiplied by a fac-

tor of m = 3 and evenly divided among the four group members, yielding a marginal per

capita return (MPCR) of 0.75. We use the strategy method to elicit complete conditional

strategies in the mixed game, allowing us to observe how subjects would respond to all

possible group account values.

Subjects in Treatment PM make two sequential decisions. In Stage 1, each subject

receives 10 tokens (e1 = 10) and chooses how many to contribute to the group account

(gi 2 f 0; 1; : : : ; 10g). Tokens not contributed in Stage 1 are paid out at 1 ECU each and

not accessible in Stage 2. Contributions are retained between stages and tripled at the end

of Stage 2, with the resulting total evenly divided among all group members.

G = m �
NX

i =1

gi

Since tokens contributed to the group account in Stage 1 are carried over to Stage 2, only

the residual tokens retained in the individual account are paid out immediately. Subjects'

Stage 1 earnings are:

� (1)
i = e1 � gi

In Stage 2, subjects receive a new 10-token endowment (e2 = 10) and make a second de-

cision, hi over how many tokens to contribute to or extract from the group account. Sub-

jects can contribute any integer value of tokens from their endowment (0 < h i < 10), or ex-

tract integer-value amounts (hi < 0), bounded below by � G
3N , whereG is the realized group

account value from Stage 1. Each token contributed increases the group account value by
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3 ECU, which is shared equally among the group; Each token extracted reduces the value

of the group account by 3 ECUs per token and increase the subject's individual account

value by 1 ECU per token.

Stage 2 earnings are:

� (2)
i = e2 � hi +

1
N

� m �
NX

i =1

(gi + hi )

wherehi is the subjecti 's Stage 2 token transfer.

Subjects in Treatment P play only Stage 1 as described above. The group account bal-

ance is used to calculate payo�s but is not passed to any second-stage decision. This de-

sign removes any incentive for forward-looking contributions and allows us to interpret

provision behavior in the two-stage environment as re�ecting either trust or strategic an-

ticipation of second-stage outcomes. The decision environment is identical to Stage 1 in

Treatment PM, except that all payo�s are realized immediately. Subjects' earnings in

Treatment P are:

� (1)
i = e1 � gi +

1
N

� m �
NX

i =1

gi

Subjects in Treatment M skip Stage 1 and begin directly with the mixed game. Each

subject is randomly assigned a Stage 1 individual payo� and corresponding group account

contribution from a matched subject in Treatment PM, which de�nes their starting envi-

ronment in the mixed game. They then make conditional decisions using the same inter-

face as in PM. The environment is identical to Stage 2 of PM, but the assigned value ofG

was not generated by the subject's own decisions. This design allows us to isolate the be-

havioral e�ects of resource endogeneity and reciprocity. Because subjects in Treatment M

begin directly with an exogenously assigned group account, any contribution or extraction

behavior re�ects their response to an exogenously provided shared resource.

In both PM and M, subjects submit a full strategy pro�le over hi , conditional on the
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average Stage 1 contributions of their group members (real in PM, assigned in M). This

enables us to observe conditional responses to di�erent levels of group cooperation and

compare behavior across endogenous and exogenous settings. We use the strategy method

(Selten, 1967; Fischbacher et al., 2001) to elicit full conditional strategies in Stage 2. This

allows us to observe how subjects would respond to the full range of possible group ac-

count values, including outcomes that may not arise in equilibrium. Given the structure

of our two-stage game, purely self-interested behavior would predict zero contributions in

Stage 1 and full extraction in Stage 2. If such behavior were widespread, a direct response

design would leave us with limited variation and little insight into o�-path motivations.

The strategy method addresses this concern by requiring a complete response pro�le from

each subject, improving statistical power and allowing us to classify behavioral types even

when �rst-stage contributions are low.

Our decision interface was designed to minimize experimenter demand e�ects and

priming, following recommendations in Cartwright (2016). In terms of Cartwright's three

framing dimensions�externality, choice, and initial allocation�our implementation most

closely follows a positive-give-zero in group exchange in Stage 1: subjects face a positive

externality from contributing to a shared group account, choose how much to allocate from

a �xed individual endowment, and begin with zero tokens in the group account. Subjects

face the same group account but may either contribute further or extract from it, starting

from a nonzero group balance. The interface preserves neutral language throughout.

3.3.2 Hypotheses

Our experimental design allows us to test several key behaviors in social dilemmas

with endogenous resources. We distinguish between self-regarding and other-regarding

preferences, as well as between unconditional and conditional cooperation20. We also ex-

20Self-regarding preferences refer to situations in which individuals derive utility solely from their own
payo�s. In contrast, other-regarding preferences imply that individuals also consider the payo�s of oth-
ers when making decisions. Unconditional cooperation denotes a willingness to cooperate regardless of
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amine trust and both positive and negative reciprocity21 with a triadic design (Cox, 2004).

Using these de�nitions, we formulate two key hypotheses on whether cooperation behavior

is conditional and whether the origin of common pool resources a�ects subjects' contribu-

tion or extraction behaviors.

Is cooperation conditional on starting group account balances?

ˆ H0 : M 0
M = M 1

M = ::: = M 10
M

ˆ H1 : M k
M are not all equal for allk

whereM k
M ; k = 0; :::; 10 is the average contribution/extractionin treatment M if the av-

erage random number drawn by other group members isk. H1 tests whether subjects' be-

havior in Treatment M is conditional on the exogenously assigned group account balances.

By examining how subjects respond to di�erent group account levels when those levels are

externally determined, we can identify whether conditional cooperation exists indepen-

dently of reciprocal motivations.

Do endogenous resources trigger reciprocal behavior?

ˆ H0 : M k
M = M k

P M ; 8k = 0; :::; 10

ˆ H2 : M k
M 6=M k

P M ; 9k = 0; :::; 10

whereM k
P M ; k = 0; :::; 10 : the average contribution/extraction in the mixed game in

treatment PM if the average decision 1 of other group members isk. H2 leverages our

between-subjects triadic design to test whether participants respond di�erently to identi-

cal group account balances depending on their origin. Speci�cally, we interpret cases where

M k
M > M k

P M as less cooperative22 and cases whereM k
M < M k

P M as more cooperative23.

the initial state of the group account, while conditional cooperation means that the decision to cooperate
depends on the initial group balance.

21Positive reciprocity refers to generous responses to generous actions. Negative reciprocity refers to
malevolent responses to malevolent actions.

22subjects extract more when group accounts are endogenously low
23subjects contribute more when group accounts are endogenously high
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3.3.3 Implementation

All sessions were conducted at ExCEN at Georgia State University in Spring 2025,

using the oTree platform for experiment delivery (Chen et al., 2016). Student subjects

were recruited through ExCEN's subject pool. Each subject participated in only one ses-

sion and one treatment, with random assignment of 300 total subjects, evenly distributed

across the three treatments (PM, M, and P). Sessions included 20 to 32 participants and

lasted 60 to 90 minutes.

At the beginning of each session, subjects received printed instructions, which were

also read aloud by the experimenter. Subjects then completed a comprehension quiz and

could not proceed until all questions were answered correctly. All decisions were made pri-

vately on computer terminals.

The experiment was implemented as a one-shot game with no feedback between stages

or across rounds. This implementation complements the use of the strategy method. As

subjects submit complete conditional strategies in Stage 2, we are able to observe responses

across the full range of group outcomes without relying on repeated play. This design

avoids experimental confounds related to learning, belief updating, or strategic adaptation

over time, which are common in multi-round settings.

We also followed a single-blind protocol: subjects were only identi�ed by participant

ID, and all interactions were anonymous. Final earnings were calculated in experimental

currency units (ECU) and converted to U.S. dollars at a �xed rate of $1 per 4 ECUs. Sub-

jects earned approximately $12.29 on average, including a $5 show-up fee. Payments were

made in cash at the end of each session.

Complete experimental instructions are included in the appendix.

3.4 Results

Data summarizing average decisions from each treatment are presented in Figure E.1.

