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1. Introduction

Political corruption is a timeless problem that afflicts both developed and developing countries. Although corruption
might in some cases be an efficient way to correct pre-existing governmental failures (e.g. Aidt, 2003; Besley, 2006, pages
55-59), most believe the reduction of corruption is a desirable goal and that political institutions should be designed to make
such corruption difficult. In particular, considerable research has argued that competitive elections can inhibit corruption by
allowing voters to reward and choose politicians who are less corrupt while sanctioning corrupt ones by ousting them.
Research such as Persson et al. (2003) and Rudolph and D&ubler (2016) suggests that majoritarian systems which promote
greater political competition and alternation in power are less corrupt than societies using proportional representation.

Yet, across majoritarian governments the level of corruption varies. Understanding this variation and thus the extent that
majoritarian elections can control corruption is a question that has received much recent focus. Most of this research has
concentrated on the effects on politician and voter behavior of providing voters with information about corruption as in Fer-
raz and Finan (2008). Recent research in this vein finds that voters and politicians will respond to information on corruption
when there are competitive alternatives who are perceived as less corrupt. For example, Grossman and Michelitch (2018,
page 297) argue that their results “underscore the idea that constituency competitiveness is likely a necessary condition for
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transparency initiatives to affect politician behavior.” And De Vries and Solarz in their recent review of the literature con-
clude: “Voters can be expected to punish corruption electorally only when viable alternative options are available.” (2017,
page 404).

Many factors can affect the viability of available alternatives in majoritarian systems such as candidate nomination proce-
dures and the ease in which candidates can enter competition, the use of public campaign financing, the exogenous financial
rewards from office that are independent of corruption behavior such as salaries, financial security in retirement, etc., and
uncertainty over the extent that voters weigh ideological positions or other characteristics of candidates relative to concerns
over corruption. In this paper we focus in particular on the last two of these factors - the influence of high salaries and
wages from holding office and the effects of uncertainty in electoral outcomes due to preference shocks.

We generate our predictions using the canonical probabilistic voting model with rent taking (Polo, 1998; Persson and
Tabellini, 2000: chapter 3). The core trade-off in this model also appears in a number of more complex model environments
in which there is some degree of conflict between voters’ and candidates’ policy objectives.! Thus, understanding the extent
to which human decision makers recognize and respond to the incentives of the canonical model has the potential to shed
light on expected behavior in a set of richer electoral institutions.

In the model corruption is seen as a rent-seeking game where greater rent-taking reduces payoffs to voters by siphoning
away tax revenue. Two exogenously given and purely rent motivated candidates simultaneously commit to a level of rent-
taking. Voters observe the rent-levels candidates have committed to and vote for one of the candidates. Thus, the model
zooms in on the effects of electoral competition among candidates with commonly known reputations for corruption.

In the absence of popularity or ideological shocks electoral competition theoretically drives rational rent-taking to zero,
independent of the level of exogenous rewards such as salaries. Things change when a popularity or ideological shock is
added to the model. The shock is orthogonal to rents and is resolved after candidates have committed to a rent-level. Seen
from the perspective of the candidates, rent-taking now reduces the win-probability smoothly. In equilibrium candidates
balance rents and win-probability. Increased variance in the popularity or ideological shock increases rent-taking for given
salaries. For a given variance in the shock, increasing politicians’ salaries reduces rent-taking. Hence, the theory predicts
that with uncertainty higher wages can lead to reduced rent-taking and fewer corrupt choices by elected officials.

As we discuss in the next section, recent empirical research has examined the links between wages and behavior of
politicians in order to determine if such a link exists. However, measuring the effects of rewards and uncertainty on
candidate behavior is exceedingly difficult when using field data, particularly if the goal is to establish whether causal
relationships exist. Although there has been a notable increase in using experimental approaches in naturally occurring
elections to study corruption, it is no surprise that the standard manipulation is focused on providing information or incen-
tives for voters to monitor electoral officials, rather than manipulating the salaries of elected officials or ideological or other
characteristics of candidates that might affect uncertainty in elections. Moreover, even if we could conduct such interven-
tions in naturally occurring elections, we would need to control for all the other factors that might affect corruption and
confound our ability to discern effects.

In order to be able to make causal inferences by controlling and manipulating these factors and to have a large number
of observations of candidate corruption choices, we chose to investigate candidate competition in the laboratory. Though
there is a growing experimental literature in political science and political economy, the present study is, to the best of our
knowledge, the first to investigate rent-taking in this context.

We have a number of findings. First, rent-taking is not independent of, but decreases with wages in the absence of
popularity shocks. Second, in the presence of popularity shocks (which is likely to characterize any election), the directional
predictions of the model come through nicely. Rent-taking is increasing in the variance of the shock for given wages, and
is decreasing in wages for a given variance of the shock. Third, we observe substantial deviations from the Nash point-
predictions, also in the presence of popularity shocks. We argue that the combination of a Quantal Response Equilibrium
(which allows for systematic errors in decision-making) and risk averse players generates expectations about deviation
patterns. We find that observed deviations match these expectations well.

