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Abstract

What causes a government to adopt a new program or policy? Despite a large
number of empirical studies available to date, the relative importance of various
determinants remains obscure because of difficulties of statistical identification. We
present an experimental setting to study the diffusion of policy innovations in the
laboratory. Our approach discriminates between experimentation, experience, and
emulation as determinants of policy adoption. The policy innovation we study is an
internalization tax to mitigate a local market externality. Our results demonstrate
the importance of information about innovations in other states in the diffusion of
policy innovations.
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1. Introduction

What causes a government to adopt a new program or policy? Ever since the semina
studies by Walker (1969) and Gray (1973), the study of state policy innovation has been a
major topic in political science (see Savage 1985, Berry 1994 for surveys). Today, the spread
of a policy innovation is usualy explained by referring to two groups of determinants (Berry
and Berry 1990). According to the first group called "internal determinants’, social,
economic, political and other characteristics of a state determine a state’'s innovativeness.
According to "regional diffusion”, the probability of a state adopting a particular policy is
higher if neighboring states have already adopted the policy. While the early literature has
analyzed the two groups of determinants separately, the current practice is to analyze the two

groups jointly, using event history analysis (EHA).

This practice has recently met with growing criticism on three grounds. First, it is
criticized on purely statistical-analytical grounds. If, for example, neighboring states are
similar in some unobserved dimension, and if this dimension affects the decision to adopt a
policy, regional patterns of policy adoption may be misinterpreted as regional diffusion.
Limitations of the EHA approach have been pointed out, raising doubts about the validity of
conclusions drawn from EHA. In particular, discriminating internal determinants from
diffusion seems to be more critical on statistical grounds than previously thought (Frant 1991,
Mooney 2001, Myers 2001).

Second, it is criticized that much of the literature has been more concerned with
showing whether policy diffusion exists at all, and less with the factors determining policy
diffusion. In contrast to the mere spread of a policy, genuine policy diffusion involves policy
emulation which according to some authors necessarily involves communication between
states. For example, Rogers (1995: 5) notes. "Diffusion is the process by which an innovation
is communicated through certain channels over time among the members of a social system”.
Severa researchers have indeed provided investigations into the role of information flows in
policy diffusion (Canon and Baum 1981, Mintrom and Vegari 1998). Studies on the role of
political leaders and state officials (Caldeira 1985, Grupp and Richards 1975, Menzel and
Feller 1977) suggest that "laggards” take cues from early adopters.

Third, it seems to be amost impossible to disentangle different mechanisms in the

diffusion of policy innovations. While it is quite plausible that political decision makers



emulate policies and take cues from other states, alternative explanations seem equally
plausible. For example, political economists have argued that policy innovations are adopted
because of interstate competition for mobile production factors or because of other spillover
effects (Besley 2000, Feld 1997, Heyndels and Vuchelen 1998, Karch 2001, Ladd 1992). In
addition, it has been noted that the spread of policy innovations may not only be affected by
horizontal factors (operating from state to state), but may also be determined by vertical
factors, involving federal government (Smith 2001, Welch and Thompson 1980). Finally, the
empirical study of policy diffusion is difficult because early adopters may later renounce the
policy (Eyestone 1977), and the substance of a policy innovation may be massively altered in
spreading from state to state (Glick and Hays 1991). In view of these criticisms, the evidence
on the existence and the determinants of policy diffusion looks weak and inconclusive
(Mooney 2001, Myers 2001, Smith 2001).

This paper suggests an experimental approach to policy diffusion to shed new light on
the role of information in the adoption of policy innovations. We present an experimental
setting with severa "laboratory states'. Each state consists of an independent economy and
polity. That is, citizens of each state have the discretionary political power to adopt a policy
innovation. Citizens earn incomes in a market, but the market generates a local externality.
Citizens vote in a referendum on the adoption of an internalization tax to mitigate the
externality and to improve market efficiency. We study the adoption of a tax policy
innovation over a series of referenda in two conditions which exclusively differ with respect
to whether citizens are informed about innovation decisions and innovation outcomes in other
states.

Our experimental approach has several advantages over field studies. First, by holding
all potential internal determinants constant across states we discriminate interna determinants
from regional diffusion. Second, we are able to unambiguously isolate the role of information
in the process of policy diffusion. In particular, we discriminate between policy
experimentation, experience, and policy emulation as factors contributing to the spread of the
tax policy innovation. Third, we hold the substance of the policy constant over time, and by
making state economies fully independent we discriminate the effect of information from
other factors potentially promoting diffusion, like inter-jurisdictional competition and

spillovers.

Our approach to policy diffusion is novel, and has important advantages over other
modes of empirical investigation. In particular, we unambiguoudy identify the role of



information flows in policy innovation by applying experimental techniques (on the use of
experimental methods in political science see Kinder and Palfrey 1992, Lupia and McCubbins
1998, McDermott 2002). While our experimental study is explorative in nature, we believe
that the experimental approach to policy innovation usefully complements field studies like
EHA and simulation studies (e.g., Kollmann et a. 1997, 2000).

We proceed as follows. Section 2 describes the experimental design, and explains the
advantages of an experimental approach to the diffusion policy innovation. Section 3 reports
the results, and section 4 concludes.

2. Experimental design

Section 2.1 provides a broad description of the experiment, section 2.2 explains the
parameters and predictions for the market, and section 2.3 provides detailed information about

the political decision to be taken in the referendum.