We label stage 1 subject decisions as Decision P. Stage 2 decisions are labeled such that
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M 0 to M 10 represent a subject's complete strategy.M 1 refers to a subject's choice condi-

tional on their group members' contributing one token on average in stage one of Treat-

ment PM, or being exogenously assigned one token in treatment M. We �nd that all stage

1 and 2 decisions are positive on average. Subjects contribute a mean of 4.8 tokens in

Treatment P, consistent with �ndings from many other experiments with linear public

goods games (Zelmer, 2003). In second stage contributions, we see di�erent trends between

Treatment M and PM in Figure E.1. In Treatment PM, contributions increase fromM 0 to

M 4 and then follow a slight downward trend approachingM 10. Alternatively, in Treatment

M, mean token contributions appear to be more uniform.

Strategies and Conditional Contributions

We categorize subjects' strategies based on patterns of stage-two play in Treatments

PM and M. Subjects who always choose non-positive values in stage two are categorized as

Unconditional Free-Riders. If a subject chooses only positive contributions, and the stan-

dard deviation of their contribution decisions is less than 0.5, they are denoted asUncon-

ditional Contributors. We then calculate the Spearman rank correlation coe�cient between

each subject's stage-two contribution decisions and their group members' average stage

one contribution. If correlations are statistically signi�cant (p � 0:05), we categorize these

strategies asConditionally Increasing or Conditionally Decreasing. We also manually cat-

egorize subjects with insigni�cant correlation coe�cients if their choices include one clear

discontinuous transition between high and low contributions, as this strategy is common

but occasionally fails the statistical test. All remaining subjects' strategies are labeled as

Undetermined.24

We identify substantial variation in strategies, shown in Figure E.6. Across the 200

24Each subject's complete strategy and their respective categorization are included in the Appendix. As
a sensitivity check, we also manually categorized 9 subjects as having "hump-shaped" decision strategies
as in Fischbacher et al. (2001). Speci�cally, subject numbers 92, 100, 127, 171, 197, 213, 257, 270, and 288.
Figures E.8 and E.9 show the results of the sensitivity check to be nearly identical.
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subjects in Treatment PM and M, 31% of subjects choose strategies with conditionally in-

creasing contributions, and 22% make conditionally decreasing choices. 14% of subjects

are unconditional free-riders, while 8% are unconditional contributors. The remaining 25%

of subjects have undetermined choice patterns. In Treatment M, 50% of subjects' contri-

butions are either conditionally increasing or decreasing. As reciprocal motives are absent

in Treatment M, this demonstrates that other-regarding preferences are a major driver of

conditional cooperation in social dilemma games.

Result 1: At least 50% of subjects' contribution decisions are conditional on the starting

group account balance, absent of reciprocical motives.

Treatment E�ects: Endogeneity of Shared Resources

We compare play in Treatments M and PM to test whether the endogeneity of group

account balances in�uences behavior. As each subject in Treatment M was exogenously

assigned the stage one allocation of a player from Treatment PM, these subjects face iden-

tical opportunity sets. For each pair of subjects, we �nd the di�erence in their stage two

contributions (i.e. M k
M � M k

P M ; 9k = 0; :::; 10). Figure E.2 displays the di�erences in means

across treatments. Treatment PM subjects contribute signi�cantly fewer tokens when oth-

ers' average contributions are low: 1.4 fewer at 0 tokens (95% CI, 0.5-2.3), 1.4 fewer at 1

token (95% CI, 0.4-2.4), and 1.5 fewer at 2 tokens (95% CI, 0.5-2.6).

Result 2: Subjects are less cooperative when the group account balance is endogenously

low.

Reduced cooperation when endogenous group account balances are low can be ratio-

nalized by models of reference-dependent preferences and social norms. If low contribu-

tions are perceived by subjects as ungenerous or failing to meet a social norm, they may
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choose to cooperate less by reducing their own second-stage contributions. This result is

also consistent with the theoretical prediction in Varian (1994), which shows that total

contributions to a public good are lower in sequential-move settings than in simultaneous-

move games. In our mixed game structure, where participants contribute in two stages,

the second-stage decision resembles a sequential environment in which agents condition

their behavior on prior group contributions. As such, when initial contributions are low,

second-stage contributors may optimally reduce their own contribution, reinforcing the de-

cline in total cooperation.

We also observe that the endogeneity of group account balances alters the share of

strategies chosen by subjects, shown in Figure E.6. Subjects in Treatment PM are 14.0%

(95% CI, 6.7%-21.3%) less likely to be unconditional contributors, relative to Treatment

M. This also aligns with Result 1, as less cooperative behavior may directly shift subjects'

choices from unconditional contributions to conditionally increasing contributions.

Result 3: Subjects are more likely to contribute unconditionally when shared resources are

exogenous.

Treatment E�ects: First Stage Play and Trust

We fail to identify clear evidence of trust or distrust at the aggregate level. Average

contributions in stage one of Treatment PM are not statistically di�erent from those in

Treatment P, with a di�erence in means of 0.5 tokens (p-value = 0.31). As subjects were

only subjected to one treatment condition, we do not observe how subjects in Treatment P

would play in Treatment PM. However, we can take note of di�erences in �rst-stage play

across second-stage strategy types in Treatment PM.

Figure E.4 shows average �rst-stage contributions by strategy type. Subjects with con-

ditionally increasing stage two contributions make the largest average contributions in

stage one, at 5.7 tokens (95% CI, 4.6-6.8). Unconditional free-riders, alternatively, make
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the smallest average stage one contribution, at 2.6 tokens (95% CI, 0.8-4.4). With Bonfer-

roni adjustment for multiple comparisons, this is the only statistically signi�cant between-

group di�erence (p = 0.012). This suggests, perhaps, that subjects anticipate others to

play strategies similar to themselves, and accordingly act with trust or distrust. However,

our experimental design does not allow us to directly test for this. Importantly, we �nd

that strategies exogenously-assigned stage one contributions are not statistically di�erent

across strategy types in Treatment M.

3.5 Concluding Remarks

In this paper, we used experimental evidence to demonstrate that endogeneity in�u-

ences the sustainability of shared resources. Our results identify di�erences in cooperative

play over exogenous and endogenous group accounts. We found less cooperative behav-

ior when group accounts are endogenously low, and this behavior corresponds to a shift in

strategy away from unconditional contribution decisions. While resource endogeneity in-

�uences play in our game's mixed contribution/extraction second stage, we fail to identify

trust or distrust when subjects make �rst-stage provision decisions.

Our study has several limitations worth noting. While the main treatment e�ects point

to reduced cooperation, we cannot rule out the potential moderating in�uence of prefer-

ences for conformity. In our setting, subjects were informed of the round average deci-

sion of their group members, a context where conformity-based motives could plausibly

operate. Prior studies such as Bardsley and Sausgruber (2005) and Katu²£ák and Mik-

lánek (2023) suggest that conformity in�uences cooperative behavior. However, conformity

preferences would predict symmetric responses to observed group behavior: higher contri-

butions when others contribute more and lower contributions when they contribute less.

Contrary to this, we observe that contributions in Treatment PM remain uniformly lower

than in Treatment M, even when the observed group balance is higher, casting doubt on a

purely conformity-driven explanation. Future research may further investigate the underly-
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ing mechanisms that drive such asymmetric responses.

Our �ndings have important implications for future experimental and empirical re-

search related to the maintenance or improvement of public goods. The public's desire to

cooperate in these settings may di�er depending on the origin of the shared resource, and

whether the present value of the resource can be attributed to generosity or a lack thereof.

Future experiments might seek to explore the potential for heterogeneous trusting and dis-

trusting behavior via within-subjects designs, while applied work could evaluate whether

this distinction is observable in real-world settings such as natural resource management or

charitable giving.
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Appendix A: Tables and Figures for Chapter 1

Figure A.1: Production Function for CPRs
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Figure A.2: Individual Appropriation Theoretical Benchmark
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Notes: The �gure illustrates theoretical individual appropriation levels as a function of the
sharing parameter� . The curve represents the predicted individual appropriation under
the symmetric Nash equilibrium. Dashed horizontal lines indicate the Nash equilibrium
level for no sharing baseline (blue, 14) and the social optimum(red, 8).
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Figure A.3: Aggregate Group Appropriation by Treatment
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Notes: The left panel shows aggregate group appropriation by treatment over periods
1�10, and the right panel focuses on periods 4�9. Solid lines represent group appropriation
in each period, while dashed lines indicate the group's Nash equilibrium for each
treatment: 112 for the no-sharing treatment, 96 for the 30% sharing treatment, and 64 for
the 60% sharing treatment. Red triangles correspond to the 60% sharing treatment, green
squares to the 30% sharing treatment, and black circles to the no-sharing treatment.