We do not explicitly test alternative theories of social, psychological or moral motivations. Nevertheless, it is natural to
wonder how such other theories relate to our data given the particulars of our design. We discuss these theories briefly at
the end of the paper.

2. Related literature

A number of empirical papers have investigated the relationship between wages and salaries of elected officials and the
extent of corruption or other measures of performance. The evidence on the effects of wages is mixed; while effects have
been found they seem to not be sizable. On the one hand, Alt and Lassen (2003) find that average US state government
relative wages are negatively related to subjective measures of corruption given by a state journalist survey and Coates
(1999) finds that there is a positive relationship between salaries of United States legislators and the quantity of legislation

1 Examples include rent-taking under varying electoral rules (Persson and Tabellini, 1999, 2000: chapter 8); the choice of growth policies (Besley et al.,
2005, 2010); geographical redistribution (Lindbeck and Weibull, 1987, Dixit and Londregan, 1996); the effects of valence issues (Ashworth and De Mesquita,
2008, Morton and Myerson, 2012); the choice of environmental agreements (Battaglini and Harstad, 2020); and the effects of mass media (Stremberg, 2004),
to mention a few.
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passed. However, on the other hand, Coates (1999) also finds no evidence of an effect on economic growth. And in a
cross-country study of various corruption indices, Treisman (2000) found no significant relationship between government
wages and the measures of corruption. Beylis et al. (2012) estimate a structural model of corruption with data on Brazilian
municipalities and consider the extent that a policy experiment of increasing salaries leads to less corruption. They find that
doubling wages would have a minor effect on corruption relative to other possible interventions.

This work is largely observational and the relationships observed may not be causal. Some of the more recent empirical
work has used exogenous factors that can affect public wages to measure their effects on corruption. Gagliarducci and
Nannicini (2013) use a regression discontinuity design to estimate the effects of mayoral wage changes when municipalities
in Italy change in size at the 5,000 inhabitant level. They find that mayors with higher wages appear to improve efficiency
in government, although they argue that the effect is mainly by a change in selection rather than behavior. van der Linde et
al. (2014) use a similar design with Dutch mayoral wages and find that higher wages lead to increases in debt and budgets.
They argue that their results are evidence of better performance of the officials even though the direction of the effects is
the opposite from the Italian study. Altindag et al. (2017) find a negative effect of salary increases on the performance of
Turkish MPs using a reform in salary structures as a source of identification. The performance measure used is a composite
of the number of motions, law drafts, speeches, and words by the MPs. Ferraz and Finan (2009) study Brazilian municipal
governments for which salary caps on elected politicians are conditioned on population size. Using these discontinuities
they find that better paid politicians perform better in the sense of producing more legislation and petitions. The effects of
higher salaries on public goods production, however, are mixed.

A number of scholars have used the unique opportunity of a large exogenous wage increase for members of the European
parliament (Mocan and Altindag, 2013; Braendle, 2015, and Fisman et al., 2015) to study the effects on politician behavior.
That is, beginning in 2009 all members received an identical salary of roughly 90,000 euros when previously salaries had
been the same as the lower house of their respective countries and ranged in value from 10,080 to 144,084 euros. These
studies provide conflicting and mixed evidence. The most robust result is the evidence that the increase in wages induced
more politicians to run for re-election and stay in office longer, but the effects on behavior in office are not robust across
authors and specifications.

3. Model

In this section we set up a parsimonious probabilistic voting model of rent-taking under electoral competition.> The
environment of this model is used in the experiments where we compare the equilibrium predictions with actual outcomes
from the lab.> The main feature of the model is that candidates commit to rent extracting policies prior to the election.*
Platforms are observed by the voters, who vote for the platform offering the lowest rents. The candidate with the most votes
wins the election and enjoys rents and the wages from holding office. The intensity of competition varies with the wages
of politicians and the level of uncertainty in the electoral mechanism due to popularity or ideological shocks. In the model
higher wages for politicians always drive down rents if there is uncertainty in the electoral mechanism. In the absence of
such uncertainty there is no rent-taking regardless of the wages offered to the election winner.

The model abstracts away from many potentially important sources of corruption, such as e.g., adverse selection, post
election moral hazard and search frictions, in order to focus squarely on the effects of electoral competition.” The “plat-
forms” and “rent policies” that parties commit to may broadly be interpreted either in terms of strategic selection of party
candidates, policies that entail more or less active waste (in the terminology of Bandiera et al. (2009)) by for example
changing the checks-and-balances within and across government branches, or outright corruption. So, a party that strategi-
cally ends up selecting candidates that can be expected to extract more rents, at the cost of a lower probability of winning
the election, is fully consistent with our assumption that parties may commit to high rents (and vice versa for a party that
selects candidates which can be expected to extract less rents).

