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Abstract

Why some countries are rich and others poor? Studies of economic growth have explored
factors, and we investigate inclusive and extractive institutions in a laboratory experiment.
Inclusive institutions allow a broad range of individuals to participate in the economy or the
political process and access their benefits, while extractive institutions concentrate wealth
and power in the hands of a small group of individuals, often at the expense of the broader
population. Using experimental methods, we observe consumption and investment of
individuals in the economy, under four treatments with different inclusive and extractive
institutions. Our findings highlight that a combination of inclusive political and economic
institutions increases consumption, welfare, and capital stock. However, when extractive
political institution interplays with economic institution, economy are less likely to avoid
poverty traps. Extractive political institutions are also detrimental to equality.
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1 Introduction

Why are some nations rich and others poor? This is a vexing question since, at least in principle,
they have access to the same globally available technology. A number of empirical correlates
with income levels have been identified (Islam, 1995; Sala-i-Martin & Barro, 1995). Some
explanations appeal to the existence of multiple equilibria (Azariadis & Drazen, 1990; Rosenstein-
Rodan, 1943) and the difficulty of coordinating the activities of agents in the economy. Some
countries find themselves in high-income, high-welfare equilibria while others are in low-income,
low-welfare equilibria, which are referred to as poverty traps. Other accounts focus on the role
of institutions (North, 1991; North, 1992). Acemoglu and Robinson (Acemoglu & Robinson, 2013)
assert that inclusive institutions, in which a wide segment of the citizenry participates, are
conducive to economic growth, but that extractive institutions, which allow an elite to extract
wealth from others in the population, are harmful.

In this paper, we present a laboratory experiment that considers the effect of inclusive and
extractive political institutions on economic growth. We use an experimental paradigm that has
been employed in prior research (Capra et al., 2009; Lei & Noussair, 2002; Lei & Noussair, 2007)
and augment it by overlaying political and economic institutional structures. Thus, we are not
directly trying to answer questions such as “Why is Luxembourg so much wealthier than
Moldova?”. Rather, we seek to understand more generally what institutional structures might aid
or hinder an economy in achieving its potential. The experimental method allows individuals to
be randomly assigned to economies that are identical in structure other than their institutions,
allowing the causal effects of the institutions on growth and welfare to be isolated and measured.

The experiment follows a two-factor, two-level design. One factor is the inclusiveness/
extractiveness of the political institution. The inclusive institution is political competition, in which
two candidates frequently compete for votes by proposing tax policies. The extractive institution
involves a social planner who can unilaterally impose a tax policy. Our inclusive economic
institution is the protection of all property that is not subject to taxation. Under the extractive
economic institution, property that is not subject to official taxation can be seized arbitrarily by
the state. Thus, our experiment consists of the following four conditions: inclusive political-
inclusive economic (1), inclusive political-extractive economic (IE), extractive political-inclusive
economic (El), and extractive political-extractive economic (EE).

The economy has two stable steady states. One of these is optimal in that it offers the highest
possible sustainable level of utility. The other steady state is suboptimal and can be interpreted
as a poverty trap. Indeed, the poverty trap is a competitive equilibrium from which unilateral
deviation is not profitable. The boundary of the basins of attraction of the two steady states is
defined by a threshold level of economy-wide capital stock, which when surpassed leads to higher
productivity. The economies are initialized at levels of capital stock below the threshold, and thus
the agents in the economy face a coordination problem. They can only surpass the threshold if
sufficiently many individuals forego some consumption to increase their capital stock.



Though our main focus is on overall welfare and capital accumulation, we also consider the effect
of institutions on inequality. It is known that lower institutional quality is correlated with greater
inequality (Chong & Gradstein, 2007). Furthermore, political institutions play a pivotal role in
determining the extent to which income inequality affects economic growth (Benabou, 1996).
Institutions that ensure a more equitable distribution of resources can foster a more harmonious
political environment and sustained economic growth (Alesina & Rodrik, 1994).

Our results show that both inclusive political and economic institutions lead to welfare on average
increase the likelihood of escaping the poverty trap. Political competition has a larger positive
effect on welfare than the preservation of property rights. Under I, taxes are relatively high, and
since the state cannot steal money, is spent to increase the productive capacity of the economy.
Under IE, political competition leads to lower tax rates, as voters are aware that any taxes they
pay are subject to theft, and indeed, relatively low revenue and theft of it are widespread. Under
El, the tax that the social planner imposes on others is relatively high, and this has an adverse
effect on wealth accumulation. However, because state theft of tax revenue is precluded, the tax
collected is spent productively. Under EE the social planner imposes high taxes and appropriates
a large percentage of the tax revenue. This serves to greatly discourage wealth accumulation and
the incentive of the social planner to preserve the economy’s production for later extraction is
insufficient to keep the economy functioning as well as under the other conditions. The ranking
of the four treatments in terms of growth and overall welfare is Il > IE > El > EE. Moreover, lower
taxes and less appropriation of revenue promote a more equitable wealth distribution. In contrast,
high taxes and large appropriation of tax revenue under EE reduce inequality and inadvertently
stifle wealth accumulation and economic growth.

The remainder of the paper is organized as follows: Section 2 summarizes the literature review.
Section 3 discusses the implications of the theoretical framework, including the optimum and
sub-optimum equilibrium. Section 4 describes the experimental design. Section 5 presents the
main hypotheses. The results are in Section 6 and Section 7 concludes. The appendix contains
additional figures and experimental instructions.

2 Literature Review

Growth theory has its origins in the work of Ramsey (1928), Solow (1956), Cass (1965), and
Koopmans (1963). Ramsey (1928), Cass (1965), and Koopmans (1963) showed that under the
assumption that the economy is operated by a benevolent social planner and the production
function of the economy is concave, consumption and investment converge to optimal steady
state levels. Though the models’ formal structure specifies a social planner making decisions on
the economy’s behalf, the model has been widely interpreted as the behavior of a decentralized
economy over time. Under such an interpretation, the assumption of concave production is
critical. Without the assumption, multiple equilibria are possible (Azariadis & Drazen, 1990;
Rosenstein-Rodan, 1943). The notion of multiple equilibria led to the hypothesis that
international differences in income levels might be explained by the fact that some countries are
in relatively bad equilibria relative to others, that is, they are stuck in poverty traps.




A number of authors have considered empirically the factors that explain economic growth (Islam,
1995; Sala-i-Martin & Barro, 1995). These analyses yield a number of correlates, including
geographic, cultural, and of most interest to us here, institutional factors.

A large body of theoretical and empirical literature supports the proposition that efficient
institutions are necessary for long-term economic growth. Acemoglu and Robinson (2013)
propose that political and economic institutions can be either inclusive or extractive. inclusive
institutions allow a broad range of people to participate in the economy or the political process
and access their benefits. These institutions concentrate wealth and power in the hands of a small
group of people, often at the expense of the broader population.

Among political institutions, democracy, good governance, and political stability are generally
regarded as institutions conducive to economic growth (Islam & McGillivray, 2020; Nkurunziza &
Bates, 2003; Douglass C North, 1990; Douglass C. North, 1990). Decentralization can increase
growth, but can also be detrimental if supervision is weak (Gong et al., 2021). Local elections have
no significant impact on economic growth (Moricz & Sjoholm, 2014). Term limits have also been
found to exhibit a weakly inverted U relationship with economic growth (Zhang & Gao, 2008).

Economic institutions impact the allocation of savings, increase productivity, and mitigate
information asymmetries in the market, thereby performing the functions of savings mobilization,
capital fund allocation, monitoring the use of funds, and managing risk, which all contribute to
the economic growth process (Acemoglu et al., 2005; Levine, 1997). Secure property rights
incentivize investment in one’s property and allow for borrowing against it. They also reduce the
potential for disputes over ownership, saving resources and promoting social harmony (Demsetz,
1967). Inequality in the distribution of wealth is associated with lower growth(Fershtman et al.,
1996; Moav and & Neeman, 2012). Tax level appears to have an inverted-U relationship with
growth, while corruption reduces the optimal taxation level (Aghion et al., 2016).