2.1. General description

The basic unit of analysisin our experiment is a "state". In each state, there is a number
m of participants (henceforth "citizens"). Citizens are immobile, in the sense that they remain
in the same state throughout the experiment. All citizens are voters who decide on the
adoption of a policy innovation by majority vote. The economy in each state consists of a
market, and citizens earn incomes by trading on the market. However, trading causes an
externality. That is, each unit traded in the market reduces incomes for the other m - 1 citizens
in the state. If citizens do not take this externality into account, market activity is predicted to
be inefficiently high. State economies are independent in the sense that trading in one market
does not (directly) affect outcomes in other markets. In particular, there are no spillovers
between markets and, therefore, externalities are purely local. In each state, a referendum on
the adoption of a policy innovation® is held. The policy innovation is a tax on externality-
generating market transactions. Hence, the policy innovation is efficiency-enhancing in
equilibrium, and a majority of citizens benefits from the policy innovation in equilibrium.

1 According to Walker (1969: 881) a policy innovation is a "policy which is new to the states adopting it, no
matter how old the program may be or how many other states may have adopted it."



There are two treatments which exclusively differ with respect to the availability of
information about adoption decisions and about policy outcomes in other states. In T(full),
full information about adoption decisions in all states is available, while in T(no) no such
information is available. Hence, policy emulation is possible in T(full) but not in T(no).
According to Rogers (1995: 18) emulation is key to diffusion. He notes that "the heart of the
diffusion process consists of the modeling and imitation by potential adopters of their network
partners who have adopted previously". In T(full), each participant is informed about whether

the policy innovation was adopted and about average income in each state (see arrows in

figure 1).
Figure 1: [llustration of treatment conditions
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Participants have private information about market parameters. That is, participants only
know their own market valuations for the traded good. This implies that participants cannot
predict the market consequences of adopting the policy innovation in equilibrium. While
voters cannot ex ante determine whether the policy innovation is to their benefit, they may
learn over time whether it isin their material self-interest to implement the policy innovation.
We have chosen a sequence of voting and trading that alows for learning along three
dimensions (see below for explanations). Figure 2 shows that, after an initia phase O, there

are three main phases. Each main phase starts with a referendum on the implementation of the



policy innovation. If the policy innovation is accepted by a majority of voters, the tax islevied
for the consecutive 15 market periods. If the innovation is reected, no tax is levied for the

consecutive 15 market periods.

Figure 2: Sequencing of phases
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It is important to note that we hold internal determinants constant across states. In our
experiment, all 5 states are identical, and voters have the same (induced) preferencesin all 5
markets. By virtue of our experimental design, we can exclude several aternative expla-
nations for the diffusion of policies. In particular, there are no spillovers between states. Note
also that the link between the markets/states of each country is purely informational, and does
not, for example, involve aspects of inter-jurisdictional competition or other strategic aspects.
Holding the properties of the policy innovation constant throughout the experiment facilitates
learning. In contrast, it often takes several decades for policy innovations to spread across
states in the field which may create important structural breaks affecting the "attractiveness"

to adopt a policy innovation.

From the perspective of participants, experimentation is risky, as explained above.
However, policy emulation, in the sense of imitating a state which has successfully adopted a
policy innovation is risky, too. The reason is that subjects do not know that other markets
have exactly the same cost and value structure as their own market. However, they do know
that the situation is similar in other states. In particular, they know that an externality problem
prevails and that the decision is about the adoption of atax policy innovation in other states,
too. Hence, given this imperfect information, subjects have to learn about the relevance of the
information revealed in other markets for their own market. Finally, subjects not only have
limited information about the market parameters in their market and about the prevailing
conditions in other markets, they also lack perfect information on the temporal structure of the
experiment. In particular, they do not know how many main phases consisting of a

referendum and 15 market periods are implemented. This limited information attenuates
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possible free-riding incentives as postulated by Kotsogiannis and Schwager (2001) and
Strumpf (2002). Not knowing how many opportunities there are to learn from others
decisions reduces the incentives for voters in one state to adopt a "wait-and-see" policy,
thereby increasing incentives for policy experimentation.

We use an internalization tax as an example of a policy innovation. We can, by virtue of
experimental techniques, predict and observe whether this innovation is efficiency-increasing,
and who stands to gain from its implementation. This ability to control constitutes an
important advantage over research with field studies where efficiency and distributional
properties of particular policies are largely unknown. As a consequence, field studies can, in

general, not determine whether a particular policy should be adopted on efficiency grounds.

2.2. Parametersand predictionsfor the experimental markets

The market we implement is a computerized two-sided auction with m = 5 human
buyers and automated sellers (see instructions in appendix A). In all our experimental markets
we use the parameters shown in figure 3. The figure depicts the induced demand (D), the
private cost function C,, and the social cost function Cgc. Each buyer can at most buy one
unit. In each market there is one high-valuation buyer with a value of v; = 140, and four low-
valuation buyers with v; = 60. Buyers earn income by trading. A buyer’s income is higher if

he buys at a lower price. In particular, buyer i’s gross income is his value minus the market
price (71=Vi - p).

Trading causes externa effects. In particular, a marginal external cost of Ce: = 90 adds
to the private cost of C, = 10, and results in constant social cost of Csc = 100. All m=5
market participants are equally affected by the externality. Hence, the per-capita external cost
per unit traded is Ce / m= 18 points.