2 The model is a simplified version of the “Inefficient Electoral Competition” model of Persson and Tabellini (2000), pp. 70-73. As a minor extension of
the original set-up we allow for risk-attitudes in the utility functions of the candidates.

3 The instructions to the experiments were written in a neutral language, without references to politics, voters or rents. These instructions can be found
in the Appendix. In a previous experiment on candidate competition, Aragones and Palfrey (2004) find no difference between behavior of subjects in a
neutral language game and one that uses political language to describe the game.

4 Commitment to policies is common in the literature on political competition and ‘pre-election politics’ (as opposed to agency problems), and, in
particular, in the literature on probabilistic voting where popularity shocks form the foundation for parties’ rent extraction (Polo, 1998; Svensson, 1998;
Svaleryd and Vlachos, 2009; Aldashev, 2015; Lind and Rohner, 2017).

5 There is a small experimental literature on rent-taking in dynamic electoral agency games. The environments investigated in this literature differ in
significant ways from the environment studied in our experiment. The literature on electoral agency address issues of moral hazard and adverse selection
in a setting were promises are not binding—not the effects of platform competition per se. See Helland and Monkerud (2013) for an overview. Woon (2014)
study the effects of reputation formation in electoral competition experimentally, departing from an agency perspective. For a recent study of the impact of
search frictions on rent taking in electoral competition see Andersen and Heggedal (2019). Four recent empirical studies depart from an agency perspective
on electoral competition. Cavalcanti et al. (2018) investigate the effect of random audits on candidate selection in Brazilian data. Arias et al. (2019) use
Mexican data to investigate the power of social networks in claiming accountability. Chong et al. (2014) implement a field experiment in Mexico to study
the relationship between corruption information, turnout, and the vote support of incumbents and challengers. Anduiza et al. (2013) conduct a survey
experiment in Spain. Results indicate that corruption perceptions are biased against the respondent’s party, but that this bias disappears for high political
awareness.
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Environment: The economy consists of a continuum of identical voters and two candidates indexed j € {A, B}. The mass of
citizens is normalized to 1. The only activity in the government is to convert incoming taxes to rents and the wage accruing
to the candidate in power.® The policy preference of a voter is given by

Vinn=y-r-Ww, (1)

where y is the average (total) income of voters, r is the (endogenous) rent, and W is the (exogenous) wage.

Voters also have preferences over some other policy dimension orthogonal to the rent platforms of the candidates. This
preference is stochastic and may represent the ideological bias in the population or the popularity of a particular candidate.
This popularity shock denoted by & is not observed by the candidates prior to the announcement of platforms, though the
distribution of § is common knowledge. We assume that the popularity shock follows a continuous uniform distribution
with support [—ﬁ, ﬁ] where a positive number means that candidate A is more popular than candidate B. Thus a voter

prefers candidate A if

V(@ra)+6 > V(rp).

The candidates have utility over total rewards from holding office, that consist of the wage W and rent-taking rj. We
assume that candidates exhibit constant relative risk aversion. Denote p;(rj,r_;, ) the probability of winning the election
for candidate j given the other candidate’s policy and the popularity or ideological shock. A candidate’s objective is to set
rj > 0 so as to maximize the expected utility

W +rp'=
1-«

Elu(rj,r—pl=pj(rj,r—j,3) ) (2)
where o measures the degree of risk aversion.

The candidate with the highest vote share wins the election.” The shock measures the extent that voters' choices are
likely affected by the rent choices of the candidates. When the shock is potentially large, then the potential effect that an
increase in rent-taking has on the probability a candidate wins is less and candidates can potentially get away with more
rent-taking since voters care about other candidate characteristics that to a large extent are unaffected by rent-taking. The
timing in the model is as follows: 1) The candidates simultaneously and independently set {ra,rg}; 2) The value of § is
realized; 3) The citizens vote; 4) Payoffs are realized.

Characterizing equilibrium: We look for a Nash equilibrium in the game between the candidates, taking voting behavior as
given (in the experiment voter behavior is automated). To find the probability of winning the election note that the citizens
are indifferent between the two candidates if the popularity shock is such that