There is a small experimental literature studying models of economic growth in the laboratory.
Lei and Noussair (2002) conducted the first laboratory experiments with an optimal growth model.
Their economy had the structure of the model of Ramsey (1928), Cass (1965), and Koopmans
(1963) with some modifications to allow for laboratory implementation. They conducted one
treatment with a social planner allocating capital and consumption, and another treatment with
a team of five individuals in the role of the social planner. In a third treatment, the economy was
set up in a decentralized manner where capital could be traded among producers in the economy.
They found that the decentralized economy converged to its optimal steady state, while the social
planner failed to make optimal decisions for the economy.

Lei and Noussair (2007) constructed an economy with two steady states, one that is optimal
equilibrium, and one that is Pareto-inferior which can be viewed as a poverty trap. Members of
the economy in the poverty trap must accumulate capital beyond a threshold level to raise
themselves out of poverty. Thus, the threshold of capital stock plays an important role in the
models studying poverty. In their experiment, the decentralized economy often falls into the




Pareto-inferior equilibrium — the poverty trap, while the economy with a social planner reaches
neither an optimal outcome nor a poverty trap.

Capra et al. (2009) introduces communication and voting as institutions into the experiment using
the same economic growth model. The result shows that communication and voting facilitate
collective action among agents. Restrained consumption helps to accumulate sufficient capital to
escape poverty. By combining communication and voting, all economies overcome poverty traps
in the experiment. However, it is important to be aware that other institutions exist and need
further investigation. It is currently unclear which type of institution is most effective at
addressing poverty.

3 Theoretical framework
3.1 General Structure

We describe here the economic environment describing our laboratory experiments. The
notation follows Lei and Noussair (2007) and Capra et al. (2009). At an aggregate level, an
economy has a lifetime utility given by:

D a+ptue)
t=0
where p is the discount rate and C,is consumption at period t. This economy also faces a
resource constraint:
Ct + Kt+1 S A * F(Kt) + (1 - S)Kt

where § is the depreciation rate, K, represents the aggregate capital stock at the beginning of
period t, and the parameter A indicates the efficiency of the production technology. The
aggregate production function is the sum of the individual production capabilities. That is,

AxF(K,) = Z Ay = fi(ky)

for all agents i at time t.

The economy experiences a large discrete leap in productivity when its capital stock grows
beyond a threshold. This threshold level of capital stock K determines the efficiency parameter
of the production technology for each agent

p {Ai,ifK< K
A, if K> K.



When the aggregate capital stock is above the threshold, agents in the economy have higher
productivity A_i; otherwise, their productivity is at the lower level 4;.

In the experiment, the economy is populated by five heterogeneous agents. This decentralized
economy allows all agents to produce homogeneous goods. Each agent has a certain level of
production capability and derives value from consuming units of output. The utility of
consumption is
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where c,f is the consumption for agent i in period ¢, and mi is the numeraire good held by agent
i in period t (which may be thought of as money). Each agent thus has u'(c},m}), indicating the
utility of agent i. We decompose it as u"(ct",mi) = vi(cti) + m%, where mé, cannot be produced
and has a constraint ; m! = 0 for all t.

The aggregate production and consumption in the economy are determined by the behavior of
these agents. Each agent i is given two individual production schedules that show how the

current capital ké is transformed into output 4; *fi(k%), depending on whether total capital
K, =) k§ is above or below the threshold. Facing the resource constraint, each agent chooses
their own output amount to

Max g > Acfi(kl) = AF ()
i

In the experiment, the marginal utility of consumption of agent i is a discrete approximation of
vi(cti) =396 + 4i — ZOc,f, and the utility and production functions of each agent are private
information. Each agent has their own unique functions, and no agent has access to the aggregate
utility or production of the economy. This design allows us to study the behavior of agents in a
situation where they do not have complete information about the economy.

3.2 Parameters

We set the utility function and production function to be the same as those in Capra et al.
(2009). But we use a different discount rate. Table 1 lists these parameters.

Parameters of the Experimental Economies

Economy-wide utility function 400C, — 2C#
Economy-wide production function K2®
A: Production-efficiency A = 7.88;ifK, <31

A = 16.771;if K, =31
K: threshold level of capital stock 31




p: discount rate 1/9
0: depreciation rate 1
K, initial capital stock 25

Table 1 Parameters

3.3 Competitive Equilibrium

In this economy, there are two stable steady states which are both stationary competitive
equilibria. One of these steady states is optimal, in that all agents receive higher payoffs than in
the other steady state. The optimal steady state represents the outcome that a benevolent social
planner would aim for the economy to converge toward. Such a social planner would choose
consumptions in each period, C; ... Co, to maximize lifetime utility:

D A+ U
t=0

subject to resource constraints and the production technology. Moreover, both consumption and
capital units must always remain non-negative, and capital stock cannot be destroyed so that
K;+1 = (1 — 8)K;. Table 2 contains the values of the key variables in the optimal and sub-optimal
(poverty trap) steady states.

Variable High-income Steady State Poverty Trap
Capital (K) 57 13
Consumption (C) 70 15
Price (P) 122 338
Welfare (U) 18,152 5,689

Table 2 Equilibrium variables in the experiment

4 Experiment design
4.1 Treatments

Treatment Abbreviation # Sessions # subjects
Inclusive Political & Inclusive Economic -1 5 25
Extractive Political & Inclusive Economic E-I 5 25
Inclusive Political & Extractive Economic I-E 5 25
Extractive Political & Extractive Economic E-E 5 25

Table 3 Summary of experimental treatments

The experiment utilizes a 2x2 factorial design to investigate the effects of political and economic
institutions on economic growth. The two factors are (i) the domain of institutions, either political
or economic; and (ii) the type of institutions, either inclusive or extractive. Political institutions in
the experiment are assessed based on the extent to which individuals can access and engage in
political activities. The activity that we focus on is the tax rate that is set. The economic institution
we consider is the extent to which property rights are respected.



There are four distinct treatments, and in each treatment, the economy consists of a group of
five subjects. The first treatment group (I-1) represents inclusive political institutions combined
with inclusive economic institutions; the second treatment group (I-E) represents inclusive
political institutions combined with extractive economic institutions; the third treatment group
(E-1) represents extractive political institutions combined with inclusive economic institutions. In
the fourth treatment group (E-E), both political and economic institutions are extractive.

In the I-1 and I-E treatments, the “inclusive political institution” randomly picks two subjects to
make proposals about the tax rate that will be in effect in the current period. Each proposer must
submit a tax rate ranging from 0% to 100%, indicating the percentage of K that an individual holds
that will be collected. The tax proposal receiving the majority of votes is implemented.

We assume that the government spending itself yields some degree of benefit to the economy.
In the experiment, the total amount of taxes collected from all individuals increases by 20%. This
larger tax revenue is divided and distributed among all players equally in the form of an increase
in capital stock. For instance, if the collected tax amount is 8, then the increased tax revenue
would be 8+8*20% = 9.6. Each player would receive a tax return of 9.6+5 = 1.92.

The treatment groups with “extractive political institutions” (E-l1 and E-E) randomly select one
participant to serve as a social planner for the entire duration of the horizon3. This social planner
is responsible for deciding the tax rate on behalf of all other participants, but this social planner
is exempt from paying taxes®. In other words, under the extractive political institution, only the
remaining four participants are required to pay taxes. The social planner has the incentive to set
a high tax rate so that he or she can get a greater wealth transfer from others. However, the
social planner may recognize the adverse impact of excessive extraction on the overall economic
growth of the group and moderate the tax rate.