In the absence of taxation, the supply is horizontal at C, = 10. In competitive
equilibrium five units are traded (g* = 5) at a price of p* = 10 (see figure 3). Note that the
equilibrium quantity g* = 5 is the only Nash equilibrium outcome. To see this, note that
buyer i’s transaction causes total external costs of Cey. Of this, afraction Ce/m fals back on
i. By submitting bids smaller than the difference of their value and the per-capita external cost
[Vi— (Cext / 5)], buyers gain from trade. Thisimpliesthat it is abest reply for each buyer to buy
at the equilibrium price at p*. Since the automated sellers are programmed to ask their true

cost, and to accept and bid above private costs, buyers always have an incentive to trade.



Figure3: Market parameters
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In equilibrium, the distribution of rents is uneven. The high-valuation buyer’'s net
income per period is 40 points (= a value of 140 minus the equilibrium price of 10 minus the
per-capita external cost for g* = 5 units). In contrast, each of the four low-valuation buyers
faces a gross loss of 40 points in equilibrium. For practical purposes, we want to avoid that
subjects incur losses from trading. To exclude losses, low-valuation buyers receive a flat fee
of 50 points per period. Since this fee is paid independent of behavior, it does not affect

optimal choices.

In the absence of the policy innovation, the market outcome in equilibrium is highly
inefficient. Efficiency is measured as the sum of total market rents. In competitive
equilibrium, the social cost of production is 500 (= g* X Csc), and the sum of private
reservation values is 380 (= 140 + 4 x 60) points. Hence, efficiency in the absence of the

policy innovation is—120.

If the policy innovation is implemented, atax of 90 pointsis levied on each unit traded.
This shifts the supply curve to the level of social cost and reduces equilibrium quantity to one
unit, gux* = 1. As a consequence, the equilibrium price increases by the full amount of the tax
to a price of pux* = 100 (see figure 3). In equilibrium, the policy innovation is efficiency-

enhancing in the sense that it increases the sum of rents. The gross income of the high-



valuation buyer is 22 (= 140 — price of 100 — per-capita externality of 18). The gross income
of each low-valuation buyer is -18 (= per-capita externality of —18). Hence, the sum of rents
with the policy innovation is —50 (= 22 — 4 x 18). Therefore, the policy innovation induces a
considerable efficiency increase (from —120 to -50).

Note that low-valuation buyers gain from the policy innovation. Because of the
reduction in external cost, equilibrium gross payoff increases from —40 to —18 points. In
contrast, the high-valuation buyer loses from the policy innovation. His equilibrium payoff
falls from 40 to 22 points. The distributional effects of the policy innovation imply that only
low-valuation buyers have an incentive to vote for the policy innovation. The reason why the
policy innovation does not result in a Pareto-improvement (making everybody better off) is

that we do not redistribute tax revenues to keep the experiment cognitively simple.

The market mechanism we use is a uniform-price sealed bid/offer auction (see Smith et
al. 1982 for a detailed description). In this auction, human buyers can submit integer
numbered bids not exceeding redemption values. The automated sellers are programmed to
offer their units equal to the true unit costs assigned. Computerization of the sellers’ market
side makes the allocation procedure in the market strikingly ssmple. In the market without tax,
any bid greater or equal to 10 is accepted. In the market with the tax, only the high-valuation
buyer can submit an acceptable bid above or equal to 100. The market quantity is the number
of accepted bids, and the uniform market price is set equal to the lowest accepted bid.

2.3. Policy innovation and policy emulation

At the beginning of the experiment, subjects are handed out detailed instructions on the
proposed policy innovation (see appendix B). At the beginning of each main phase, a
referendum is held (see figure 2). All participants (i.e., the buyers) vote, the automated sellers
do not vote. In the referendum, each buyer in the market votes either Yes or No, abstentions

are not possible. The policy innovation is adopted if a majority of voters approves.

At the beginning of each main phase, subjects are given 10 minutes to take their voting
decision. During this time they review information on the past phase. The computer shows
information on past market prices, quantities, the per-capita externalities, accumulated and
per-period earnings and the average per-capita income within the market. In addition, in

T(full) subjects are provided with information about which of the other markets have accepted



or rejected the policy innovation and about the resulting average per-capita income in each of

the other four markets.

Differences in the rate of policy innovation over time can in principle be explained by
three factors in our setting: experimentation, experience, and policy emulation. By
experimentation we mean that voters in states which have not yet adopted the policy giveit a
try. By experience we mean that those who adopted the policy innovation take their decision
in the next referendum according to the experience they made with the innovation. By policy
emulation we mean that states who have not adopted the policy innovation so far, but were
able to observe other states who have, adopt the policy if they see that it is more successful

than non-adoption.

The design lends itself to isolate the effects of experimentation, experience, and policy
emulation. In phase 0, policy innovation is not possible by design, and this phase serves as a
benchmark to measure the efficiency-increasing effects of policy innovation. Phase 1 serves
to measure the effect of experimentation in both treatments. Since subjects do not have
sufficient information to actualy calculate the effect of the policy innovation on market
incomes, they must give it a try if they want to find out. However, note that it is in the
material self-interest of the low-valuation buyers to vote for the policy innovation, but it isin

the material self-interest of the high-valuation buyers to vote against the policy innovation.

Phase 2 serves to isolate the effect of policy emulation by comparing outcomes across
phases and treatments. States who have not adopted the policy in phase 1 of T(no) but who do
adopt in phase 2 do so because of experimentation. In T(full), those who have not adopted the
innovation in phase 1 but who do adopt in phase 2 do so because of either experimentation or
emulation. Given that experimentation is equally common in the two treatments, an across

treatment comparison isolates the effect of emulation.