Figure A.4: Mean Aggregate Group Appropriation by Treatment (Between-Subjects Com-
parison)
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Notes: The left panel shows the mean aggregate group appropriation in the �rst (baseline)
games by treatment. The right panel shows the mean aggregate group appropriation in the
second (treatment) games by treatment. Error bars represent 95% con�dence intervals.
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Figure A.5: Mean Individual Appropriation by Treatment (Between-Subjects Comparison)
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Notes: The left panel shows the mean individual appropriation in the �rst (baseline)
games by treatment. The right panel shows the mean individual appropriation in the
second (treatment) games by treatment. Error bars represent 95% con�dence intervals.

63



Figure A.6: Theory Prediction vs. Mean Individual Appropriation by Treatment
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Notes: The �gure compares mean individual appropriation across treatments with
theoretical benchmarks. Circle represents the no-sharing treatment, triangle represents the
30% sharing treatment, and diamond represents the 60% sharing treatment. The x-axis
shows the level of the sharing parameter� , and the y-axis shows individual appropriation
levels. Dashed lines indicate the symmetric Nash equilibrium for no sharing baseline (blue,
14) and the social optimum (red, 8). Error bars represent 95% con�dence intervals.

64



Figure A.7: Distributions of Individual Earnings by Treatment
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Notes: The �gure shows kernel density estimates of individual earnings across treatments.
Earnings are measured in hundreds of experimental dollars. The black, green, and red
lines represent the no sharing, 30% sharing, and 60% sharing treatments, respectively.
Vertical dashed lines indicate the mean earnings for each treatment.
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Figure A.8: Distributions of Individual Earnings by Treatment Assignment and Sharing
Preferences

(a) Group S0S30: 1st-Stage (Baseline) (b) Group S0S30: 2nd-Stage (Treatment)

(c) Group S0S60: 1st-Stage (Baseline) (d) Group S0S60: 2nd-Stage (Treatment)

Notes: This �gure presents kernel density estimates of individual earnings by stated
sharing preference and treatment assignment. Panels (a) and (c) show earnings
distributions during the �rst-stage (baseline) game, while panels (b) and (d) show
distributions during the second-stage (treatment) game. Panels (a) and (b) represents
distributions of groups assigned to 30% sharing treatments, and panels (c) and (d)
represents distributions of groups assigned to 60% sharing treatments. Black lines
represent participants who preferred no sharing; green lines represent participants who
preferred sharing. Earnings are measured in hundreds of experimental dollars.
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Figure A.9: Treatment E�ects by Gender and Big Five Personality Traits (Between-
Subjects Comparison)
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Notes: Treatment e�ects are based on a between-subjects comparison and are strati�ed by
gender and Big Five personality traits. The left panel displays the e�ect of the 60%
sharing treatment, and the right panel displays the e�ect of the 30% sharing treatment.
Error bars represent 95% con�dence intervals.

Figure A.10: Treatment E�ects by Gender and Big Five Personality Traits (Within-
Subjects Comparison)
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Notes: Treatment e�ects are based on a within-subjects comparison and are strati�ed by
gender and Big Five personality traits. The left panel displays the e�ect of the 60%
sharing treatment, and the right panel displays the e�ect of the 30% sharing treatment.
Error bars represent 95% con�dence intervals.
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Figure A.11: Event Study Model: 60% Sharing Treatment
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Notes: This �gure presents the results of an event study model for the 60% sharing
treatment group. The horizontal axis represents time periods relative to the treatment
onset. Periods -10 to -1 correspond to the �rst-stage (baseline) game under no-sharing,
while periods 0 to 9 correspond to the second-stage (treatment) game under the 60%
sharing arrangement. The vertical axis shows the estimated treatment e�ects with 95%
con�dence intervals. The vertical red line at period 0 indicates the start of the treatment
phase.
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Figure A.12: Event Study Model: 30% Sharing Treatment
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Notes: This �gure presents the results of an event study model for the 30% sharing
treatment group. The horizontal axis represents time periods relative to the treatment
onset. Periods -10 to -1 correspond to the �rst-stage (baseline) game under no-sharing,
while periods 0 to 9 correspond to the second-stage (treatment) game under the 30%
sharing arrangement. The vertical axis shows the estimated treatment e�ects with 95%
con�dence intervals. The vertical red line at period 0 indicates the start of the treatment
phase.

69



Table A.1: Parameters for a Given Decision Round

Notations Parameters

Number of subjects N 8

Individual e�ort endowment e 25

Production function aX � bX2 20X � 0:1171X 2

Activity A return/ unit of output w E$ 5

Nash equilibrium allocation in Activity B 14

Group optimal allocation in Activity B 8

Earnings/ subject at group maximum E$ 185

Earnings/ subject at Nash equilibrium E$ 151

Earnings di�erence: Nash vs Group max (%) 20%

Optimum sharing arrangement � � 0.60
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Table A.2: Experimental Procedures

Part 1 Common-Pool Resource GameS0

Instructions for CPR Game S0

Quiz and Practice

Game S0: 10 Rounds

Part 2 Common-Pool Resource GameS0 or S60 or S30

Instructions for CPR Game S0 or S60 or S30

Quiz and Practice

Game S0 or S60 or S30: 10 Rounds

Payo�: Pay all sequentially.

Post-Survey Demographics, Strategies, Big-Five personality traits

Payo�: $3

Table A.3: Experiment Details

Session Types

No Sharing 30% Sharing 60% Sharing

Number of sessions 2 2 2

Group size 8 8 8

Number of groups 6 6 6

Number of subjects 48 48 48
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Table A.4: OLS Regression of Group Total Appropriation of CPR

Group Total Appropriation

Between Within

(1) (2) (3) (4)

60% Sharing -39.97��� -31.72���

(2.445) (3.815)

30% Sharing -13.65��� -5.183�

(3.362) (2.541)

No Sharing 0.567

(1.436)

Constant 112.9��� 104.7��� 104.5��� 112.3���

(1.582) (1.908) (1.271) (0.718)

Observations 180 120 120 120

Standard errors in parentheses
� p < 0:10, �� p < 0:05, ��� p < 0:01

Notes: The dependent variable is group total appropriation on CPR. �60% Sharing," �30%
Sharing," and �No Sharing" are dummy variables equal to 1 if the subject is in the
corresponding treatment condition, and 0 otherwise. Controls include gender, race, school
year, average GPA, and STEM majors. Column (1) presents between-subjects estimates
by comparing group total appropriation during the second phase of the experiment across
treatment sessions. Columns (2), (3), and (4) report within-subjects estimates, comparing
the change in group total appropriation between the �rst (baseline) and second
(treatment) phases within the same session.

72



Table A.5: OLS Regression of Individual Appropriation of CPR

Individual Appropriation

Between Within

(1) (2) (3) (4)

60% Sharing -4.996��� -3.965���

(0.980) (0.990)

30% Sharing -1.706� -0.648

(0.912) (0.690)

No Sharing 0.0708

(0.400)

Constant 14.11��� 13.08��� 13.06��� 14.04���

(0.643) (0.495) (0.345) (0.200)

Fixed E�ects X X X

Observations 1440 960 960 960

Standard errors in parentheses
� p < 0:10, �� p < 0:05, ��� p < 0:01

Notes: The dependent variable is individual appropriation on CPR. �60% Sharing," �30%
Sharing," and �No Sharing" are dummy variables equal to 1 if the subject is in the
corresponding treatment condition, and 0 otherwise. Controls include gender, race, school
year, average GPA, and STEM majors. Column (1) presents between-subjects estimates
by comparing individual appropriation during the second phase of the experiment across
treatment sessions. Columns (2), (3), and (4) report within-subjects estimates, comparing
the change in individual appropriation between the �rst (baseline) and second (treatment)
phases within the same session. All within-subjects speci�cations include individual �xed
e�ects.