The economic institutions vary in terms of the security of property rights. Under the inclusive
economic institution, in effect in the I-1 and E-I treatments, property rights are strictly enforced.
This allows all participants to securely retain their units of capital and output and utilize them for
further trading and production activities.

Under an extractive economic institution, property rights are not enforced. In treatments I-E and
E-E, holdings of capital are not secure. Under the extractive economic institution, the winning
proposer in every period (under I-E) or the social planner (in E-E) has the authority to seize any
portion of the tax paid by all other agents and keep it for themselves. This design is intended to
mimic the extraction of income and wealth from one segment of society to enrich itself at the
expense of others.

3 Horizon in this experiment represents a set of periods. See Figure 1 for more details.
4 Note that the social planner knows the individuals’ capital units but does not know others’ utility functions, which
always remained private.



The four distinct treatments utilized in this experiment investigate the interplay between political
and economic institutions and their impact on economic growth. We evaluate the ability of these
institutions to prevent an economy from falling into a poverty trap and instead promote
convergence towards the Pareto equilibrium, which represents a state of optimal efficiency and
welfare for all participants. Our research contributes to a better understanding of the conditions
that enable sustained economic growth and development.

4.2 Procedure

Session

Horizon 1 Horizon 2 Horizon 3

>pe,i.,m>>pa,i.,d >>”.,> >.=,,i.,c.1>>psﬁ.,d > >pa,i.,.,1>>p.,,m>>pem 3>>pe,i.,d 4>>.,.,,iu., 5>>,.,,i,,d > ......

Figure 1 Structure of session

Each session of the experiment has five individuals participating together as members of an
economy. We refer to each indefinitely repeated economy as a horizon. At the beginning of the
horizon, the experimenter provides instructions and conducts a practice horizon. This practice
horizon familiarizes the participants with the decisions that they would make during the session
and does not impact their earnings. Figure 1 illustrates a typical session, which is comprised of
multiple horizons, each of which has several periods. The number of periods in each horizon is
determined by rolling a 10-sided die after each period in the horizon. A die number of 1 means
the current horizon ends and all capital will be reset for the next horizon. If the die number is
between 2 and 10, the current horizon continues. This, there is a probability of .1 in each period
that the horizon will end, conditional on that period being reached. Under the assumption that
individuals are risk-neutral, this indefinitely repeated structure is equivalent to an infinitely
repeated structure with p=1/9.

Each experimental session lasts for two hours. If a horizon ends with more than 15 minutes left
in the session, a new horizon begins with the same initial endowments: 5 units of K and 10,000
experimental currency. All parameters are kept the same among horizons. The same initial
endowments for each new horizon are independent of the previous activity, thus we assume that
restarting after an exogenous random ending does not affect participants’ optimal decision-
making. Two sessions extended beyond the allotted two hours because a horizon was ongoing,

Each period within a horizon consists of four stages. In stage 1, participants make a tax rate
decision for the economy. Under |-l and I-E, this occurs by voting for one or two available
proposals. Under E-I and E-E the social planner imposes the tax rate. In stage 2, they all engage
in a double auction market in which they can trade capital among themselves. In stage 3,
participants allocate their capital into consumption or investment and pay the tax on
unconsumed capital. The after-tax unconsumed capital is converted to output according to their
production function. In stage 4, under E-E, the social planner chooses how much tax revenue to
take for herself. Under I-E, the person with the winning proposal chooses how much to take for



himself. In all treatments, the remaining amount of tax revenue increases by 20% and is returned
to all players equally, including the social planner in the E-E and E-I treatments. The timeline for
each of the four treatments within a period is illustrated in Figure 2.

Timeline within a period

2 subjects make all subjects vote

i allocate K
proposals about for one final betwean
tax rate proposal consumption and
investment
pay tax of
unconsumed K
total amount of

social planner decides a tax rate tax is increased
by 20%
+
returned tax to
all payers

Inclusive P&E
(I-1)

Extractive P &
Inclusive E
(E-T)

Trading
in
market
2 subjects make all subjects vote allocate K
proposals about for one final between convert capital to

tax rate proposal e Ouiput

Inclusive P & *

Extractive E
(I-E)

pay tax of
unconsumed K

one player steals
K from tax
revenue

Extractive P&E

(E-E) social planner decides a tax rate

Figure 2 Timeline in one period

In treatment I-1, all subjects begin with the same initial endowment consisting of 5 units of capital
output and 10,000 currency units. Each participant also privately learns their individual utility and
production functions. In stage 1 of treatment I-I, two participants learn the capital unit of each
participant and propose a tax rate to be charged to all members of the economy. The tax rate
ranges from 0% to 100%, specifying the percentage of tax each subject must pay. After the two
proposals are announced publicly, each subject must vote for one of the proposals. The proposal
that receives a majority vote is implemented.

In stage 2, which is the same for all treatments, subjects use their cash endowment to buy and
sell the capital in a double-auction market (Smith, 1962). The double-auction market design
prompts the participants to submit buy or sell orders along with prices for each unit and quantity
of units. Since the currency is valuable and will be converted to real dollars at the end of the
experiment, it serves as an incentive for trade. Furthermore, as participants have different utility
and production functions, trade in the market can potentially benefit all participants.
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During Stage 3, players allocate their capital to either consumption or investment. The portion of
capital that is consumed yields utility, which results in a cash payment to the participant. The
remaining capital that is not consumed as an investment is taxed according to the tax rate in
effect for the period. The remaining capital is then converted to output based on the production
function. In Stage 4, the tax revenue which is collected from players grows by 20% and is
redistributed equally among all five players.

At each period, a 10-sided die is rolled publicly to determine whether the current horizon
continues or ends. If the current horizon continues, the capital stock of each subject is carried
over automatically as input for production in the next period, allowing for further trade and
potential gains in subsequent periods. However, if the current horizon ends, the capital stock is
reinitialized at the starting level for the new horizon.

The timeline of treatment I-E is similar to treatment |-, with one notable difference. In Stage 2 of
I-E, a randomly chosen participant has the option to steal capital from others, up to a maximum
of 15%. Other players can identify the person who steals capital from them by ID number. This
setting is our representation of extractive economic institutions and serves as a defining feature
of the treatment I-E.

The timeline in treatment E-l is identical to treatment I-I, except for Stage 2. In stage 2 of
treatment E-I, subjects are no longer able to vote for their preferred proposal. Instead, a social
planner, who is randomly selected from the group of subjects, is responsible for determining the
tax rate for the entire group. This social planner stays in this position for the whole horizon and
uses the subjects’ production functions to determine the tax rate. While the social planner is
exempt from the tax rate, the other four subjects must still pay tax. The timeline for treatment
E-Eisidentical to treatment E-lin all stages, with the exception that subjects do not have property
rights, similar to treatment I-E. As a result, the subjects’ capital can be taken away by the social
planner.

5 Hypotheses

We investigate how political and economic institutions affect the ability of the economy to
escape from a poverty trap, as well as the efficiency of promoting higher levels of output and
welfare. A well-functioning economic institution can decrease strategic uncertainty and inspire
individuals to sacrifice short-term consumption for greater long-term welfare. As the threshold
is surpassed, sustained positive feedback loops can be established.

We hypothesize that inclusive institutions are better at achieving higher output and capital stock,
and consequently a greater level of wealth and welfare. Specifically, we advance the following

hypotheses:

Hypothesis 1. Our inclusive political institutions lead to higher output and welfare, compared to
the extractive political institutions. In other words, in treatment -1, the level of output and welfare
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in the economy will be higher than it is in treatment E-I; and in treatment I-E, the level of output
and welfare in the economy will be higher than it in treatment E-E.