The effects of experimentation, experience, and emulation can be measured in terms of
referendum and market outcomes (see sections 3.1 and 3.2) or in terms of voting decisions
(see section 3.3) in our design. This distinction is important because a particular determinant
may, for example, strongly affect individual voting but because of majority requirements only
weakly affect referendum and subsequent market outcomes.

10



3. Results

In total, 115 students from the faculties of science, arts, and theology participated in our
experiment at the University of Innsbruck, Austria. Subjects on average earned about €15
(including a show-up fee of €4) within approximately 80 minutes. The experiments were

programmed using the software zTree (Fischbacher 1998).

The main results are that market outcomes reliably converged to theoretical predictions
(section 3.1.), that policy emulation induced about a quarter of the states to adopt the policy
innovation and caused corresponding efficiency gains (section 3.2.). In section 3.3., we take a
closer look at individual voting behavior to account for observed referendum and market

outcomes.

3.1. Market outcomes

We find that the experimental markets under study have a strong tendency to produce
equilibrium outcomes. Markets in which the policy innovation is not implemented have
average prices that quickly converge from above to the prediction of p* = 10 (see figure 4).
For example, without tax the average price over al periodsin phase 0 is 18.5, in phase 3 it is
10.8. This observation is in line with investigations of similar experimental markets with
externalities (e.g., Plott 1983, Harrison et a. 1987). Quantities are also relatively close to the
prediction of g* = 5, and as a consequence, efficiency is low. In phase 0, when the policy
innovation is not feasible by design, average traded quantity is 4.7, and efficiency isat —111.8,
which is aready quite close to the prediction of —120.0. In phase 3, markets without tax
converge even closer to the predictions. For example, the average quantity traded in markets

without tax in phase 3is4.9, and average efficiency is—116.4.

In markets with the policy innovation, average transaction prices do converge to the
theoretical equilibrium of p* = 100, but convergence is somewhat slower than in markets
without the tax. The average transaction price in phase 1 is 109.6, in phase 3 it is 103.5.
Average efficiency is — 44.2 in phase 1, and — 39.4 in phase 3. Hence, deviations from
equilibrium are somewhat larger than in the case without tax. The reason is that when atax is
levied on transactions, only one active buyer (the high-valuation buyer) remains in the market.
Obvioudly, a market with one buyer is less effective than a market with five active buyers in

bringing about equilibrium outcomes. However, note that efficiency is clearly higher with
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than without the policy innovation. Over all phases, efficiency is by 71.2 units higher with
than without the policy innovation. Thisis very close to the predicted change in efficiency of
70.0 units.

Figure4: Average transaction prices
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with innovation T(no)
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The distributional effects of the policy innovation are close to theoretical predictions,
too. Importantly, every single low-valuation buyer in fact gains and every high-valuation
buyer loses from the policy innovation in comparison with the situation without tax.
Therefore, a majority of voters (i.e.,, 80 percent) gain from the policy innovation. We
summari ze the preceding discussion as follows.

Result R1:  Experimental markets reliably equilibrate irrespective of whether the policy

innovation is adopted or not. As a consequence, the policy innovation is
efficiency-enhancing and increases incomes for a majority of voters.

Result R1 sets the stage for our analysis below. Only if the policy innovation indeed is
efficiency-enhancing can we expect more widespread adoption to trandate into efficiency
gains. Moreover, only if a majority of voters actualy gains from the innovation should we
expect policy diffusion among rational and self-interested agents. As has been shown above,
both of these preconditions are met in our study.

12



3.2. Information and policy diffusion

Differences in the rate of policy innovation over time can in principle be explained by
the three factors in our setting: experimentation, experience, and policy emulation. The effect
of these factors on referendum and market outcomes can be assessed by comparing the two
treatments in the four phases. A more detailed analysis of voting behavior is provided in

section 3.3.

In phase O, policy innovation is not possible in either treatment by design. Since the two
treatments are structurally identical in this phase, we expect no behaviora difference across
treatments in phase 0. In fact, the average number of units traded [4.8 in T(no), 4.8 in T(full),
p = 0.767], average market prices [16.4 in T(no), 17.3 in T(full), p = 0.518], and efficiency [-
112.7 in T(no), -111.8 in T(full), p = 0.768] are satistically indistinguishable across
treatments according to Mann-Whitney tests.

In phase 1, policy innovation is possible in both treatments. Since the first referendum is
the first opportunity to accept the policy innovation, participants had no opportunity to learn
from their own experience, and policy emulation is not yet possible in T(full). As a
consequence, differences in the rate of policy innovation can exclusively be attributed to
differences in subjects’ propensity to experiment. The rate of policy innovation is dlightly
higher in treatment T(no) than in T(full). In particular, in T(no) 38 percent (= 3/8) of states
adopt the innovation while in T(full) the adoption rate is only 27 percent (= 4/15). These
differences in adoption rates translate into differences in market outcomes. Figure 5 shows
normalized efficiency in the two treatments over all phases. Efficiency is normalized such that
equilibrium efficiency without the policy innovation is set equal to 0, and equilibrium
efficiency with the policy innovation is set equal to 100. As can be seen, average market
efficiency is dlightly higher in T(no) (40.9 percent) than in T(full) (32.0 percent) in phase 1.
However, efficiency is not significantly different in the two treatments (Mann Whitney, p =

0.455). We conclude that experimentation had no significant effect in the two treatments.