§=V(rp) — V(ra),

where § denotes the value of the shock. If the realized value of the shock is larger than § candidate A wins, while candidate
B wins in the opposite case. Thus we can write the probability of winning for candidate B as

pp =Prp{5 <4}
=Prp{V(rg) — V(ra) <4}

=Prg{ra —rg <4}

0 ifr3>ﬁ+rA
1 1 1
= Vva—re)+ 5 if —5p<ra—-TB<5; ,
1 ifr3<—ﬁ+r,q

and the probability of winning for candidate A is given by pp =1 — p5s.
Turning to the equilibrium strategies of the candidates, first note that an equilibrium does not exist where p; =1, as in
this case candidate —j would get zero and thus have an incentive to lower r_;. Then, focusing on the interior of pg, the

first order condition for candidate B is
(1-a)
W+rp=——

¥

6 Candidates’ incentives to take rents do not change in the model if the provision of a public good is included as an alternative use for tax-revenues.
7 Note that in the experiments the distribution is discrete (though with a large value set), so there may be ties with positive, albeit tiny, probability.
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Table 1
Treatments of the experiment.
Treatment V4 w r* # Subj. # Blocks
T1: Low Wage 0 1 0 48 6
T2: Medium Wage 0 10 0 48 6
T3: Low Uncert Low Wage 10 9 48 6
T4: High Uncert Low Wage 50 1 49 48 6
T5: High Uncert High Wage 50 40 10 48 6

The first order condition for candidate A is symmetric to that of B, thus the unique equilibrium is given by

ra=rg=r¢" :max|:0, 1z W].
2y
Note that we assume y > 12’—];‘ so equilibrium rents are not constrained by available resources. When uncertainty evaporates
in the model (¢ — 00), competition for W stiffens, and in equilibrium rent-taking is competed down to zero. More gener-
ally, a larger v increases the competitive pressure between the candidates as there is ‘less uncertainty’ as to the effect of
decreasing rent-seeking on the probability of winning election. Note that the density is inversely related to the bound of

the support, so r is increasing in the width of the support [ ] Also, note that a higher density lowers the variance,

1 1

29 2y
i.e., there is less (more) uncertainty in the society when v increases (decreases).® With some uncertainty in the electoral
mechanism, a larger W increases the competitive pressure as there is a larger ‘prize’ for the winning candidate. Thus, with
uncertainty in the electoral mechanism lower ¥ and/or W (i.e., reduced competitive pressure) reduces rent-taking. Due to
the lower bound on r there are many combinations of ¢ and W that give r = 0.° Last, a larger « reduces rent-taking as the
candidates are less willing to take on the risk of not winning associated with higher rent-taking.

4. Design and procedures

Design: The experiment was implemented as a series of 50 rent-taking games.'? The fixed number of games was public
knowledge, and subjects played in one treatment only. Voters were automated and language was neutral. At the start of
the experiment subjects were randomly allocated to labels A or B and kept their labels through the experiment. At the
beginning of each game pairs of opposite labels were randomly formed from fixed blocks of 8 subjects (“typed stranger
matching”). After a match had formed subjects simultaneously choose numbers (rj,r_;) in the range 0 to 100. A random

number Z was drawn from a uniform distribution with mean = 0 and publicly known support on —Z to +Z (Z = ﬁ)
The payoff to A was mp =rpa+ W ifrg <rg+2, and w4 =0 if rg > rg +Z. The payoff to B was mg =rg+ W if rg +2z <4,
and mp =0 if rp +Z >ra. If ra =rp +Z a fair lottery determined the winner, which got 7j =r; + W, while the loser got
m_;=0.

{Fhe experiment consisted of five treatments in total. The treatments are depicted in Table 1, were W and r* are mea-
sured in experimental currency units (ecu) and r* denotes risk neutral (o« = 0) Nash equilibrium rent-taking from the model.
This design allows us to cleanly identify the causal effects on rent-taking behavior by manipulating the uncertainty in the
electoral mechanism and the level of exogenous rewards facing candidates.

In our two first treatments there is no uncertainty in the electoral mechanisms. Even though wages increase tenfold
when moving from treatment Low Wage (T1) to treatment Medium Wage (T2), predicted rent-taking in the Nash equilibrium
remains zero. In our three last treatments the electoral mechanism is noisy. In Low Uncert Low Wage (T3) noise is moderate
and wages are low. In High Uncert Low Wage (T4) noise is high while wages remain low. In High Uncert High Wage (T5) both
noise and wages are high. In Nash equilibrium we would expect rents to increase linearly (and almost proportionally) with
increasing noise as we move from Low Wage (T1) or Medium Wage (T2) to Low Uncert Low Wage (T3) and on to High Uncert
Low Wage (T4). Comparing the two high noise treatments, rent-taking in Nash equilibrium should fall by almost a factor of
five as we move from High Uncert Low Wage (T4) to High Uncert High Wage (T5). This effect is due to the almost five fold
increase in wages. While directional predictions do not change with the level of risk aversion as long as 12;];‘ > W the level

8 The variance of the distribution is given by o2 = % with Z := 217
9 Note that without a lower bound on r, the endogenous rent would be negative if 12;1;‘ < W. In this case the candidates compete to get W by offering

to share some of this surplus of winning with the citizens.