Hypothesis 2. Our inclusive economic institutions lead to higher output and welfare than the
extractive economic institutions. In other words, in treatment I-1, the level of output and welfare
in the economy will be higher than it is in treatment I-E; and in treatment E-I, the level of output
and welfare in the economy will be higher than it is in treatment E-E.

6 Results

Table 4 details how much data are available. Participants were undergraduates at the University
of Arizona. Each individual participated in this experiment only once so that all treatment
comparisons are between-subject. The average earnings were $42.2. We conducted five sessions
under each of the four treatments for a total of 20 sessions. Each session contained between 2
and 5 horizons.

Treatment # Horizons # periods per horizon  Avg earnings in experimental currency
I-1

-1 2 (4, 13) 11718
-1 2 2 (14, 6) 43920
-1 3 2 (13, 15) 35290
-1 4 2 (7, 10) 33547
-5 2 (9, 12) 40465
E-l
E-11 3 (7,1, 14) 33582
E-12 2 (3, 11) 6447
E-13 2 (4, 14) 21714
E-14 4 (1,5,6,7)° 11241
E-15 2 (12, 9) 19688
I-E
I-E 1 2 (10, 11) 26583
I-E 2 2 (9, 5) 28342
I-E 3 2 (13, 7) 34492
I-E 4 2 (5, 10) 21494
I-E5 2 (15, 8) 21695
E-E
E-E1 5 (5,3,1,6,6)° 10361
E-E2 2 (12, 5) 32314

5 In this treatment session E-1 4, the second horizon (5 periods) end when the dice number is not 1, because the
capital k in the economy became 0. No capital would be generated in the following period.

6 In this treatment session E-E 1, the first horizon (5 periods) and the fourth horizon (6 periods) end when the dice
number is not 1, because the capital k in the economy became 0. No capital would be generated in the following
period.
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E-E3 2 (11, 10) 36946
E-E4 3 (1, 4, 22) 18382
E-ES 3 (5,12, 10) 26354

Table 4 Session Information for Treatments

Figures 3 — 7 display the level of capital stock over time in all horizons under all four treatments
K™ indicates the optimal steady state, while the black dashed line is for the poverty trap which is
the sub-optimal equilibrium. Between these two equilibria, the green dashed-dotted line labels
the threshold level of capital at which productivity jumps.

Figure 3 shows the capital stock data from the I-I treatment. In session 1, the economy
converges to the poverty trap in both horizons. However, in the other four session, capital stock
exceeds the threshold in all horizons, successfully avoiding the poverty trap. Figure 4 displays
the data for the E-I treatment. In sessions 2, 4 and 5, the economy fails to surpass the threshold.
In session 1, there is overinvestment relative to the optimal level, and in session 3, capital
exceeds, then dips below, then reemerges above the threshold.

In I-E, shown in Figure 5, each of the five sessions exhibit one horizon that exceeds the
threshold and one that does not. Thus, this treatment is characterized by dynamics that are
specific to each horizon. While the members of the economy stays the same for the entire
session, those with the right to appropriate resources change from one period to the next. The
success of such economies is highly dependent on who is in power. Finally, under E-E, two of the
five sessions, 1 and 4, do not manage to reach the threshold level of capital stock at any time.
Session 5 manages to only surpass the capital stock threshold once in three horizons, and in
that one instance, it soon falls again below the threshold. In only two sessions, do the
economies exit the poverty traps in both of their opportunities to do so.

We use a linear regression model with the specification introduced by Noussair et al. (1995) to
estimate the values toward which the variables in the economy converge to over time’.

1 —
Yie=Bip B+ v+ &

In this regression equation, Y;; denotes the dependent variable or interest at time t ---- the
economy’s consumption level C, = Y; ¢}, the economy’s capital stock K, = Y; k!, or the total
utility of consumption in the economy U(C,) = X; u;(cf). Period t is the period number within
a horizon, and j represents the session number from 1 to 5 in each treatment. The value of the
dependent variable for each horizon is a period-weighted average between an initial value 3; for
t = 1,and along-termvalue 3, as t approaches to infinity. We label 3, as the convergence value
for the session's dependent variable. If 5, is not significantly different from the optimal steady
state value, we conclude that the dependent variable converges to that optimal value. v; is a
random effects disturbance for horizon j .

7 Noussair et al (1995) first used this model to estimate the convergence.
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Each session is estimated separately, and within a session, the data is from all horizons is included.
Table 5 reports the estimates of the model for capital stock K (K* = 57), aggregate consumption

C (C* =70), welfare from consumption U(C), and the price of capital (P) in each session.

Table 5 Estimation of convergence. all treatments

session fp;fork pB,fork pyforC p,forC pyforUu p,forU [, for P B, for P
cel 13.35 9.29 12.1 2.53 4252.3 903.74 636.46 532.06
(2.28) (6.33) (1.91) (1.79)  (582.73) (545.3)  (97.81)  (91.53)
ce2 7.04 53.31 -0.33 53.37 1213.31 13349.38 137.73 704.19
(8.64) (4.94) (5.75) (3.29) (1210.72) (692.57) (255.4) (195.67)
ce3 6.07 75.79 -4.59 50.33 -51.63 1204296 833.53 293.08
(14.14)  (13.7)  (11.96)  (15.44) (2579.43) (3431.84) (180.4)  (48.15)
ced 17.13 6.67 10.04 9.54 3671.9 3333.85 273.21 528.98
(2.05) (0.98) (2.59) (1.24)  (876.24) (420.47)  (98.99)  (232.2)
65 16.74 25.46 6.34 24 2809.77 5772.01 1629.49 859.43
(7.93) (11.8) (9.5) (13.78) (1910.93) (2813.1) (247.09) (343.64)
. 10.34 69.64 1.8 34.65 1470.48  8256.05 374.53 227.29
eil (9.68) (37.93) (7.47) (15.69)  (1479.9) (2903.89)  (43.03) (121.41)
oi2 15.1 6.21 10.91 6.99 3840.61 2490.43 664.44 306.86
(2.34) (3.22) (2.81) (3.66)  (924.95) (1241.59) (110.26) (70.15)
.i3 12 33.71 2.39 30.34 2023.85 7720.03 821.27 545.77
(6.43) (3.46) (6.86) (3.7)  (1441.44) (776.75) (90) (97.33)
cid 13.35 5.83 13.19 4.17 4720.52  1583.32 493.28 582.82
(2.23) (3.21) (2.2) (2.11)  (761.49) (636.91)  (88.15) (73.73)
oi5 13.43 12.06 6.15 22.31 2669.26  6641.89 441.99 561.3
(2.1) (7.83) (6.57)  (16.02) (1724.05) (4730.34) (210.57)  (256.49)
i1 11.24 41.52 1.61 31.11 1442.29 8518.3 502.41 345.74
(9.18) (20.24) (10.38) (14.71) (2555.88) (3395.81) (186.28) (145.79)
02 12.45 49.12 -0.67 51.47 1018.77 13686.61 757 .26 85.75
(7.82)  (14.67)  (10.4)  (17.17) (2464.31) (3849.81) (225.62) (158.96)
03 11.06 29.8 3.74 35.3 2271.43 9484.21 43547 257 .42
(7.48)  (15.35)  (8.49)  (15.66) (2068.27) (3554.43) (173.16)  (56.43)
e 8.8 35.2 4.27 32.34 2812.97 8136.54 206.77 197.52
(7) (14.11)  (8.18)  (12.41) (1407.01) (2527.41) (82.21) (51.8)
o5 12.5 55.07 3.75 26.51 1756.74  7473.43 197.87 789.71
(8.01) (34.51) (7.29) (12.75) (2182.7) (3456.85) (196.97) (92.69)
i1 14.71 15.05 11.96 9.46 4202.3 3107.68 1384.32 892.95
(1.96) (4.05) (2.63) (1.48)  (715.9) (402.62) (199.74)  (429.03)
i 2.96 61.54 -0.2 45.9 1453.49 11816.22 891.3 190.85
(11.86) (17.98) (10.712) (15.02) (2009.75) (2802.63) (264.07) (68.75)
i3 -5.09 77.39 -3.19 60.22 851.24 15073.84 328.8 173.34
(9.84) (4.1) (7.25) (3.02) (1317.76) (549.02) (64.2) (35.16)
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session [, fork pB,fork pyforC p,forC pyforU pS,forU p;forP [, forP