73



Table A.6: DID Estimates of Individual Appropriation of CPR

Individual Appropriation

(1) (2) (3) (4) (5) (6)

60% Sharing -4.628��� -4.607��� -3.965���

(0.854) (0.907) (0.985)

30% Sharing -1.330� -1.178� -0.648

(0.731) (0.650) (0.686)

Constant 13.75��� 13.74��� 16.81��� 18.68��� 13.58��� 13.57���

(0.476) (0.445) (2.754) (2.279) (0.246) (0.171)

Controls X X

Fixed E�ects X X

Observations 1920 1920 1920 1920 1920 1920

Standard errors in parentheses
� p < 0:10, �� p < 0:05, ��� p < 0:01

Notes: The dependent variable is individual appropriation on CPR. �60% Sharing," and
�30% Sharing" are dummy variables equal to 1 if the subject is assigned to the
corresponding treatment, and 0 otherwise. The comparison group is the �No Sharing�
group (S0S0). Controls include gender, race, school year, average GPA, and STEM majors.
Columns (1) and (2) present Di�erences-in-Di�erences (DiD) estimates without controls
and without individual �xed e�ects. Columns (3) and (4) include controls, while columns
(5) and (6) include individual �xed e�ects.
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Table A.7: OLS Regression of Individual Earnings over 10 Periods

Individual Earnings over 10 Periods

Between Within

(1) (2) (3) (4) (5)

60% Sharing 338.4��� 321.6��� 262.6���

(15.09) (17.74) (25.44)

30% Sharing 168.8��� 164.6��� 70.18���

(19.35) (21.26) (23.71)

No Sharing -4.683

(13.64)

Constant 1467.9��� 1373.7��� 1543.7��� 1566.6��� 1472.6���

(14.156) (60.958) (12.718) (11.855) (6.819)

Controls X

Fixed E�ects X X X

Observations 144 144 96 96 96

Standard errors in parentheses
� p < 0:10, �� p < 0:05, ��� p < 0:01

Notes: The dependent variable is total individual earnings over 10 periods. �60% Sharing,"
�30% Sharing," and �No Sharing" are dummy variables equal to 1 if the subject is in the
corresponding treatment condition, and 0 otherwise. Controls include gender, race, school
year, average GPA, and STEM majors. Column (1) presents between-subjects estimates
by comparing total individual earnings during the second phase of the experiment across
treatment sessions. Columns (2), (3), and (4) report within-subjects estimates, comparing
the change in total individual earnings between the �rst (baseline) and second (treatment)
phases within the same session. All within-subjects speci�cations include individual �xed
e�ects.
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Table A.8: OLS Regression of Mean Individual Earnings per Period

Individual Earnings for Periods

Between Within

(1) (2) (3) (4) (5)

60% Sharing 33.84��� 32.16��� 23.96���

(2.260) (2.471) (2.778)

30% Sharing 16.88��� 16.46��� 7.018���

(3.954) (4.009) (2.360)

No Sharing -0.468

(1.357)

Constant 146.8��� 137.4��� 156.7��� 156.7��� 147.3���

(2.098) (5.009) (1.389) (1.180) (0.679)

Controls X

Fixed E�ects X X X

Observations 1440 1440 960 960 960

Standard errors in parentheses
� p < 0:10, �� p < 0:05, ��� p < 0:01

Notes: The dependent variable is individual earnings per period. �60% Sharing," �30%
Sharing," and �No Sharing" are dummy variables equal to 1 if the subject is in the
corresponding treatment condition, and 0 otherwise. Controls include gender, race, school
year, average GPA, and STEM majors. Column (1) presents between-subjects estimates
by comparing individual earning per period during the second phase of the experiment
across treatment sessions. Columns (2), (3), and (4) report within-subjects estimates,
comparing the change in individual earning per period between the �rst (baseline) and
second (treatment) phases within the same session. All within-subjects speci�cations
include individual �xed e�ects.
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Table A.9: Distribution of Individual Preferences by Treatment Assignment

Prefer No Sharing Prefer Sharing Total

Treatment Assignment

Group S0S30 22 (46%) 26 (54%) 48

Group S0S60 14 (29%) 34 (71%) 48

Total Subjects 36 (38%) 60 (63%) 96

Notes: This table reports the distribution of individual preferences for sharing by
treatment assignments. Percentages are shown in parentheses.
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Appendix B: Subject Instructions and Decision Screens for Chapter 1

B.1 Subject Instructions

General Information

Welcome

No Talking Allowed

Now that the experiment has begun, we ask that you do not communicate with other par-

ticipants. If you have any questions after we �nish reading the instructions, please raise

your hand and the experimenter will answer your question in private.

Complete Privacy

This experiment is structured so that no one, including the experimenters, the monitor,

and the other subjects will ever know the personal decision of anyone in the experiment.

Every person's privacy is guaranteed because neither his/her name nor student ID number

will appear on any form that records decisions in this experiment.

Random Matching and Anonymity

In this experiment, you will be randomly assigned to a group of 8 people. The group you

are assigned to will stay the same throughout each part. The group will be reassigned ran-

domly at the beginning of Part 2.

Two Parts: 10 Rounds Each

In this experiment, there will be two parts, each consisting of ten rounds. Your �nal earn-

ings will be the sum of the earnings from both parts.

Cash Payo�s

Your earnings in this experiment are expressed in EXPERIMENTAL Dollars (E$), which

we will refer to as E$. At the conclusion of the experiment you will be paid in U.S. dollars

using a conversion rate of $1 for every E$ 200 of earnings from the experiment.

E$ 200 = $1
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If you read the instructions carefully and act wisely, you can earn a considerable amount

of money. Your earnings in this experiment depend both on your decisions and the deci-

sions of others.

If you have any questions, please raise your hand and wait for the experimenter to come

and help you.

Part 1: S0-Baseline

Settings

You will be playing an e�ort allocation game in a group of 8 people. In each round,

you will decide how to allocate e�orts between two di�erent activities. Each round, you

are endowed with25 e�orts and must decide how many to allocate toActivity F and

Activity G .

- Activity F : For each e�ort allocated to Activity F, you will receive a �xed return

of E$5 .

- Activity G : The return on e�orts allocated to Activity G is variable and depends

on the total e�orts allocated by the entire group, including yours .

The return for each e�ort allocated to Activity G is:

20� 0:1171� (group's total e�ort allocated to Activity G ) E$ per e�ort

Note that the return from Activity G decreases as the total e�orts allocated to Activ-

ity G by the group increases.

Your earnings for each round will depend on bothyour own decisions and the decisions

of others in your group .

Multiple Rounds

The part 1 consists of10 decision rounds . In each round, you will face the same deci-

sion task, where you will allocate e�orts between Activity F and Activity G.
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Earnings

After everyone has submitted, the earnings of the round will be calculated and shown to

you. For each round, your earnings are:

- Earnings fromActivity F

- Earnings fromActivity G

Your �nal earnings will be the sum of every round's earnings.

Example Calculations

Situation 1:

In round 1, assume the group's total allocation to Activity G is80 e�orts . The return for

each e�ort allocated to Activity G will be:

20� 0:1171� 80 = 10:632E$ per e�ort

If you allocate 10 e�orts to Activity G, your earnings from Activity G will be:

10� 10:632 = E$ 106:32

For your remaining 15 e�orts allocated to Activity F, your earnings from Activity F

will be:

15� 5 = E$ 75

Thus, your total earnings for this round will be:

106:32 + 75 = E$ 181:32

Situation 2:
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In round 2, assume the group's total allocation to Activity G is150 e�orts . The return

for each e�ort allocated to Activity G will be:

20� 0:1171� 150 = 2:435E$ per e�ort

If you allocate 10 e�orts to Activity G, your earnings from Activity G will be:

10� 2:435 = E$ 24:35

For your remaining 15 e�orts allocated to Activity F, your earnings from Activity F

will be:

15� 5 = E$ 75

Thus, your total earnings for this round will be:

24:35 + 75 = E$ 99:35

After everyone has submitted, the earnings of the round will be calculated and shown

to you.