10 A concern is that using convenience samples of students (CS) is not informative of candidate behavior. Unfortunately, laboratory experiments using
political elites as subjects are sparse. Hafner-Burton et al. (2014), however, provide evidence indicating broad similarity between CS and a sample of
elite politicians with respect to depth of reasoning (measured by a p-beauty contest) and patience (measured by choice of immediate versus delayed
gratifications). LeVeck et al. (2014) compare a CS to a sample of elite politicians with respect to bargaining behavior (measured by an ultimatum game).
They find elite politicians to be somewhat more generous as proposers, and somewhat less inclined to accept meager offers as responders. We also note
that Armantier and Boly (2008) in their study of corruption find that external validity is not violated when moving from a lab experiment in a developed
country to a field experiment in a developing country.
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of rent-taking decreases with risk-aversion () in noisy treatments. In summary, in addition to the point predictions of
rent-taking in Table 1 above the theoretical model predicts the following relationship predictions:

Relationship Prediction 1: There should be no difference in rent-taking as wages increase when there is no uncertainty: Low Wage
(T1) = Medium Wage (T2).

Relationship Prediction 2: When uncertainty increases but wages stay constant, rent-taking should be higher: High Uncert Low
Wage (T4) > Low Uncert Low Wage (T3) > Low Wage (T1).

Relationship Prediction 3: When wages increase while uncertainty is positive but constant, rent-taking should be lower: High Uncert
Low Wage (T4) > High Uncert High Wage (T5).

Procedures: All sessions were conducted in the research lab of Bl Norwegian Business School using participants recruited
from the general student population at the Bl Norwegian Business School and the University of Oslo, both located in Oslo,
Norway.!! Recruitment and session management were handled via the ORSEE system (Greiner, 2015). No subject partici-
pated in more than one session. z-Tree was used to program and conduct the experiment (Fischbacher, 2007). Anonymity
of subjects was preserved throughout. On arrival, subjects were randomly allocated to cubicles in the lab in order to break
up social ties. After being seated, instructions were distributed and read aloud in order to achieve public knowledge of the
rules. Instructions and screen shots are provided in online appendixes H to K.

Given that our experimental data is never connected to subject identifying information the project does not require
full ethical review according to Norwegian legislation. A pre-study plan was registered on the 24" of May 2016 at the
Randomized Controlled Trails Registry of the American Economic Association.'? The analysis below follows the specifications
of this plan. Our pre-study plan included a pilot study. The pilot indicated that a power of 90 percent or better would
require 6 blocks per treatment. In accordance with this we used a total of 240 subjects in our experiment: 5 treatments a
6 blocks a 8 subjects per treatment.'? In total the experiment collected data on 12,000 individual decisions. A session of
the experiment took approximately 45 minutes, for an expected average payment of 250 NOK (approximately 30 USD at the
time of the sessions).

5. Results
5.1. Directional predictions

Our treatment variables are the support of the popularity shock (Z) and the size of wages (W ). Our treatment measure
is the average difference in the level of rent-taking over treatments. We perform two kinds of tests. Firstly, we report
p-values (pP) from treatment regressions. These regressions have random effects for unique subjects and standard errors
clustered at the unique block level. The units of observation are individual decisions.'# Secondly, we report p-values from
non parametric (Wilcoxon rank sum) tests (p") using average behavior in a block over all 50 games as units of observation.
Details of the tests are contained in the online appendices A and B.

All promises: Fig. 1 shows the mean, the Nash prediction and the confidence interval of all rent taking promises by treat-
ment.

Treatments in general deviate substantially from the Nash-prediction when considering all rent promises. In the absence
of noise we see substantially lower rent-taking when wages are increased from 1 to 10 ecu: (Low Wage (T1)— Medium
Wage (T2)) = 13.3 ecu. The difference is highly significant in the parametric test, and almost significant at conventional
levels in the non-parametric test (p" =.110; p? =.000). As noted, this is contrary to Relationship Prediction 1 above. The
orthodox view that rents are competed away in the absence of noise is also not confirmed in the data, contrary to the
point predictions of Table 1 and Relationship Prediction 2 above: (Low Wage (T1)— Low Uncert Low Wage (T3)) = 9.0 with
(p™ =.013; p? =.000).

Consider now the noisy environment with low wages. As noise increases given W =1 ecu, rent-taking in Nash equi-
librium should be greater supporting Relationship Prediction 2 in this case. This directional prediction is manifested in the
data, and is highly significant: The treatment difference (Low Uncert Low Wage (T3)— High Uncert Low Wage (T4)) = —17.7
ecu with (p" = .003; p? =.000). Lastly, in the high noise environment (Z = 50) a substantial increase in wages results in
sharply lower rent taking, and this effect is highly significant: The treatment difference (High Uncert Low Wage (T4)— High
Uncert High Wage (T5)) = 23.4 ecu with (p" =.002; pP =.000), supporting Relationship Prediction 3.