14.79 56.91 -4.6 61.98 -805 15000.74  507.35 175.01

li4 (5.34)  (856) (10.02)  (5.84) (2087.82) (1216.5) (54.28)  (27.62)
e 9.86 4034  0.88 46.87  1503.78 12556.84 45263  550.32
(456)  (3.05)  (7.36)  (4.93) (1564.41) (1456.43) (134.48) (117.34)
High-
Income
Steady - 57 - 70 - 18152 - 122
State
Poverty
] 13 i 15 ; 5689 . 388
Trap

The estimation of convergence values in each session for capital stock, consumption, welfare, and
prices is reported in Table 5. The specification allows us to compare the convergence values with
both the optimal outcome and the poverty trap levels. We define escaping a poverty trap as the
capital stock increasing to beyond the threshold of 31 at the end of in at least one period, for
horizons with 3 periods or more (if the horizon ends earlier, there is not enough time for the
economy to escape from poverty). According to this criterion, only two of these economies in
treatment E-E have clearly escaped poverty.

Other treatments with different combinations of institutions increase the likelihood of escape
from the poverty trap, in contrast to the E-E. The estimated convergence values of capital and
welfare for Treatment E-I and I-E confirm the impression gleaned from the charts in Figures 4 and
5. Treatment E-I has three sessions that are stuck in the poverty trap and the remaining two are
predicted to end up in between the two equilibria. In treatment I-E, only one session converges
to close to the optimal steady state, and the remaining four end up in between the two equilibria.

The estimated convergence values from Treatment I-I, shown in the last five rows in Table 5, have
a large value of 3, for capital stock and welfare, and only one session appears to be converging
toward the poverty trap. In four of the five sessions, the estimated convergence level of capital is
close to the optimal outcome value. Three sessions are converging to close to the optimal welfare
level. This contradiction between the ability of other combinations of institutions to create
optimal levels of total capital accumulation, but welfare significantly below the optimum, is a
result of the inclusive political and inclusive economic institution in which capital and
consumption are freely determined among agents.

6.1 Convergence of consumption and welfare

The theoretical model in Section 3 forecasts that consumption will gradually align to a value of 70
or 15. Since welfare is realized according to the current consumption, it is highly correlated with
consumption and the time series for welfare follows similar patterns of consumption. Therefore,
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we present the results of consumption and welfare together in this subsection. The consumption
and welfare estimates from the regression model are found in Table 5 for all four treatments®.

Of the five sessions in the |-l treatment, two of them, sessions 2 and 4, showed an aggregate
consumption level converging towards the optimal level. Sessions 3 and 5 exhibited fluctuations
in consumption and some horizons ultimately fell into the poverty trap. High volatility in early
horizons may occur because players were exploring strategies. For example, convergence in
session 1 suggests players settle into sub-optimal equilibria after their initial exploration.
Convergence in Session 2, on the other hand, exhibits fluctuations in the first horizons but
progressively leans to the optimal equilibrium, which indicates effective coordination among
players. This contrast shows that experience can cut two ways, the group may learn to coordinate
or may learn that coordination is too difficult to achieve.

Treatment E-I has only 3 horizons where the level of consumption approaches closely to the
optimal level. Similarly, in treatment I-E, the convergence shows various results. In all 5 sessions,
there is a horizon where the consumption has a trend of convergence to the optimal level of
consumption. But the other horizon shows the opposite results. Welfare follows the pattern of
consumptions.

The treatment E-E shows less variability within the sessions. Sessions 1, 4, and 5 all have a
consumption level near to poverty trap while sessions 2 and 3 successfully escape from the
poverty trap. This indicates that under two extractive institutions, economy development highly
depends on the coordination of players. It still has possibilities to gain economic growth, though
not very likely as in the environment with other institutions.

6.2 Capital Stock

Table 6 summarizes the results of whether each horizon gets out of the poverty trap. In
treatments, E-E, 10 out of 15 horizons (62%), consumption (Figures in section 8.1), and total
capital (Figures 3-6) remain close to or even below the poverty trap level. The results vary in
sessions. The Figures show that in two of these five sessions (2 & 3), the economy invests
sufficiently in capital to surpass the threshold of 31 units in the first horizon and attain the
threshold level of capital after that horizon ends, in the remainder of the session. On the contrary,
in the other three sessions, the capital stock fails to surpass the threshold in different horizons
and the economy falls in the poverty trap or even completely collapses with a capital stock close
to zero. The fact that these economies do not persistently exit the poverty trap indicates that the
extractive political and economic institutions harm economic development in the long run.
Avoiding the poverty trap in early periods or early horizons does not guarantee successful
avoidance of poverty traps later, and vice versa.

Treatment # of horizons get out of # of horizons fall into
poverty trap (%) poverty trap (%)
I-1 8 (80%) 2 (20%)

8 Standard errors for these estimates are provided in brackets.
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E-I 3 (27%) 8 (73%)
I-E 6 (60%) 4 (40%)
E-E 5 (38%) 8 (62%)

Table 6 Horizon results in each treatment

In the treatments with only one extractive institution (E-1 and I-E) instead of two (E-E), outcomes
are more diverse among sessions, and the paths of capital stock is quite variable. In the E-I
treatment E-1, one player directly decides the tax rate for the whole session. Sessions 1 and 3
consistently move towards a capital stock level close to the optimum. In particular in session 3,
the economy is moving towards the optimal steady state in the last horizons of the session, while
the fluctuation of the capital stock is around the threshold all the time in later periods. The three
other sessions, E-12, 4, and 5 remain near the poverty trap level of capital stock. Several horizons
in these sessions exhibit total economic collapse and reach zero capital.

In treatment I-E, tax rate decisions are made by majority choice from a small and changing set of
proposals ---- two players compete to set up tax rates, and one of them has the chance to grasp
tax revenue. In contrast to the E-E and E-l treatments, where the tax rate is determined exclusively
by one player. As shown in Figure 5, |-E exhibits more variability within sessions than either E-E or
E-1. The reason lies in the fact that the political institution is competitive. A new pattern emerges
----only in one of two horizons in each session, consumption and capital stock remain consistently
close to the poverty trap level, and the other one gets out of the poverty trap and converges to
the optimal outcome.

When both political and economic institutions are inclusive, less variable activity exists in
treatment I-I. Different from the treatment I-E which has no property rights or the treatment E-I
where only one player determines the tax rate, the voting process for tax proposals speeds up a
smooth convergence to the optimal equilibrium. Because it involves competition between two
proposers and prevents a centralized power to mainly controlling the economy's level of capital.
However, in contrast to the previous treatment, in treatment I-I, the economy reliably escapes
the poverty trap. As shown in Figures, all sessions except I-11 show that consumption levels and
capital stock either converge to and go beyond the optimal equilibrium or are closer to the
optimal equilibrium than to the poverty trap. The level of capital consistently exceeds the
threshold of 31 in all these four sessions.

6.3 Compare across Treatments

We employ Mann-Whitney nonparametric rank-sum tests that treat each experimental session
as one data point. We assume that there is no difference between any two treatments under
the null hypothesis. Table 11 displays the results where we used the average value of total
output and welfare across periods for an entire session. The output does not have a significant
difference among treatments, while the welfare under inclusive institutions is significantly
higher under extractive institutions.