Rules

- The game consists of10 rounds .

- You will be given 25 e�orts in every round and submit how much to allocate in

Activity G.

- The return on Activity G is decided by the group's total allocation in Activity G.

20� 0:1171� (group's total e�ort allocated to Activity G ) E$ per e�ort
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- The return on Activity A is E$ 5 per e�ort.

- Your earnings for the round is:

� Earnings fromActivity F

� Earnings fromActivity G

- After everyone submitted, you will see your earnings.

Part 2: S60-60% Partial-Output Sharing

Settings

You will be playing an e�ort allocation game in a group of 8 people. In each round,

you will decide how to allocate e�orts between two di�erent activities.

But the following is new in this game:

Sharing Rule

Now you aresharing 60% of returns from Activity G with the group members. You

will only keep 40% of returns from Activity G. This means that you will alsoreceive an

equal amount from the group's share . You will not be sharing the returns from

Activity F .

Each round, you are endowed with25 e�orts and must decide how many to allocate to

Activity F and Activity G .

- Activity F : For each e�ort allocated to Activity A, you will receive a �xed return

of E$ 5 . You will not be sharing the returns from Activity F with anyone.

- Activity G : The return on e�orts allocated to Activity G is variable and depends

on the total e�orts allocated by the entire group, including yours . In this

game, you aresharing 60% of the returns from Activity G with the group

members.
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The return for each e�ort allocated to Activity G is 40% of the following:

20� 0:1171� (group's total e�ort allocated to Activity G ) E$ per e�ort

Note that the return from Activity G decreases as the total e�orts allocated to Activ-

ity G by the group increases.

Your earnings for each round will depend on bothyour own decisions and the decisions

of others in your group , as well asthe sharing rule for Activity G .

Multiple Rounds

The part 2 consists of10 decision rounds . In each round, you will face the same deci-

sion task, where you will allocate e�orts between Activity F and Activity G.

Earnings

After everyone has submitted, the earnings of the round will be calculated and shown to

you. For each round, your earnings are:

- Earnings fromActivity F

- 40% of the Earnings fromActivity G

- Earnings from thegroup's sharing

Your �nal earnings will be the sum of every round's earnings.

Example Calculations

Situation 1:

In round 1, assume the group's total allocation to Activity G is80 e�orts . The return for

each e�ort allocated to Activity G will be:

20� 0:1171� 80 = 10:632E$ per e�ort
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If you allocate 10 e�orts to Activity G, your earnings from Activity G will be:

10� 10:632 = E$ 106:32

Since you only keep40% of your returns, your personal earnings from Activity G will

be:

10:632� 0:4 = 42:528� E$ 42:53

For your remaining 15 e�orts allocated to Activity F, your earnings from Activity F

will be:

15� 5 = E$ 75

You will also receive1/8 of the group's 60% share of Activity G returns, which is:

(10:632� 80) � 0:6 � 8 = 63:792� E$ 63:79

Thus, your total earnings for this round will be:

42:53 + 75 + 63:79 = E$ 181:32

Situation 2:

In round 2, assume the group's total allocation to Activity G is150 e�orts . The return

for each e�ort allocated to Activity G will be:

20� 0:1171� 150 = 2:435E$ per e�ort

If you allocate 10 e�orts to Activity G, your earnings from Activity G will be:

10� 2:435 = E$ 24:35
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Since you only keep40% of your returns, your personal earnings from Activity G will

be:

24:35� 0:4 = E$ 9:74

For your remaining 15 e�orts allocated to Activity F, your earnings from Activity F

will be:

15� 5 = E$ 75

You will also receive1/8 of the group's 60% share of Activity G returns, which is:

(2:435� 150)� 0:6 � 8 = 27:393� E$ 27:39

Thus, your total earnings for this round will be:

9:74 + 75 + 27:39 = E$ 112:13

After everyone has submitted, the earnings of the round will be calculated and shown

to you.

Rules

- The game consists of10 rounds .

- You will be given 25 e�orts in every round and submit how much to allocate in

Activity G.

- The return on Activity G is decided by the group's total allocation in Activity G.

20� 0:1171� (group's total e�ort allocated to Activity G ) E$ per e�ort

- The return on Activity A is E$ 5 per e�ort.
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- You must share 60% of your returns from Activity G with group members .

- The shared return will bedistributed equally to group members .

- Your earnings for the round is:

� Earnings fromActivity F

� 40% of the Earnings fromActivity G

� Earnings from thegroup's sharing

- After everyone submitted, you will see your earnings.

Part 2: S30-30% Partial-Output Sharing

Settings

You will be playing an e�ort allocation game in a group of 8 people. In each round,

you will decide how to allocate e�orts between two di�erent activities.

But the following is new in this game:

Sharing Rule

Now you aresharing 30% of returns from Activity G with the group members. You

will only keep 70% of returns from Activity G. This means that you will alsoreceive an

equal amount from the group's share . You will not be sharing the returns from

Activity F .

Each round, you are endowed with25 e�orts and must decide how many to allocate to

Activity F and Activity G .

- Activity F : For each e�ort allocated to Activity F, you will receive a �xed return

of E$ 5 . You will not be sharing the returns from Activity F with anyone.

- Activity G : The return on e�orts allocated to Activity G is variable and depends

on the total e�orts allocated by the entire group, including yours . In this
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game, you aresharing 30% of the returns from Activity G with the group

members.

The return for each e�ort allocated to Activity G is 70% of the following:

20� 0:1171� (group's total e�ort allocated to Activity G ) E$ per e�ort

Note that the return from Activity G decreases as the total e�orts allocated to Activ-

ity G by the group increases.

Your earnings for each round will depend on bothyour own decisions and the decisions

of others in your group , as well asthe sharing rule for Activity G .

Multiple Rounds

The Part 2 consists of10 decision rounds . In each round, you will face the same deci-

sion task, where you will allocate e�orts between Activity F and Activity G.

Earnings

After everyone has submitted, the earnings of the round will be calculated and shown to

you. For each round, your earnings are:

- Earnings fromActivity F

- 70% of the Earnings fromActivity G

- Earnings from thegroup's sharing

Your �nal earnings will be the sum of every round's earnings.

Example Calculations

Situation 1:

In round 1, assume the group's total allocation to Activity G is80 e�orts . The return for
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each e�ort allocated to Activity G will be:

20� 0:1171� 80 = 10:632E$ per e�ort

If you allocate 10 e�orts to Activity G, your earnings from Activity G will be:

10� 10:632 = E$ 106:32

Since you only keep70% of your returns, your personal earnings from Activity G will

be:

106:32� 0:7 = E$ 74:42

For your remaining 15 e�orts allocated to Activity F, your earnings from Activity F

will be:

15� 5 = E$ 75

You will also receive1/8 of the group's 60% share of Activity G returns, which is:

(10:632� 80) � 0:3 � 8 = 31:89 � E$ 31:9

Thus, your total earnings for this round will be:

74:42 + 75 + 31:9 = E$ 181:32

Situation 2:

In round 2, assume the group's total allocation to Activity G is150 e�orts . The return

for each e�ort allocated to Activity G will be:

20� 0:1171� 150 = 2:435E$ per e�ort
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If you allocate 10 e�orts to Activity G, your earnings from Activity G will be:

10� 2:435 = E$ 24:35

Since you only keep70% of your returns, your personal earnings from Activity G will

be:

24:35� 0:7 = 17:045� E$ 17:05

For your remaining 15 e�orts allocated to Activity F, your earnings from Activity F

will be:

15� 5 = E$ 75

You will also receive1/8 of the group's 60% share of Activity G returns, which is:

(2:435� 150)� 0:3 � 8 = 13:696� E$ 13:70

Thus, your total earnings for this round will be:

17:05 + 75 + 13:70 = E$ 105:75

After everyone has submitted, the earnings of the round will be calculated and shown

to you.