11 We define a session as a collection of subjects in the laboratory at a specific date and time. Note that a session in our experiment has more than one
block.

12 https://www.socialscienceregistry.org/trials/1289.

13 power was calculated using the code of Bellemare et al. (2016).

14 To the extent that the parametric and non-parametric tests agree we can rule out that large intra-block variances are masked by the non-parametric
rank tests (that does not take intra-block variances into account).
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Fig. 1. All rent taking promises.
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Fig. 2. Winning rent taking promises.

Winning promises: Fig. 2 shows the mean, the Nash prediction and the confidence interval of winning rent taking promises
by treatment.

Except for the High Uncert Low Wage treatment (T4), behavior deviates less from the Nash-prediction when looking at
winning rent promises only. In the absence of noise we again observe substantially lower rent-taking as wages are increased
tenfold: (Low Wage (T1)— Medium Wage (T2)) = —14.4 ecu. For winning promises the difference is highly significant in
both tests (p" = .004; p? = .000). Again the orthodox view that rents are fully dissipated in the absence of noise is not
confirmed in the data: (Low Wage (T1)— Low Uncert Low Wage (T3)) = 6.6 ecu with (p" =.013; p? = .000). Consider then
the noisy environment with low wages. The Nash directional prediction is manifested in the data, and is highly significant:
The treatment difference (Low Uncert Low Wage (T3)— High Uncert Low Wage (T4)) = —18.2 ecu with (p" = .002; p? = .000).
Lastly, in the high noise environment (Z = 50) the four fold increase in wages once again results in sharply lower rent-
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Fig. 3. Time-paths of play by treatment.

taking, and the effect is highly significant: The treatment difference (High Uncert Low Wage (T4)— High Uncert High Wage
(T5)) =23.0 ecu with (p" =.002; p? = .000).

The patterns in the data remain qualitatively unchanged if we only consider the final 25 periods of the game, after
learning has taken place and behavior has settled (see the online appendices C (for all rent promises) and D (for winning
rent promises)).

So, to sum up, the model works nicely in terms of directional predictions as long as there is some noise in the electoral
mechanism (as is likely to be the case in any election): Rent-taking is increasing in the variance of the shock for given
wages, and is decreasing in wages for a given variance of the shock. In the absence of popularity shocks the directional
predictions fail: Rent taking is now decreasing in wages.

Observing that rents are lower when wages are higher, one may ask whether higher wages pay for themselves. We
propose estimates of the return to increasing wages to shed some light on this question. In the absence of noise, we obtain
the return to wages % = —1, 6 by comparing winning rents in Low Wage (T1) with winning rents in Medium Wage (T2)
where W is higher. In the presence of noise, we obtain the return to wages Ar‘AZ‘;SO = —0, 57 by comparing winning rents
in High Uncert Low Wage (T4) with winning rents in High Uncert High Wage (T5) where W is higher but Z is the same. Thus
whether higher wages pay for themselves in our experiment depends on the noisiness of the environment.

5.2. Time path of play

Fig. 3 shows the time path of play in our five treatments. For each of the 50 games played average rent-taking over
the 6 blocks in a treatment is plotted. We plot both for all rent promises and for winning rent promises. Visual inspection
suggests that behavior converges from above in Low Wage (T1) to Low Uncert Low Wage (T3) and in High Uncert High Wage
(T5), and stabilizes within 10-15 periods. In High Uncert Low Wage (T4) there seems to be no such pattern of convergence.
In online appendix E we perform formal tests of convergence, these tests confirm the visual inspection. Since, the Quantal
Response Equilibrium concept we employ is a static one, we use data only from the final 25 periods of the experiment in
this analysis, to make sure subjects have been given ample time to learn and that behavior has converged.

5.3. Deviation from Nash

There are three deviations from the Nash predictions that are particularly noteworthy. First, in absence of noise wages
seem to lead to lower rent-taking behavior (Low Wage (T1) vs Medium Wage (T2)). Second, an environment with some noise
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seems to induce less rent taking than an otherwise similar environment with no noise (Low Wage (T1) vs Low Uncert Low
Wage (T3)). Third, in a high noise environment low wages are not fully offset by greater rent-taking (High Uncert Low Wage
(T4) vs High Uncert High Wage (T5)).

Risk aversion alone cannot jointly explain these observed deviations from Nash equilibrium. Risk aversion has no impact
on rent taking in the absence of noise as the lower bound on r binds. In the noisy environment increasing risk aversion
reduces equilibrium rent-taking. This improves on the observed deviation from the Nash-prediction in the High Uncert Low
Wage treatment (T4), but increases the deviation from the Nash predictions in both the Low Uncert Low Wage (T3) and the
High Uncert High Wage (T5) treatments.