Treatment E-| Treatment I-E Treatment E-E

Output
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Treatment |-I
Treatment E-I
Treatment I-E
Welfare
Treatment |-
Treatment E-I
Treatment I-E

Stat: 18.00, p: 0.148 | Stat: 14.00, p: 0.417

Stat: 20.00, p: 0.144°

Stat: 16.00, p: 0.265
Stat: 10.00, p: 0.735
Stat: 16.00, p: 0.265

Stat: 22.00, p: 0.030 | Stat: 17.00, p: 0.202

Stat: 21.00, p: 0.095°

Stat: 22.00, p: 0.030
Stat: 9.00, p: 0.798
Stat: 16.00, p: 0.265

Table 7 rank-sum tests

6.4 Tax Rate and Tax Revenue

A closer look at the individual data shows that some tax proposals imposing extra taxes on capital
stock saving for the future reflect a preference for a high level of current consumption rather than
for building up sufficient capital to surpass the threshold. The tax rate is determined by either one
or two players in our experiment. In all treatments, there is no government waste on tax, as the
tax revenue does not discount or decrease over time but grows at a 20% rate per period. Although
in treatments with inclusive political institutions, the majority of the subjects vote against such
proposals, the extractive political institution does not give a voting opportunity. The extractive
economic institution does not protect the tax revenue for the economy. Hence, the player who
decides tax faces a tradeoff between a high tax rate and low tax revenue. Generally, the high tax
rate leads to low capital investment in all sessions. Table 7 and 8 offers a more comprehensive
view of how tax rates and revenues vary across treatments.

Table 7 summarizes the percentile of the tax rate in each treatment. When only one player directly
decides the tax rate under an extractive political institution, the tax rate inclines to be set at a
higher level than under the inclusive political institution where the tax is decided by voting.
Another interesting finding is that the tax rate in treatment I-E is much lower than it is in all other
three treatments. The 75" percentile of tax rate in this treatment is 20% which is lower than the
median tax rate in all other treatments. This is reasonable because both proposers aim to gain a
majority vote so that she has the chance to steal tax revenue. This goal leads them to set a lower
tax rate and compete with the other proposer.

Treatment 25t 50t 75t Mean

i 15.0% 25.0% 50.0% 34.54%
ei 25.0% 45.0% 75.0% 50.57%
ie 5.0% 8.0% 20.0% 12.90%
ee 25.0% 35.0% 70.0% 44.67%

Table 8 Percentiles and Mean of Tax Rate in Each Treatment

Table 8 illustrates the distribution of tax revenue in each treatment. Even though the tax rate is
moderate in treatment I-I, it changed the highest tax revenue from the economy without

% Two sided test
10 Two sided test
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hindering economic growth. The ii treatment also has consistent median values in both tax rates
and tax revenues. The treatment E-E displays the most variability in tax rates but not necessarily
in tax revenues. It collects the lowest level of tax revenue, compared with other treatments.
However, the tax rate in E-E is the highest than any other treatment. Similarly, treatment E-I has
a relatively high tax rate, but it generates low tax revenue. This trend supports the finding that
economies under extractive institutions cannot accumulate enough capital to surpass the
threshold because players are afraid of being change high tax which can be stolen by the single
planner. On the other hand, treatment I|-E sets a lower tax rate than treatment E-l and it
consistently has the lowest median tax rates and tax revenues.

Treatment 25t 50t 75t Mean
i 4 10 23 15.76
ei 1 4 12 7.75
ie 0 1 3 3.60
ee 1 3 8 5.88

Table 9 Percentiles and Mean of Tax Revenue in Each Treatment

Next, tax plays a role in treatments with extractive political institutions allowing a planner, either
the one player to decide the tax rate in E-E or the proposer who received the majority vote in I-E,
to steal tax revenue in each period. Since under an extractive economic institution, an economy
has no property right, tax stealing impact the consumption and capital stock more negatively. We
first observed that the planner took a higher percentage of tax revenue in E-E than other planners
in I-E. This between-subject comparison indicates that competing with another player creates a
tension. This competition protects the economy from controlling by a single person. In contrast,
the single planner in E-E holds the authority to decide the tax revenue without threats from other
players.

Y=g+ B XTax + B, X Horizon2 + 3 X Horizon3 + -+

We also investigate the relationship between tax and other variables. Table 8 presents a
regression analysis in which the interested outcome variable—capital stock, consumption, and
utility—is regressed on the tax while clustering standard errors by horizon.

Capital stock K Consumption C Welfare U
Treatment | |- E-I I-E E-E I-1 E-I I-E E-E I-1 E-I I-E E-E
Tax 0.16 | -0.41 -0.30 | -0.15 | 0.23 | -0.17 -0.07 -0.23 | 5293 | -39.14 | -23.5 | -48.66

Table 10 The effect of the tax rate on Capital Stock level, Consumption, and Welfare (control the horizon fixed effect)

We first analyze the relationship between tax and capital stock in all treatments. In treatment
with an inclusive political institution where the tax is not determined by a single player, the effect
of tax on capital stock is not significant®. It can be explained by the random selection of tax
proposers in each period. No one can hold the authority over tax rates for the entire session.

1 |n treatment I-1, P value is 0.1017; and P value is 0.5242 for treatment I-E.
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Therefore, players are not urged to consume because they are not concerned about a consistently
high tax burden. However, in treatments E-l and E-E, the tax rate significantly decreases the capital
stock®? under extractive political treatment, as players are afraid of being charged tax. Also, the
single player decides the tax rate for all periods deterring the hope of other players who would
like to save more capital stock. It turns out that players consume more when the tax rate increases
under extractive political institutions.

The relationship between tax and consumption shows a different pattern. Not like two treatments
without property rights, only treatment I-1 and E-I have significant impact of tax on consumption
13 In treatment I-l, as tax rate increases, the consumption also increases, when else keeps
constant. However, in the treatment E-I, the trend flips----consumption decreases as the tax rate
is set higher. When players face extractive economic institution, they know that their property
(tax revenue) is not safely protected. In this case, the tax rate set by others does not significant
impact their consumption behavior. While under inclusive economic institution the consumption
behavior is impacted by tax, as players clearly known that their consumption decision directly
affect their capital in the future. Whether if it is negative or positive, depending on the political
institution.

Since the welfare is closed correlated with consumption, there is a similar pattern when we
investigate the relationship between tax and welfare. The tax rate significantly impacts welfare
only in treatment |-l and E-I1**: as tax rate increases, the welfare of players increases in Treatment
I-1, but the welfare decreases in Treatment E-I. This trend indicates that the high tax rate does not
always impede economy development when the institutions are inclusive, but it may reduce
welfare when the political institution is extractive. Comparing the percentile of tax rate in these
two treatments, we also found out that the tax rate set in E-lis higher than it in |-l at all 25, 50",
75" and mean levels. In other words, the extractive political institution pushes the tax rate to a
high level, which in turn decreases the welfare and hinders the economic growth.

6.4.1 Appropriation of tax revenue: treatment I-E VS. E-E

Table 9 classifies subjects according to their behavior in stealing tax revenue. Several patterns
emerge. First, when tax revenue collected from all players is positive, the vast majority of players
(55 out of 63, 87%) always take all tax revenue as their own, regardless of the amount of tax
revenue. Second, very few subjects do not take any tax revenue in any period: only 2 players in
Treatment I-E and 3 players in Treatment E-E. Third, there is a significant fraction of subjects (10%
in treatment I-E and 30% in treatment E-E) take partial tax revenue.