13



Figure5: Average efficiency in percent (normalized)
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Phase 2 provides the main test for the importance of policy emulation in the diffusion of
policy innovation. In T(full) 73 percent (= 11/15) of states accept the proposal in phase 2. This
is a significant increase in comparison to phase 1 where only 27 percent adopted the policy
innovation (McNemar Change test, p = 0.035). In contrast, in T(no) the percentage of
adopting states does not change significantly (the increase from 38 percent in phase 1 to 50
percent in phase 2 is not significant according to a McNemar Change test, p = 0.750). To
isolate the causal effect of policy emulation on policy innovation we first calculate the
percentage of those who have not yet experienced the effect of innovation, but adopt the
policy in phase 2 in T(full). Out of the 11 states in T(full) which have not experienced the
policy innovation in phase 1, 64 percent (= 7/11) do adopt in phase 2. In T(no), 5 states have
not adopted the policy innovation in phase 1. Of these, 2 states adopt in phase 2. Therefore,
the rate of policy innovation due to experimentation is 40 percent (= 2/5) in T(no). Since
experimentation was found to have the same effect in both treatments, the difference between
these two percentages isolates the effect of emulation on policy innovation. We conclude that
emulation caused 24 percent (= 64% - 40%) of states to adopt the policy in phase 2. Because
the policy is efficiency-increasing, the differences in the rate of policy innovation trandate
into corresponding differences in efficiency in the two treatments. In particular, normalized
efficiency increases from 32.0 in phase 1 to 67.5 in phase 2 in T(full) while the corresponding

14



increase is only from 40.8 to 48.1 in T(no). Therefore, the efficiency increase of 28.2 points
[(67.5-32.9) - (48.1-40.8)] from phase 1 to phase 2 is caused by policy emulation.

Phase 3 analogousdly isolates the effect of policy emulation by measuring the differential
outcomes in phase 2 and phase 3 across treatments. Since more markets have adopted the
policy, and some states have repeatedly adopted the policy, the states which have not yet
adopted the policy can now base their emulation decison on a broader informational
(statistical) base. While this leads us to expect a higher rate of emulation in phase 3, the
number of potential variations necessarily shrinks in phase 3, making statistical inference less
powerful. We find that of those states which have not adopted the policy in T(full) in phase 2,
again 50 percent (= 2/4) do adopt in phase 3. In T(no), the corresponding figure is 25 percent
(= 1/4). We conclude that emulation caused 25 percent (= 50% - 25%) of the states to
emulate the policy innovation in phase 3. As can be seen from figure 5, normalized efficiency
increases in T(full) from 67.5 percent in phase 2 to 81.8 percent in phase 3. In contrast,
normalized efficiency dightly fals in T(no) (from 48.1 in phase 2 to 46.2 in phase 3, see
figure 5). In al, the option to emulate policy innovations in T(full) leads to a significantly
higher efficiency in T(full) than in T(no) in phase 3 according to a Mann Whitney test (p =
0.028).

Result R2:  Policy emulation causes higher rates of policy innovation (of about 25 percent
of the states), and induces a corresponding efficiency gain in adopting states.

3.3. Analysis of individual voting behavior

We now assess the relative importance of experimentation, experience, and emulation
for individual voting decisions. This analysis serves to detect whether the importance of
determinants is affected by aggregation. In the following, we restrict our analysis of
individual voting behavior to low-valuation buyers.? The reason is that these buyers are
predicted to gain from the policy innovation and, therefore, these voters have a materia

incentive to approve of the policy innovation.
A) Experimentation

In the 1% referendum, votes for the innovation can be attributed to experimentation in
both treatments. In T(full) 35 percent (= 21/60), and in T(no) 47 percent (= 15/32) vote for the
innovation. We do not find strong support for the free-riding hypothesis (e.g., Strumpf 2002)

2 Thisisfor the ease of exposition. High-valuation buyers' decisions are qualitatively similar.
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since the rate of experimentation is not significantly lower in T(full) than in T(no) in phase 1
(p = 0.787, Chi-square test). However, this may be due to subjects’ limited information about
the temporal structure of the experiment. Experimentation can be isolated by those who were
in non-innovating states in previous phases but who adopt the innovation in the current phase
in T(no). Accordingly, 45 percent (= 9/20) approve because of experimentation in the 2™
referendum and 56 percent (= 9/16) do so in the 3" referendum. We conclude that the overall
rate of experimentation is mostly below but close to what would have resulted from random
voting decisions (i.e,, 50%), and relatively stable over phases. Note that because these
percentages constitute a minority of votes in many cases, experimentation induces relatively

little adoption of the policy innovation.
B) Experience

The effect of experience on voting behavior is measured by the percentage of those who
approve in the current phase upon having adopted the policy innovation in the previous phase.
In phase 2 of T(no), the effect of experience is 67 percent (= 8/12) and in phase 3 the
corresponding figure is 63 percent (= 10/16). In T(full), the corresponding figure for phase 2
is 50 percent (= 8/16), and 67 percent (= 24/36) for phase 3. Hence, up to two thirds of those
who experienced the beneficial effects of the policy innovation vote in order to uphold the
innovation in later periods. Since experience on average induces a majority to vote for the
policy innovation, thisimplies that the innovation is usually upheld once it is adopted. In fact,
71 percent (= 12/17) of the markets that adopt the policy in the 1% or 2™ referendum uphold