Rules

- The game consists of10 rounds .

- You will be given 25 e�orts in every round and submit how much to allocate in

Activity G.
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- The return on Activity G is decided by the group's total allocation in Activity G.

20� 0:1171� (group's total e�ort allocated to Activity G ) E$ per e�ort

- The return on Activity F is E$ 5 per e�ort.

- You must share 30% of your returns from Activity G with group members .

- The shared return will bedistributed equally to group members .

- Your earnings for the round is:

� Earnings fromActivity F

� 70% of the Earnings fromActivity G

� Earnings from thegroup's sharing

- After everyone submitted, you will see your earnings.

90



B.2 Decision Screens

Figure B.1: Decision page forS0-Baseline
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Figure B.2: Decision page forS60-60% Partial Sharing
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Figure B.3: Decision page forS30-30% Partial Sharing
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Appendix C: Tables and Figures for Chapter 2

Figure C.1: Average Smoking Rates in South Korea from 1995 to 2015

Notes: The data is based on the Korea National Health and Nutrition Examination Survey
(KNHANES), a survey question of `Are you currently smoking?' to indicates whether an
individual has been smoking in the past 30 days. The prevalence represents the share of
the general population aged 19 years or older who reported to currently smoking.
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Figure C.2: OECD Countries Average Smoking Rates in 2017

Notes: The smoking prevalence among male population is highest in Indonesia, followed by
Russia, China, Turkiye, Latvia, Lithuania, and Korea. Source: OECD Health Statistics.

Figure C.3: Example of Picture Warning Labels

Notes: The pictures above are three examples out of twelve pictorial warning labels.
Consumers receive random pictorial warning labels out of twelve samples. Pictures are
renewed every two years to prevent consumers from adaptation to existing warning labels.
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Figure C.4: Illustration: Partial vs Comprehensive Smoke-free Law
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Figure C.5: Examples of Indoor Smoking Booths

Figure C.6: Examples of Outdoor Smoking Booths
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Figure C.7: No Smoking Sign with Fine Notice
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Figure C.8: Quaterly Sales Trend of Conventional Cigarette and Heated Tobacco Products

Notes: Data taken from Lee (2020).
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Figure C.9: Timeline of Tobacco Control Policies in South Korea, 1995-2020

Notes: Policy data drawn from Cho (2014).
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Figure C.10: Path Plot of Smoking Prevalence During 1995-2015: South Korea Versus
OECD Average of the 27 Donor Countries

Notes: 27 donor countries include Australia, Austria, Belgium, Canada, Czech Republic,
Denmark, Estonia, France, Finland, Germany, Greece, Hungary, Iceland, Ireland, Italy,
Japan, Israel, Netherlands, New Zealand, Norway, Poland, Portugal, Spain, Sweden,
Switzerland, the United States, and the United Kingdom.
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Figure C.11: Smoking Rates Trend by Country

Notes: The solid line represents smoking prevalence for South Korea. The grey lines
represent smoking prevalence in each country in the donor pool.
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Figure C.12: Path Plot of Smoking Rates During 1995-2015: South Korea vs Synthetic
South Korea

Notes: This �gure shows the path plot of smoking prevalence between 1995 and 2015. The
solid line represents the smoking rates in South Korea based on the survey data of
KNHANES. The dotted line represents the smoking rates in synthetic South Korea that
had not implemented the comprehensive smoke-free policies in 2011.
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Figure C.13: Gap in Smoking Rates Between South Korea and Synthetic South Korea
During 1995-2015

Notes: This �gure shows the smoking prevalence gap between actual South Korea and
synthetic South Korea between 1995 and 2015. We can estimate the average treatment
e�ect by calculating the average reduction in smoking prevalence during 2011-2015. The
average treatment e�ect is -2.3117.
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Figure C.14: Lag-Speci�cation Robustness

(a) Biennial Lagged Model

(b) Triennial Lagged Model

Notes: These �gures present the path plot of smoking prevalence between 1995 and 2015.
In each panel, the solid line plots the observed smoking rates from the KNHANES survey,
while the dotted line represents the smoking rates in synthetic South Korea that had not
implemented the comprehensive smoke-free policies in 2011. To assess the robustness of
the main model, Panel (a) adds biennial lagged values of the smoking prevalence prior to
the treatment�1996, 1998, 2000, 2002, 2004, 2006, 2008, and 2010�whereas Panel (b)
adds triennial lagged values of the smoking prevalence prior to the treatment�1995, 1998,
2001, 2004, 2007, and 2010�on top of the predictors used in the main model.
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Figure C.15: Lag-Speci�cation without Covariates

(a) Biennial Lagged Model without Covariates

(b) Triennial Lagged Model without Covariates

Notes: These �gures present the path plot of smoking prevalence between 1995 and 2015.
In each panel, the solid line plots the observed smoking rates from the KNHANES survey,
while the dotted line represents the smoking rates in synthetic South Korea that had not
implemented the comprehensive smoke-free policies in 2011. To assess the robustness of
the main model both model estimates without any covariates, Panel (a) adds biennial
lagged values of the smoking prevalence prior to the treatment�1996, 1998, 2000, 2002,
2004, 2006, 2008, and 2010�whereas Panel (b) adds triennial lagged values of the smoking
prevalence prior to the treatment�1995, 1998, 2001, 2004, 2007, and 2010.
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Figure C.16: The Placebo Treatment in Time: 2004, 2005, 2006, 2007, 2008, 2009

(a) The Placebo Treatment in 2004 (b) The Placebo Treatment in 2005

(c) The Placebo Treatment in 2006 (d) The Placebo Treatment in 2007

(e) The Placebo Treatment in 2008 (f) The Placebo Treatment in 2009

Notes: These �gures show in-time placebo. Figure (a) shows the path plot of smoking
prevalence between real Korea and synthetic Korea when the placebo policy is introduced
in 2004, seven years prior to actual policy changes. Figure (b) shows when the placebo
policy is introduced in 2005, Figure (c) in 2006, Figure (d) in 2007, Figure (e) in 2008, and
Figure (f) in 2009.
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Figure C.17: In-space Placebo Test: Smoking Rates Gap in South Korea and Placebo
Gaps for the Control Countries

Notes: Both �gures show in-space placebo tests, the treatment is iteratively reassigned to
every country in the donor pool using a synthetic control method to construct synthetic
counterparts. The left �gure indicates that for some countries in the donor pool, the
synthetic control method is unable to �nd a convex combination of countries that will
replicate the path of smoking rates in the pre-treatment period. In the right �gure, all the
countries with a pretreatment MSPE (mean squared prediction error) larger than 1.25 are
excluded. The gap in smoking rates for South Korea in the post-treatment period is the
largest of all remaining countries.
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Figure C.18: Result Using Augmented Synthetic Control Method

Notes: Left panel shows the path plot of smoking prevalence between 1995 and 2015 using
the augmented synthetic control method. The black line represents the smoking rates in
South Korea based on the survey data of KNHANES. The blue line represents the
smoking rates in synthetic South Korea that had not implemented the comprehensive
smoke-free policies in 2011. The right panel shows the smoking prevalence gap between
actual South Korea and synthetic South Korea between 1995 and 2015 using the
augmented synthetic control method. We can estimate the average treatment e�ect by
calculating the average reduction in smoking prevalence during 2011-2015. The average
treatment e�ect is -2.2601.
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Table C.1: Cigarette Tax and Price Changes in South Korea

Year 1991 1994.1 1996 1997 1999 2001 2002 2002 2005 2015

Cigarette Tax (Won) 360 480 648 650 750 889 1065 1111 1565 3318

Cigarette Price (Won) 600 900 1000 1100 1100 1300 1500 2000 2500 4500

Source: Park (2016)

Table C.2: Expansion of Smoke-free Area

Year 2012 2013 2014 2015 2016 2017 2018

Number of
Smoking-free Sites 398,545 664,992 688,321 1,278,343 1,334,473 1,452,540 1,527,987

Source: Kim (2019)