In order to better understand the observed deviations from Nash equilibrium we analyze noisy play using the concept
of Quantal Response Equilibrium (QRE) to candidates’ rent promises. In our estimations we also augment the QRE with
risk averse players. QRE has been successfully applied in the experimental literature to rationalize deviations from Nash
outcomes in various games.

The structural approach to QRE, introduced by McKelvey and Palfrey (1995), is based on a random payoff model, where
the utility u; of a candidate j, given the other candidate’s cumulative distribution function for rent-taking strategies, F_j, is
perturbed by a random error interpreted as trembles: ii(r, F_j) = Er_;uj(r, F_j) + €jr. Each player assigns a probability to
a given action equal to the probability that this action is a best response given the error. The resulting quantal responses can
be interpreted as noisy best responses. In equilibrium players’ beliefs about the opponents mixing probabilities are correct.
While this equilibrium requirement puts high demands on the rationality of the players if taken literally, the resulting rule
for the mixing probabilities is very intuitive: the probability of choosing an action increases with its expected payoff. If a
Gumbel distribution for the error is assumed, i.i.d. across actions and players, the quantal response is of the logistical form.
Given symmetry, as in our games, the quantal responses are given by the (identical) distribution function over strategies for
each candidate, FQ (1), that solves the following functional fixed point:

5 exp(LEu(r, FQ (x))dx

Fe(r)=
® fowoexp(kEuj(r,FQ(x))dx

vr €0, 100],

where A > 0 is the parameter governing trembles (where 1/ is interpreted as trembles or noise). In using a logistic spec-
ification we follow the majority of the experimental literature, making our findings comparable. This specific choice of the
distributional form puts discipline on the resulting QRE.!> When A approaches zero, all rents are equally likely, which can
be interpreted as completely noisy strategies. On the other extreme, if A goes to infinity, the quantal response approaches
the best response of the underlying rent-taking game, and behavior converges to the Nash equilibrium. To evaluate whether
QRE can rationalize the data we fit the QRE cumulative distribution functions of all rent-taking promises to the correspond-
ing CDFs in data by choosing a A to minimize the sum of squared deviations. In our estimations we used a grid of 100 rent
levels, and minimized the distance between the data and QRE using a maximum likelihood procedure.'® Since strategic ten-
sions vary much over the five games underlying our treatments there is no particular reason to believe that players tremble
in a comparable way over treatments. In line with this approach we estimated the QRE separately for each treatment.!”

The QRE logic imposes a number of restrictions on expected behavioral patterns in our experiment. We highlight four
of them here. One should expect: i) that in the absence of noise deviations from Nash will be higher with low wages than
with high wages (Low Wage (T1) vs. Medium Wage (T2)); ii) that upward deviations from Nash will be higher in the absence
of noise than in the presence of noise (Low Wage (T1) vs. Low Uncert Low Wage (T3)); iii) that in the presence of noise
deviations from Nash will be more pronounced in our experiment than has been found in experiments on noisy electoral
competition with ideological candidates, and; iv) that with risk averse players observed behavior will undershoot the Nash
prediction if noise is high and wages low (i.e., High Uncert Low Wage (T4)). We elaborate on these expectations more fully
as we discuss our results below.

Fig. 4 displays the QRE estimates assuming subjects are risk neutral. Risk-aversion can be accounted for in the QRE
estimates in various ways.'® One approach is to estimate the trembles (1/1) of the QRE jointly with risk attitudes (a). Such
an approach runs the risk of over fitting. Our approach consists in transforming payoffs, using available @ estimates in the
experimental literature, prior to estimating the QRE. Specifically, we use the midpoint of the two structural estimates in
Harrison and Rutstrém (2008: 69-74). That is, prior to estimating the QRE we scale the material payoffs using a CRRA utility
function with o = %.19 Fig. 5 displays these results. Note that the fit of the QRE improves in every treatment when payoffs

15 See Haile et al. (2008), Goeree et al. (2005), and Goeree et al. (2016: 42-53) for discussions of the issue of falsifiability of QRE.

16 The estimation procedure used is what Goeree et al. (2016: 154) refers to as “the equilibrium correspondence approach”, and amounts to searching for
the A that solves the fixed point problem of the QRE. Matlab codes are available on request.

17 However, as discussed in the end of this section, we also carry out robustness tests estimating the decision errors simultaneously for all treatments
and jointly estimating risk-attitudes and decision errors.

18 One might ask whether it would have been a better idea to use the lottery procedure (Roth and Malouf, 1979) in order to remove risk aversion in the
first place. We decided against this since the empirical evidence on whether the procedure achieves what it sets out to do is at best mixed (Berg et al.,
2008).

19 Using a probit (logit) approach and the data from Hey and Orme (1994), Harrison and Rutstrém (2008) obtains an estimate of & = 0.66 (& = 0.80) with
a standard error of 0.04 (0.04).
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Fig. 4. CDFs of data, QRE with o =0, and Nash, by treatment.

are adjusted for risk-aversion, and that the improvement is particularly pronounced in Medium Wage (T2) and High Uncert
Low Wage (T4).