the innovation in all following referenda.
C) Emulation

In principle, the effect of emulation on individual voting behavior can be measured in
two ways. The first consists in calculating the percentage of those approving among those
who have no previous experience in T(full), and subtracting the percentage of Yes votes
among those without experience in T(no) in a given referendum. This, of course, assumes that
the willingness to experiment is the same in the two treatments (as is approximately the case,
see A) above). This measure yields an effect of emulation of 12 percent in the 2™ referendum,
and of 19 percent in 3 referendum. Comparing these effects of emulation on individual
voting with the effects of emulation on the actual rate of policy adoption shows that the latter
effect was dlightly stronger (25 percent). Therefore, aggregation induced a slight bias in favor
of policy adoption. This is not too surprising since subjects voted for policy innovation in
T(no) at rates of or below 50 percent, but at rates of about 60 percent in T(full).
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A second way to assess the effect of emulation on individual voting behavior is to test
whether the incidence of "learning” (i.e., switching from No to Yes) is significantly higher
when emulation is possible than when it is not possible. Table 1 shows the voting decisions of
inexperienced low-valuation buyers, i.e., the voting decisions of those who have not adopted
the innovation previously. The first number in each cell refersto T(full), the second number to
T(no). For example, the number of inexperienced voters who voted Y es in both the 1% and the
2" referendum was 9 in T(full) and 5 in T(no) (see upper left cell of table 1).

Tablel: Voting decisions of inexperienced low-valuation buyersin treatment
T(full) / T(no)

2" referendum 3 referendum
#Yes #No #Yes # No
< #Yes 9/5 2/3 3/2 0/2
1 referendum
#No 19/4 14/8 5/4 414

The left part of table 1 shows that there were 44 inexperienced subjects in the 2™
referendum in T(full). In this treatment, 19 subjects changed voting behavior from No to Yes
while only 2 voters changed from Yes to No. This difference is highly significant (p = 0.000,
McNemar change test). In contrast, from atotal of 20 inexperienced subjects in T(no) only 4
changed correctly from No to Yes, and 3 changed from Yes to No. Hence, there is no
significant learning effect in condition T(no) (p = 1.000). In the 3" referendum the number of
inexperienced subjects decreases in both treatments and limits the power of statistical testing.
Yet, a comparison between the 1% and 3" referendum yields p-values for McNemar change
tests of p = 0.063 in T(full), but of only p = 0.688 in T(no). We conclude that policy
emulation induced votersto vote for the innovation.

Result R3:  Experimentation generally explains less than 50 percent of votes for policy
innovation, inducing relatively little innovation in majority voting. Experience
induces about two thirds of voters to approve of the innovation, causing
adopting states to mostly uphold the innovation. Policy emulation significantly
increases the tendency to vote for policy innovation. Emulation induces
between 12 and 19 percent of voters to approve. These votes induce

disproportionate policy adoption because they add to the votes from
experimentation, often yielding majorities.
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4. Concluding remarks

This paper has shown that providing political decision-makers with information about
policy innovations in other statesis a causal factor in the diffusion of an efficiency-enhancing
policy innovation. This causal factor is isolated by comparing policy adoption when
information about innovation outcomes in other statesis available with a situation in which no
such information is available. Within this setting, we were able to assess the relative

importance of policy experimentation, learning from own experience, and policy emulation.

Our experimental approach is innovative because it combines economic and political
decision-making, and our study is the first to analyze the role of information in policy
innovation in a laboratory setting. While our study focused carefully on isolating the causal
effect of information on policy innovation, we believe that our setting provides a useful
starting point to investigate further aspects of the diffusion of policy innovations. We now

provide four suggestions for further research.

First, inherent differences in innovativeness between states (so-called "internal
determinants') can be investigated in our experimental setting by imposing different structural
characteristics on states. For example, the externality could be made more pronounced in
some states than in others. Therefore, the tax policy innovation would be more beneficial to
some states. We speculate that making states asymmetric reduces the information content of
observing innovation outcomes in other states, and that this, in turn, makes policy
experimentation more valuable relative to policy emulation.

Second, our setting can be adapted to study the effects of more complex forms of
communication between states. Our experiment compared two polar cases. states either obtain
no or full information about policy innovations in all other states. Our experiment could be
adapted to investigate the effects of intermediate cases with partial and indirect information.
For example, information about innovation outcomes could be noisy, or outcomes in one state
could only be observed by a subset of states. We expect partial and indirect information to

have a less pronounced effect on policy adoption than full information.

Third, our setting can be used to investigate the effect of information on the selection
among policy aternatives. In our experiment, there was only one policy innovation to
consider, and the policy innovation clearly increased the market incomes of a mgority of

voters. Our experiment can be adapted to study how information transmission affects the
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selection among a menu of policy innovations. For example, will voters reect efficiency-
decreasing policy innovations? Will they be able to discover the most beneficial level of
taxation for their state?

Fourth, our setting can be adapted to study how information transmission interacts with
inter-jurisdictional competition or spillovers which potentially also promote policy diffusion.
In our experiment, citizens were immobile in the sense that they had to remain in the state
they were. The experiment could be adopted such that citizens make a locational choice
before each referendum on policy innovation. This, for example, provides those who favor the
policy innovation but are voted down in their state with an "exit" option. Alternatively, the
externality which was purely local in our experiment could be made partly global. For

example, external cost in all states could fall as one state adopts the innovation.

These suggestions for further research illustrate that the experimental approach is a
promising new line in policy diffusion research. We believe that experimental diffusion
research can fruitfully complement other modes of investigation, like field studies and or

simulation studies.
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Appendix A: Instructionson the auction

This appendix provides a translation of experimental instructions from German.