Table C.3: Number of Enforcement

Year 2012 2013 2014 2015 2018

Number of �nes enforced
Nationwide - 27,533 - 57,708 61,830
Seoul 11,387 25,653 38,045 40,229 -

Source: Seoul Open Data Plaza, Ministry of Health and Welfare of South Korea
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Table C.4: Smoking Prevalence by Country: All

Year

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

AUS 25.6 25.8 26 26.4 23 24.3 24.3 23 21.8 20.6 21.1 20.4 19.7 18.9 18.5 18.2 17.5 16.9 16.3 16 15.7

AUT 35.3 33.5 32.2 31.7 31.8 32.1 31.6 31 31.3 30.3 29.4 28.8 29.3 29.7 30 30.1 29.5 29.5 29.2 28.4 27.1

BEL 36.3 33.8 30.1 30 30.6 29.7 28.9 30.7 29.4 27.2 27.8 25.9 26 25.7 26 26.2 25.8 25.9 26.2 25.9 25.7

CAN 27.5 26 25.8 26 25.2 24.4 21.7 21.4 20.9 19.6 18.7 18.6 19.2 17.9 17.5 16.7 17.3 16.1 16 15.9 15.8

CZE 36.6 36.3 36 35.5 35 34.2 33 31.9 31.7 31.5 31.4 28.8 27.4 26.7 26.5 26.4 27 29.2 29.5 29.7 29.9

DNK 42.6 37.5 35 35.7 36.1 34.2 33.8 31 30 26.6 28.1 27.7 28 27 26 24.9 23.9 23.1 22.2 21.6 21.1

EE 37.5 38.1 38.8 38.2 37.2 36.9 36.8 35.4 35 34.6 33.8 33.6 34.4 35.4 36.1 37.2 36.5 35.5 34.7 33.8 33.3

FRA 36.4 35.3 35 33.9 33.8 34.2 36 33.6 34.4 33.7 32.8 32.8 32.9 33 33.2 33.4 33.3 33.4 33.4 33.4 33.2

FIN 28.9 28 28.9 28.7 28.6 29.7 29.1 29.3 28 27.3 26.3 24.7 25.7 24.2 23 22.6 22.5 22 21.7 21.9 21.5

DEU 38.5 36.8 35.7 34.1 33.1 32.7 32 32.5 32.2 31 30.9 30.9 29.5 28.4 28 27.2 25.8 25.6 25.3 26.4 24.9

GRC 44.6 44.2 44.3 44.7 45.3 44.1 43 41.9 41.3 40.9 40.7 39.3 39.5 40.1 40.1 38.3 38.8 39.6 39 38.6 37.9

HUN 35.6 35.9 36.3 35.6 35.4 33.6 33.9 33.9 32.8 29.8 30.7 32.8 31.8 33.8 31.4 33.3 34.1 33.8 33.2 32.9 33.2

ISL 32.3 31 30.8 31.3 30.4 27.5 26.1 25.4 25.4 24 22.6 22.2 22.6 20.9 18.8 18.1 18.5 17 16.2 15.8 14.7

IRL 31.9 32.1 32.4 32.4 32.2 31 31.2 34.4 28.4 28.5 28.9 28.8 28 27.4 27.3 27.1 26.5 25.8 24.8 24.5 23.8

ITA 31.9 26.6 26.4 25 24.9 25.1 24.1 24.1 24.3 23.8 22.4 23.1 22.6 22.6 22.9 24.5 24.1 23.8 23.9 23.8 23.8

JPN 33.4 33.9 33.6 32.3 32 30.6 29 28.1 29.2 28.3 26.8 25.7 25.7 23.5 24 21.8 20.8 20.7 20.1 19.8 19.6

ISR 36.3 35.4 34.7 33.9 32.8 31.7 31.2 30.7 29.8 29.3 28.6 28.2 27.7 27.2 26.6 26 25.8 25.2 24.4 23.8 23.4

KOR 36.4 35.9 35.5 35.1 34.7 35 33.8 32.5 29.6 30.4 28.8 28.2 28 27.8 27.3 27.5 27.1 25.8 24.1 24.2 22.4

NDL 37.8 35.8 35.5 34.5 33.3 32.8 30.6 30.7 29.9 27.9 28.3 27.9 27.2 26.4 27 26 24.8 25.1 24.7 24.3 23.9

NZL 26.4 26.1 26.6 25 25.3 25 24.7 24.4 24.2 23.1 23.6 21 20 20.1 19.8 20.1 19.8 19.1 18.1 17.4 16.5

NOR 42.2 42.2 41.6 41 40.2 39.9 38.4 37.3 36.1 34.4 33.3 31.7 29.5 28.5 28.1 27.7 26.4 25.1 23.7 22.1 20.7

POL 36.9 37.3 35.6 34.3 32.5 32.5 32.4 33.7 33.2 30.1 31.5 33.4 31 29.9 28.1 26.4 29 30.9 29.4 28.3 27.2

PRT 25.4 24.5 23.5 22.9 23 22 21.9 21.7 21.4 21.3 21.3 20.8 22.7 22.3 21.2 20 21.3 21.9 21.6 21.6 22

ESP 38.8 37.2 37.2 35.9 36.4 35.7 34.8 34.4 33.9 34.1 33.2 32.4 32.8 32 30.1 31.9 31.5 30.9 30.7 30.3 29.7

SWE 45.2 44.9 44.5 43.7 43.6 43.6 42.3 41.1 39.8 38.7 37.6 36.7 35.8 34.7 33.3 32.3 31.8 30.7 30.2 28.9 27.9

CHE 32.1 32.7 33.2 32.3 31. 5 30.2 29.7 29.5 28.7 27.8 27.3 26.3 26.2 26.4 26.7 26.9 26.7 26.4 26.3 26.1 25.9

USA 28.9 28.9 29.7 27.8 26.1 26.1 26.1 27.3 26.8 26.4 26.4 25.9 25.4 25.1 24.8 24.2 22 20 18.1 16.2 15.2

GBR 32 30.6 30 29.8 28.8 29 28.7 28.2 27.5 26.2 25.5 24.1 23.1 22.4 21.6 20.8 20.5 19.5 18.9 18.3 18
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Table C.5: Smoking Rates Predictor Means in Pre-Treatment Period

Real South Korea Synthetic South Korea

log GDP per Capita 9.84 10.16
Percent Aged 20-29 33.57 30.72
Industry: Agriculture & Forestry & Fishery 3.36 3.36
Alcohol Consumption per Capita 10.95 10.95
Smoking Rate 2000 35.00 34.09
Smoking Rate 2006 28.20 28.70
Smoking Rate 2010 27.50 27.22

Table C.6: Country Weights in Synthetic South Korea

Country Weight Country Weight

Australia 0 Greece 0.16
Austria 0.10 Hungary 0
Belgium 0 Ireland 0.17
Canada 0 Iceland 0.17
Switzerland 0 Israel 0.12
Czech Republic 0.28 Italy 0
Germany 0 Japan 0
Denmark 0 Netherlands 0
Spain 0 Norway 0
Estonia 0 New Zealand 0
Finland 0 Poland 0
France 0 Portugal 0
United Kingdom 0 Sweden 0
United States 0
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Appendix D: Tobacco Control Policies and Cigarette Prices in Countries

Selected for Synthetic Korea

D.1 Austria (0.10)

ˆ 1995: Federal Tobacco Act passed

ˆ 2005: Signed WHO FCTC

ˆ 2008: Expansion on No Smoking signs

ˆ 2016: Mandate on pictorial warning labels

ˆ 2019: Total ban on smoking at bars and restaurants

D.2 Czech Republic (0.28)

ˆ 1995: Advertisement regulation on tobacco

ˆ 2003: Mandate on text warning labels

ˆ 2005: Smoke-free zone on schools, medical facilities, and public areas

ˆ 2012: Signed WHO FCTC

ˆ 2016: Mandate on pictorial warning labels

D.3 Greece (0.16)