In treatment I-E, 30 periods out of a total of 93 periods analyzed, yielded no tax revenue. It's
crucial to note that this absence of revenue doesn't necessarily indicate a 0% tax rate. Instead, it
occurs when either the tax rate is relatively low, or the unconsumed capital stock is relatively

12 p = 0.0004 for both treatment E-l and E-E.
13 p value(E-E) = 0.3199; P value (I-E) = 0.2209; P value(l-1) = 0.0183; P value(E-I) = 0.0049
14 P value(E-E) = 0.1349; P value (I-E) = 0.2607; P value(I-1) = 0.0187; P value(E-I) = 0.0034
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small. Hence, when results are rounded to the nearest integer, the tax revenue equals to zero.
Similar patterns emerge in treatment E-E.

Since each session has different horizons, we mainly focus on the percentage as shown in table 9.
More percentage of periods have been stolen all tax revenue in treatment I-E than E-E. This could
be explained by the difference between political institutions. Players in I-E who take tax revenue
usually alternate and no one can be the stealer all the time. Players hence have the incentive to
always grab the profit as much as they can when there is a chance. However, in treatment E-E, a
single player can steal tax revenue all the periods. Considering the long-turn reward, this player
may partially sacrifice the tax revenue and try to keep the economy profit in a long turn so that
he or she can extract more from the tax revenue. Comparing the average welfare of players who
decide tax rates in treatment E-l and E-E, they earn 7111 in treatment E-l and 13571 in treatment
E-E.

Treatment I-E Treatment E-E
take all tax revenue 55(87%) 61(66%)
take partial tax revenue 6(10%) 28(30%)
take no tax revenue 2(3%) 3(3%)
Total number of periods when 63 92
tax revenue is positive
Total number of periods when 30 21
tax revenue is O

Table 11 Behavior in stealing tax revenue

6.5 Sources of Inefficiency

When actual capital stock K in the economy deviates from optimal trajectory K, it leads to

inefficiency. We call it capital inefficiency, @ The results show that Treatment I-I has the
t

lowest inefficiency at 26% and the E-1 has the highest one at 48%. E-E and I-E have inefficiency
at 44% and 36% respectively.

Even though the economy has enough amount of capital stock, it has a lower production level in
certain periods than the highest feasible production given the model predicts from the total
guantity of capital in the economy. As mentioned by Capra et al. (2009), an output inefficiency
arises because the capital stock in the economy is not optimally distributed among players.
Although the productivity of every player is slightly different, the aggregate production function
is the same for each period. This sub-optimally allocation prevents players who have higher
marginal products from producing more when the players with low marginal products hold
more capital stock. We define output inefficiency as the percentage deviation from the optimal
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F(Sikt)-%i filki)
F(Zikt)
11%, 31%, 13%, and 23% respectively.

output®, . In Treatment I-1, E-1, I-E, and E-E, the average of output inefficiency is

The third type of inefficiency we investigate is consumption inefficiency. The value of a given
amount of aggregate consumption is maximized when the units are allocated to agents in a
manner that equalizes the marginal utility of consumption among individuals. Given the current
level of consumption we observed in each period, we use a similar method to calculate the
optimal welfare level of consumption U(C;) and compare it with the actual welfare of
consumption that all players achieve in the period Y v;(C,) . Consumption inefficiency is the
U(C)-Yivi(cl)

U(Ce)
consumption efficiency losses 11%, 9%, 10%, and 9% in Treatment I-I, E-1, I-E, and E-E,
respectively. Compared with previous literature which uses communication and voting as
approaches, our institutions reduce this type of inefficiency. The comparison between
treatments |-l and E-E shows that extractive institutions cause less consumption inefficiency
than inclusive institutions.

percentage deviation from the optimal level of consumption, . The average

Non-optimal total capital stock in the economy leads to the last type of inefficiency. We call it
payoff inefficiency. For example, when the economy starts from 25 capital stock, assuming there
is no tax charge, there is a unique optimal trajectory. As the model predicts, once the economy
reaches the optimal steady state, it will not deviate from it. Then we can calculate the
inefficiency which is the percentage deviation from the actual payoff to the optimal payoff along
the trajectory. The average allocation inefficiency is 51%, 63%, 68%, and 64% in Treatment |-, E-
I, I-E, and E-E, respectively.

6.6 Which institution promotes equality?

The Gini coefficient is a measure of income inequality within a population. It ranges from 0
(perfect equality, where everyone has the same wealth) to 1 (perfect inequality, where one
person has all the wealth and everyone else has zero wealth). We also use capital stock
investment in each period to represent wealth.

Given a list of wealth from five players in each session, the Gini coefficient G can be computed
using the following formula: G=1-2xArea under Lorenz curve. Figure 5 illustrates the
distribution of the Gini coefficient across treatments. Comparing the four curves, we observe
that when both political and economic institutions are inclusive, the Gini coefficient is lowest at
any percentile in each period. It indicates that inclusive institutions promote equality in the
economy than other institutions and the wealth is less unequal under treatment I-1 than the

15 We use an algorithm to calculate for the optimal output. First, we start with the player that has the highest
marginal production (i.e., the increase in production for each additional unit of K). We allocate K in the economy,
which is ready to be produced for more K in next period be the input, to this player until they reach their maximum
production or until K is depleted. Move to the next player with the highest marginal production and repeat.
Continue until all of K is allocated or all players are at their maximum production.

26



other three treatments. The inequality is most severe in treatment E-l and E-E. Extractive
political institution drives the Gini coefficient higher than other inclusive political institution.

Distribution of Gini Coefficient Across Percentiles for Each Treatment

—— ii Treatment
—— ei Treatment
—— ie Treatment

ee Treatment

0.8

0.6

Gini Coefficient

0.4

0.2

0.0

Percentile
Figure 7 Gini Coefficient

7 Conclusion

We study experimentally the effect of the combination of institutions on economic growth. In
the experiment, subjects decide the tax rate, trade with others, and allocate their capital to
consumption and saving in several rounds. The experiment is conducted under four distinct
treatment conditions, including both inclusive and extractive political and economic institutions:
with both inclusive political and economic institutions; with one inclusive and one extractive
institution, with both extractive political and economic institutions. Our experimental design
randomizes individuals into economies only differentiated by the variety of institutions. This
between-subject design allowed us to study institutions in isolation and in combinations that
are rarely happened naturally. Moreover, the design offers a foundation for testing a variety of
institutions, paving the way for future studies.

We find that the combination of inclusive institutions, which has both political competition and
secure property rights on tax revenue, yields the best outcomes. In the economy, the capital
stock and consumption converge to the high income steady state more frequently with inclusive
institutions than with extractive institutions. There is high welfare and a high probability for the
economy to avoid the poverty trap, when institutions are inclusive. Compared to other
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treatments, the I-I combination also leads to the lowest inequality of the four institutional
combinations. Regarding to tax rate and tax revenue, the interplay of two inclusive institutions
also leads to the highest tax revenue as well as the highest welfare benefit from government
spending. It turns out that the high tax rate is beneficial for the capital stock accumulation in the
economy.

Conversely, extractive economic institutions, especially those with incomplete property rights,
lead significant challenges. When property rights in the economy becomes incomplete under
the extractive economic institution, some tax proposals imposing high taxes on capital stock
does neither help for saving nor build up sufficient capital to surpass the threshold but lead to a
high level of current consumption. Sometime, the economy even crashes due to the depletion
of capital stock. A more interesting finding is that the combination of inclusive political and
extractive economic institutions is more likely to lead the economy to escape from the poverty
trap rather than the combination of extractive political and inclusive economic institutions.
Overall, our results indicate that the interplay of different institutions plays an important role in
driving economic growth. Under treatment E-E where both institutions are extractive, the
economy yields significantly lower welfare than treatment I-I.