General Instructionsfor Participants

You are now participating in an economics experiment funded by the research funds of the
Austrian National Bank. The purpose of this experiment is to analyze decision behavior. You
will be paid € 5 for showing up on time. If you carefully read the instructions and follow the
rules you can earn additional money. The € 5 and all other money earned during the
experiment will be paid to you in cash immediately after the experiment. In the experiment
you earn points. These points will be exchanged for Euro according to the following exchange
rate: 10 Points = € 0.1. You are not allowed to speak to other participants during the
experiment. If you have a question, please ask us. We will gladly answer your questions
individualy. It is very important that you follow thisrule.

Here is a short description of the experiment; detailed instructions are provided below. You
are now participating in a market experiment. In this market there are buyers and sellers who
trade units of some commodity. Y ou earn money by trading. How much you earn depends on
your decisions and the decisions of others. The experiment has two practice periods followed
by a number of trading periods. In the practice periods you do not earn money but you should
take these periods seriously since you will gain valuable experience for the trading periods
that are paid.

Detailed Instructions for Buyers

In this experiment each participant is a buyer. You can buy units from automated sellers.
These automated sellers will sell to you according to the rules of the market. In your market
there are 5 buyers who can buy units from sellersin each of the trading periods.

What participants can do: As a buyer you will be assigned a value for a unit of the good. Y ou
can submit 'bids’ to buy from the sellers during a trading period. A bid is the maximum price
you are willing to pay for a unit. Each buyer is assigned a certain number of ’unit values'.
Y ou will submit bids only for that single unit.

The sellers are assigned costs for units. In each trading period sellers submit ’offers’ to sell
unitsto the buyers. An offer is the minimum price at which aseller iswilling to sell a unit.

How the market works. At the end of each trading period the 'market quantity’ and the
"market price’ are determined. The market quantity is the total number of units traded in the
market. The market price isauniform price at which al units are traded in the market.

How the market quantity is determined: First, the bids you and other buyers in your market
have submitted are collected and ranked from high to low. The highest bid is ranked above the
2nd highest bid. The 2nd highest bid is ranked above the 3rd highest bid, and so on. If two or
more bids are the same, ranks will be randomly assigned by the computer. Second, all the
sellers’ offersin your market are collected and ranked from low to high. The lowest offer is
ranked above the 2nd lowest offer. The 2nd lowest offer is ranked above the 3rd lowest offer,
and so on.




A first unit is traded if the 1st ranked bid is higher or equal to the 1st ranked offer. A second
unit is traded if the 2nd ranked bid is higher or equa to the 2nd ranked offer. This process
continues until bids are smaller than offers at a given rank. The total number of units that have
been traded when the process stops is the 'market quantity’.

Example: Assume we collect four bids and four offersin a market period. The highest bid is
145, the 2nd highest bid is 130, the 3rd highest bid is 110, and the 4th highest bid is 90. The
lowest offer is 60, the 2nd lowest offer is 80, the 3rd lowest offer is 95, and the 4th lowest
offer is 105. A first unit is traded since the highest bid (145) is greater than the lowest offer
(60). A second unit is traded since the 2nd highest bid (130) is greater than the 2nd lowest
offer (80). A third unit is traded since the 3rd highest bid (110) is greater than the 3rd lowest
offer (95). The process stops after the third trade since the 4th highest bid (90) falls below the
4th lowest offer (105). Hence, the market quantity is equal to 3 units.

How the market price is determined: The market priceis set at the bid for the last unit that has
been traded before the process stopped. All units are traded at that market price. In the
example above three units have been traded. The bid for the last unit that has been traded is
110. Hence the market price is set equal to 110. It is important to note that all units in the
market are traded at this same price of 110.

When do you buy a unit? Y ou buy your unit if your bid is above the market price. Y ou do not
buy the unit if your bid is below the market price. You may or may not buy if your bid is
exactly at the market price (your bid may randomly happen to be ranked below another bid at
the market price so that the offer at that rank exceeds your bid). If you do not submit a bid on
aunit (thisis equivaent to submit abid of 0), you never buy that unit.

The number of units the sellers sell is determined by the number of offers at or below the
market price.

How your profit is computed: Your profit as a buyer is computed as follows. Profit = unit
value minus market price. Note that if you buy your unit you will pay less than your bid
unless your bid is at the market price. In our example, suppose that you submitted the bid of
130 for a unit you value at 150. This bid is above the market price of 110. Since you buy this
unit at amarket price of 110 your profit will be 150 - 110 = 40.

The profit of aseller is computed as follows: Profit = market price minus unit cost.

Important: The information on values and costs of a unit a private. That means that each buyer
(seller) only knows her own value (costs) but not those of the other buyers (sellers).

How the automated sellers make their offers: At any time the sellers follow two rules in
offering:

1. " Submit an offer for each unit assigned.” This means that the sellers will submit an offer for
each unit they have been assigned a unit cost.

2. Submit offers equal to the cost of a unit.” This means that an offer to sell a unit is always
exactly equal to the unit cost. Since the sellers do not sell the units that they have offered
above the market price, a seller never trades at aloss.

How is the trade presented on the computer screen? In each trading period a Decision Screen
appears (Figure 1). At the end of each period an Outcome Screen appears (Figure 2). After 15
trading periods a History of Results appears (Figure 3).

23



Subjects' original instructions contained figures showing what the computer screens look like
during the experiment.