ˆ 2003: Advertisement regulation on tobacco

ˆ 2006: Signed WHO FCTC

ˆ 2009: Smoke-free zone on schools, healthcare facilities, indoor working spaces, and

public areas

ˆ 2016: Mandate on pictorial warning labels
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D.4 Ireland (0.17)

ˆ 2004: Smoke-free zone on schools, healthcare facilities, indoor working spaces, public

areas, restaurants, and bars

ˆ 2005: Signed WHO FCTC

ˆ 2016: Mandate on pictorial warning labels

D.5 Iceland (0.17)

ˆ 2002: Smoke-free zone on schools, healthcare facilities, indoor public gatherings

ˆ 2003: Mandate on text warning labels

ˆ 2005: Signed WHO FCTC

ˆ 2007: Smoke-free zone in public areas and businesses

ˆ 2016: Mandate on pictorial warning labels

D.6 Israel (0.12)

ˆ 1983: National tobacco control began, no smoking in public spaces

ˆ 2002: Mandate on text warning labels

ˆ 2005: Signed WHO FCTC

ˆ 2012: Smoke-free zone in schools and hospitals

D.7 Cigarette Prices in Countries Selected for Synthetic Korea
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Figure D.1: Changes in Cigarette Prices for South Korea and the Countries Included in
Synthetic South Korea

Note: The cigarette price is the lowest among the countries that construct the synthetic Korea. All of
the countries included in the synthetic Korea increased the cigarette price during 2011-2015 which may
contribute to the reduction of smoking prevalence in the synthetic Korea that will bias the results toward
less average treatment e�ect. The average treatment e�ect estimated from the synthetic control method
will be the lower bound of the actual average treatment e�ect.
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Appendix E: Tables and Figures for Chapter 3

Figure E.1: Average Decisions
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Figure E.2: Treatment E�ects: Di�erence in Stage-Two Decisions
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Figure E.3: Average Stage Two Decisions by Strategy Type (Tr M and PM)
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Figure E.4: Average Decisions by Strategy Type (Treatment PM)
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Figure E.5: Average Decisions by Strategy Type (Treatment M)
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Figure E.6: Strategy Types Across Treatments M and PM
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Figure E.7: Strategy Types Across Treatments M and PM
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Figure E.8: Strategy Types Across Treatments M and PM, with inclusion of hump-shaped
strategy categorization
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Figure E.9: Treatment E�ects on Strategy Type, with inclusion of hump-shaped strategy
categorization
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Table E.1: Demographic Descriptive Statistics

Variable
Treatment

Total
P PM M

Demographics
Age 21.38 20.65 21.29 21.11

(3.30) (2.59) (3.69) (3.23)
Male 0.44 0.40 0.51 0.45

(0.50) (0.49) (0.50) (0.50)
GPA 3.36 3.35 3.45 3.39

(0.49) (0.50) (0.54) (0.51)
Race (%)

White or Caucasian 5.00 8.00 6.00 6.33
Black or African-American 43.00 52.00 53.00 49.33
Hispanic or Latino 7.00 5.00 5.00 5.67
Asian 42.00 26.00 32.00 33.33
Mixed Race or Multi-Racial 1.00 7.00 3.00 3.67
Other 2.00 2.00 1.00 1.67

School Year (%)
Other 3.00 2.00 4.00 3.00
1st-year undergraduate 22.00 25.00 28.00 25.00
2nd-year undergraduate 20.00 24.00 18.00 20.67
3rd-year undergraduate 28.00 26.00 14.00 22.67
4th-year undergraduate 19.00 18.00 23.00 20.00
Graduate 8.00 5.00 13.00 8.67

Experience (%)
Prefer not to say 5.00 5.00 2.00 4.00
First time 16.00 14.00 19.00 16.33
2-4 experiments 49.00 42.00 40.00 43.67
5-7 experiments 18.00 27.00 26.00 23.67
8+ experiments 12.00 12.00 13.00 12.33

Time and Earnings
Total Game Time (minutes) 20.84 30.91 33.40 28.38

(2.30) (4.00) (5.70) (6.87)
Game Payo� ($) 4.95 8.28 8.65 7.29

(1.02) (1.96) (1.77) (2.29)
Total Earnings ($) 9.95 13.28 13.65 12.29

(1.02) (1.96) (1.77) (2.29)
Note: Mean values with standard deviations in parentheses for continuous variables. Percentages are
shown for categorical variables. N=100 in each treatment group (300 total).
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Appendix F: Additional Figures for Chapter 3

Figure F.1: Categorized Subject Responses
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Appendix G: Subject Instructions and Decision Screens for Chapter 3

G.1 Subject Instructions

Welcome
No Talking Allowed
Now that the experiment has begun, we ask that you do not communicate with other par-
ticipants. If you have any questions after we �nish reading the instructions, please raise
your hand and the experimenter will answer your question in private.
Complete Privacy
This experiment is structured so that no one (including the experimenters, the monitor,
and the other subjects) will ever know the personal decision of anyone in the experiment.
Every person's privacy is guaranteed because neither their name nor student ID number
will appear on any form that records decisions in this experiment.
One Task
You will face the decision task in this experiment only once, so you should take it seri-
ously.
Random Matching and Anonymity
You will be randomly matched with 3 other people to form a group of 4 individuals that
will stay the same for both decision tasks.
Cash Payo�s
Your earnings in this experiment are expressed in EXPERIMENTAL CURRENCY UNIT,
which we will refer to as ECUs. At the conclusion of the experiment you will be paid in
U.S. dollars using a conversion rate of $1 for every 4ECUs of earnings from the experi-
ment.
DECISION 1

Starting Balances
In this experiment, each participant has an Individual Account, and each group of 4
has a Group Account. The experiment begins with10 tokens in each participant's
Individual Account and 0 tokens in the Group Account.

- Tokens are worth3 ECUs in the Group Account (0.75 ECUs per group mem-
ber).

- Tokens are worth1 ECU in your Individual Account .

Decision Task
Each person will privately decide to move between 0 and 10 tokens from their Indi-
vidual Account to the Group Account. Each decision must be in whole tokens.

Earnings
Any tokens left in your Individual Account after Decision 1 will count towards your
�nal earnings. Tokens left in the Individual Account after Decision 1 cannot be used
for Decision 2.
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DECISION 2

Starting Balance
In Decision 2, each individual begins with10 tokens in their Individual Account.
Each four-person group begins Decision 2 with the Group Account value determined
by the sum of each member's Decision 1.

- Tokens are worth3 ECUs in the Group Account (0.75 ECUs per group mem-
ber).

- Tokens are worth1 ECU in your Individual Account .

Decision Task
Each person will privately decide to either:

- move up to 10 tokens from their Individual Account to the Group Ac-
count.

- move up to 1/4 of the tokens from the Group Account to their Individual
Account

Binding Decisions
You will not know the total amount of tokens in the Group Account after Decision 1
until you �nish Decision 2. Therefore, we ask you to make a decision for each possi-
ble balance of the Group Account after Decision 1. The choice that counts for your
�nal earnings will depend on the true choices made by your group members in Deci-
sion 1.

Earnings
Your earnings from the task will be the sum of:

- The value remaining in your Individual Account after Decision 1

- The value remaining in your Individual Account after Decision 2

- 1/4 of the �nal value of the Group Account

Examples Decisions
The below examples show how each group member's Decision changes the value of each
account.
Decision 1

ˆ Example B: if someone moves+2 tokens to the Group Account, this changes their
Individual Account value by � 2 ECUs, and changes the Group Account value by+6
ECUs.
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Decision 2

ˆ Example D: If someone chooses� 4 tokens for their Decision 2, this changes their In-
dividual Account value by +4 ECUs, and changes the Group Account value by� 12
ECUs.

ˆ Example E: If someone chooses0 for their Decision 2, the Individual and Group Ac-
count are not changed.

ˆ Example F: If someone chooses+6 tokens for their Decision 2, this changes their In-
dividual Account value by � 6 ECUs, and changes the Group Account value by+18
ECUs.

G.2 Decision Pages
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Figure G.1: Decision Screen for Decision 1 in Treatment P

142



Figure G.2: Decision Screen for Decision 2 in Treatment PM
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