In conclusion, our findings underscore the vital role of institutional interplay in impacting
economic growth. The clear contrast between the welfare levels and consumption levels in
treatment with two inclusive institutions and two extractive institutions emphasizes the
profound impact of institutions on the economy growth.
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9 Appendix
9.1 Aggregate Consumption
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9.2 Aggregate Welfare
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9.3 Instructions

9.3.1 |Instruction for Treatment E-E

General Instruction

This is an experiment in the economics of decision making. The instructions are simple and if you
follow them carefully and make good decisions, you might earn a considerable amount of money
which will be paid to you in cash at the end of the experiment. The amount of payment you
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receive depends partly on your decisions, partly on the decisions of others, and partly on chance.
The currency used in the market is francs. All trading will be in terms of francs. The cash payment
toyou at the end of the experiment will be in dollars. The conversion rate is 1500 francs to 1 dollar.
Once the experiment has started, no one is allowed to talk or communicate in any way to other
participants. Anyone who violates this rule will lose his or her right to payment.

Basic Concepts

The experiment will consist of a sequence of periods. At the beginning of each period, you will
begin with cash on hand of 10,000 francs. You will also be given 5 units of a good called K on a
one-time basis at the beginning of the experiment.

During each period, there will be an open market where you can buy and sell units of K.
Purchasing K will decrease your cash balance, while selling K will increase it. The profits you make
in a period will depend, in part, on your buying and selling activity.

In addition, you will have a chance to choose how many units of K to consume. How much K you
consume during a period will also in part determine your earnings for the period. The K you do
not consume can grow and can be sold or consumed in future periods.

Your earnings in a period are equal to the amount of cash you have after buying and/or selling K
minus the cash you began the period with, plus the earnings you receive from the consumption
of K. A detailed explanation of how to buy, sell and consume units of K is given later on in these
instructions.

Each period is divided into stages. In stage 1, one person will be randomly selected to decide a
tax rate on K. The tax rate will be implemented. In stage 2, you can buy and sell units of K. In stage
3, you can decide how much of the K you want to consume. Any K that remains unconsumed after
consumption will be taxed based on the proposed tax rate. The K that remains after taxes will be
converted into a different quantity of K that you will start the next period with. In stage 4, the one
who decide tax rate has chance to take partial or all tax as own.

Stage 1: Tax Proposal

In this stage, one of you will be randomly selected to propose a tax rate. The person chosen is the
Proposer for the period and will see the following screen:
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You are selected to propose a tax rate. You are Player 3

Player 1 has 5 units of K
Player 2 has 5 units of K
Player 3 has 5 units of K
Player 4 has 5 units of K
Player 5 has 5 units of K

The tax rate can range from 0% to 100%
Please enter a tax rate in the following box: number from 0 to 100
Please note your proposal is Proposal B
Your proposed tax rate is:

The proposer needs to submit a tax rate ranging from 0% to 100%. The tax rate is the percentage
of the K that every individual has that will be collected. It is the same percentage for everyone
and the number of units of K collected is based on the number of units of K each individual holds.
Note that the proposer is exempt from tax payment.

After the tax is collected, the proposer has chance to take partial or all tax amount as own. And
then the rest of tax amount collected from all players together will then be increased by 20% by
the experimenter. Then, the increased tax amount will be returned to all players including the
proposer, with each player receiving an equal share of the total increased tax amount. For
instance, if the total collected tax amount of all individuals is 8, then the increased tax amount
would be 8 + 8 * 20% = 8 + 1.6 = 9.6. Each player would receive a payment of 9.6/5 = 1.92.

All taxes of K collected and K paid out to individuals will be rounded to the nearest integer.

NO new proposers will be chosen randomly in each period. That means that the Proposer chosen
in first period will decide tax rate in each period for the whole session.

Stage 2: Buying and Selling Units of K

The picture shown below is a copy of the first screen that you will see during Stage 2 of each
period of the experiment. At the top of the screen you can find the Period number, the Total
Earnings you have in francs and the Remaining Time in seconds that you have to complete Stage
2. Below this information, you will find the number of Units of K you hold, indicating the number
of K that you currently have. You will also find the Units of K in the Economy, which is the total K
that all five players currently have. You will also see your Cash Balance, indicating how much cash
you currently have available for transactions.
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Units of K you hold K in the economy Current Cash Balance
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Stage 3: Redemption Value Sheet and Consumption

The Redemption Value Sheet shows the value in francs from consuming units of K in a given period.
The first column labeled Units of K numbers the units from 0 through 20. The column labeled Unit
Value indicates the additional amount of francs you receive from consuming the unit indicated in
the same row in the first column. The column Total Value shows the total amount of francs you
receive for consuming the quantity shown in the corresponding row in the first column. Notice
that if more than 20 units of K are consumed, the value is the same as for 20 units, indicating that
there is no additional value from consuming more than 20 units in a period. The computer
calculates your earnings in francs automatically.

Any unconsumed K will be charged tax. The tax proposer is exempt from taxation. has chance to
take partial or all tax as own.

Stage 4: Production

After you make your consumption decision in stage 3, the amount of K that remains is subject to
taxation. The total tax revenue collected from everyone is the sum of all the individual taxes. The
proposer who decided tax rate has control over the total tax revenue. He/She may choose to
allocate a portion or all of the revenue to themselves.

The remaining K after paying tax, will be carried over to the next period. This K will be
automatically converted to possibly more K in the next period. The amount that it is converted
into is based on your Production Schedule. Thus, the amount of K you will have at the beginning
of next period depends on the remaining K you have after consuming at the end of the current
period and on your Production Schedule.
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Under the column labeled Remaining K you will find the number of units of K you have remaining
after your consumption decision. The number in the column labeled K at Market Open Next
Period is the amount of good K that will available to you at the beginning of next period. The
calculation for determining how many units of K you have in the next period is done automatically
by the computer.

When the total amount of K that the whole group has at the beginning of each period is less than
or equal to 30, use the second column of the Production Schedule to determine the amount of K
that will be available to you at the beginning of next period.

When the total remaining K in the economy exceeds 30, then you should use the third column of
the schedule. In determining which column of the schedule is used, the total K in the Economy is
measured at the beginning of stage 1.

Notice: The production schedule indicates that everyone will potentially grows more K and earn
more money if the amount of K that the whole group has exceeds 30.

Summary of Period Earnings

At the end of each period, the screen you see will display a summary of the activity in the period.
It will indicate your earnings in francs for the period and your total earnings in the experiment
thus far. Remember that earnings for the period in francs are given by the cash endowment
remaining after trading, minus your cash endowment at the beginning of the period, plus your
earnings from consumption. That is:

Earnings for a period = cash endowment remaining after trading — 10,000 + period earnings from
consumption

Ending the Experiment

The period in which the experiment ends is determined in the following way. After each period,
a 10-sided die determines if the experiment continues. If the die comes up with number 1 on the
first roll, then the game will end after the first period and there are no more die rolls. Otherwise,
if the die roll results in a number from 2 to 10, the experiment will go on to the next period, and
the die is rolled again. If the die comes up 1 on the second roll, the experiment will end after
period 2, etc.... In other words, in any given period, there is a fixed 10 percent chance (the odds
are 1in 10) that the experiment ends right after the current period. There is always a 90 percent
chance that there will be at least one more period after the current one.

However, if the experiment ends with more than 20 minutes remaining during the time for which
you have been recruited, we will run another experiment. We expect to run several experiments
today. In each experiment, you will always begin period 1 with the same number of units of K.

Notes on Timing of Activity

If you sell or consume too much K in the early periods, you may not have enough remaining to
consume as much K as you would like in the later periods. In this case, you are free to try to
purchase K from other participants. If you sell or consume too little K in the early periods, the
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experiment may end before you receive enough earnings from consumption. If you find yourself
with more K than you want, you are free to try to sell it to other participants for cash.
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