All the numbers in the figures in the instructions serve illustrative purposes only. Actual
numbers may be different.

In the uppermost area of the Decision Screen on the left side you see the number of the
current trading period (here: 2) and the total amount of trading periods (here: 15). Each
trading period ends after a predefined time limit. The remaining time within a period is seen
in the uppermost area to the right (here: 19 Seconds). In the beginning of the experiment, the
available time for trading is generous and will be continuously shortened afterwards.

In the field on the top left you find your value. In this example the buyer has a value of 150.
Please, note once more: Every buyer knows his own value only.

The input field on the bottom left serves to enter your bid. To enter a bid you click with the
mouse on the field labeled 'Y our Bid' and type in a number. To submit that bid you have to
click on the’ Submit’ button.

In the column to the right you see your current bid. In our example this buyer has already
submitted a bid of 130 (see “current bid”). During the trading period the buyer can change his
or her current bid on a unit. This buyer has already typed in a number to the input field of the
1st unit. Pressing * Submit’ will let appear a message box asking 'Do you want to replace your
current bid? Confirming by clicking 'Y es would change the current bid from 130 to 140.

Rule for bidding: An important rule for trading is to “trade at no loss’. Therefore, you may
not submit a bid above your unit value. In our example of Figure 1, this buyer’s bid for the
first unit must not be above 150. If you violate this rules, a message box appears. Y ou make
this message disappear by pressing the’ OK’ button.

The Outcome Screen (Figure 2) appears at the end of the current trading period. The
uppermost area of this screen appears same as the Decision Screen. In the lines below you
find your value, your bid, the market price, and your market profit from buying your unit.
Y our market profit is the difference between your value and the market price (here: 40)

In the next line the total number of units traded in the market (Market Quantity) is shown. The
lines below this one (Additional costs, Additional costs per person, Net-payoff) is not of
interest at this place and will be explained further down.

The line “Your initial endowment” shows a constant income you earn irrespective of market
outcomes (here: 50). Just as your value, your initial endowment is private information and
may not be communicated with other participants.

Thelast line finaly gives Your Period Profit as the sum of your market profit and your initial
endowment.

The History of Results (Figure 3) shows the results of atrading phase. A phase consists of 15
trading periods. In the field on the |eft top there is alist of he abbreviations used. In the table
below for each period you find the market price (Price), the market quantity (Q), your market
profit (Profit), your initial endowment (E), and your period profit (Iper). The example of
Figures 1 and 2 is continued in Figure 3. The column *Additional cost from trading per
person” is not of interest at this place and will be explained further down.
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The following text in brackets [ ] was used in T(full) only. [In the area below the table you
find information concerning the other groups in the experiment (each group builds a market
with five buyers). There the average income AvY in each market is given. On the right you
see which is your group.]

At the right bottom of the screen Your Total Profit on al paid periods within this phase is
shown. Your Tota Profit is computed as the sum of your period profits. The periods labelled
as’'Tria’ are not considered in the computation of the total profit.

“Additiona Costs’ from Trading

Each unit traded at the market causes costs for every buyer. These costs are called “additional
costs’. Per unit the additional costs are 90 points. At the end of each trading period the
additional costs are divided equally among all five buyers in your market. Note that you will
bear a share of the additional costs even if you do not buy your unit yourself.

Example: Suppose market quantity is 3 units. Additional costs are 90 * 3 = 270. These costs
are equally divided between the five buyersin your market. In this example each buyers share
from additional costs is 270/5=54. Consequently, each buyer’s period profit reduces by 54
points.

How additional costs are displayed on the screens: The Outcome screen in the lines below the
“Market quantity” shows additiona costs from trading (“Additional costs’) and the share per
buyer (“Additional costs per person”), Net-payoff denotes your payoff from market activity
reduced by your share from additional costs. (i.e., Your Market profit minus Additional costs
per person).

The History of Results of a trading phase also contains a column that shows your share of
additional cost for each trading period.

If you now have questions, please, raise your hand and wait until an experimenter will come
by to answer your question individually.
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Appendix B: Instructions on the Proposal

You and 4 (four) other buyers will now vote on atax to be imposed on trading the good in the
market. If the majority, i.e., at least 3 buyers approve of the tax it is accepted. Otherwise it is
rejected. All participants will be immediately informed of the outcome of the voting. Voting is
anonymous.

If the tax is rejected we proceed for another 15 trading periods exactly as in the previous 15
periods. If the tax is accepted the following changes are implemented for the next 15 trading
periods. Sellersin the market pay atax of 90 points on each unit they sell.

If the tax is accepted all the rules pointed out in the instructions remain valid. Most
importantly, note that sellers can only make selling offers that do not result in aloss.

Example: Suppose a seller’s cost for a unit are 30. According to the rules for trading, this
seller has to make an offer equal to 30. If the tax is accepted, the seller now has to make an
offer of 120 because of the tax.

Appendix C: History of Results Screen in T(full)

History of results: Phase 2

1 = Market Quantity
Profit = Your Profit from Trading

AC = Additional Costs per Person Youralue a0
E = four Endowrnent
Y ="our Income per Period
AuiGroup) = Average Income of each Graup
Period [ Price I 0 [ Profit [ AC [ E [
1 | 10 | 5 | 50 | an | 50 | 10

Group Proposal BVY(Group)
1 accepted 3
2 rejected 0 You are in Group 1
3 rejected 0
Your total Income 10
4 rejected 1]
] rejected 1]

r Info
The experiment will continue soon

26