Focus on Fig. 5. Consider first the environments without noise (T1 and T2). The large deviation from Nash observed
in Low Wage (T1) is expected. The game in this treatment resembles a Bertrand price competition with a low price floor
(Helland et al., 2017 with references), and incentives to stay in the Nash equilibrium are weak as subjects have (close to)
alternative best responses. In this situation some suspicion that the opponent will tremble in his rent-taking suffices to
motivate an increase in one’s own rent-taking. In QRE this effect induces an upwards spiral in rent-taking.

This upwards spiral in rent-taking is muted when a larger expected payoff from staying in the Nash equilibrium is
introduced in Medium Wage (T2).2° Thus the smaller deviation from Nash in Medium Wage (T2) compared to in Low Wage
(T1) is expected from the logic of the QRE.?! These results are also reflected in the estimated values of the trembles (1/1). In
Low Wage (T1) the estimated trembles are larger than the ones found in Medium Wage (T2), indicating that decision-making
is more noisy when wages are low.??

Consider now the noisy environments (T3, T4 and T5). A substantial literature addresses two candidate position games
over a single dimension with ideological or popularity shocks and candidates who are policy-motivated (e.g. Morton, 1993
with references). In a recent study Drouvelis et al. (2014) demonstrate divergence from the median voter in environments
with a popularity shock and (asymmetric) weights on office -and policy motivation. In most of their treatments platforms
converge on, or are very close to, the equilibrium prediction. Convergence in our noisy rent-taking games is less impressive.

However, in our rent-taking games losses are linear in rents foregone while losses are quadratic the positioning games.
Quadratic losses discipline subjects to stay closer to their Nash best responses in QRE (larger deviations become more costly,
and appear with lower probability in QRE). Thus the larger deviations from Nash observed in our noisy rent-taking games
compared to noisy positioning games are in line with QRE predictions.

As noted, deviation from Nash is particularly pronounced in the high noise environment with low exogenous rents
(T4). In this treatment incentives are weak and behavior has fairly little impact on the probability of winning. Comparing

20 In Low Wage (T1) expected cost of deviating from the Nash equilibrium is % ecu, compared to 5 ecu in Medium Wage (T2).

21 In the first 10 periods our results are comparable to those in Dufwenberg et al. (2007), which investigates a 10 period Bertrand duopoly with a price
floor of 10 ecu. However, in the last 40 periods behavior stabilizes at a higher level in our experiment.

22 With o =0, the estimated values of lambda are 0, 44 in Low Wage (T1) and 1, 16 in Medium Wage (T2). With « = %, the estimated values of lambda
are 0,54 in Low Wage (T1) and 1, 11 in Medium Wage (T2).
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Fig. 5. CDFs of data, QRE with o = %, and Nash, by treatment.

Figures 4 and 5 suggests an explanation for the large deviation in High Uncert Low Wage (T4). The QRE alone does not
match the observed data well. The combination of weak incentives and high noise should make us expect rent-taking to be
symmetrically distributed around 50 ecu if subjects are risk neutral in QRE. Adding risk aversion to the QRE shifts expected
rent taking downwards and skews the CDF of the QRE to the left to fit the observed mean of 36.5 closely.

We also note that the estimated values of the trembles (1/A) are larger in High Uncert Low Wage (T4) than in Low Uncert
Low Wage (T3) and High Uncert High Wage (T5).>> That decision-making is found to be more noisy in High Uncert Low Wage
(T4) is in line with the QRE predictions as the incentives to stay in the Nash equilibrium are very weak in this treatment
compared to in the other treatments.>*

In online appendix F we perform some robustness tests with respect to the estimation of the QRE. First, we impose a
risk aversion parameter of o = 0.75 but force decision errors to be identical over treatments. Predictably, this worsens the
fit with data somewhat in some treatments (notably in T3 and T4), but not dramatically. Secondly, we estimate the risk
aversion parameter and the identical decision error jointly. This returns a lower risk aversion parameter (o = 0.35) than
the one imposed for the estimations in Fig. 5. Interpreting this difference substantially, however, is hard due to the joint
estimation of risk attitudes and the decision error. Of note, the overall fit of the QRE to data in Fig. 5 and in this exercise
appear highly comparable. We conclude that the overall picture is a QRE that is quite robust to joint estimation of decision
errors for all treatments, as well as joint estimation of decision errors and risk attitudes.

6. Discussion

Our results provide important evidence of the effects of increasing wages on corruption as measured by rent-taking
and the mechanisms underlying such effects. The finding that rent-taking is significantly greater than zero without noise

23 With « =0, the estimated values of lambda are 0,95 in Low Uncert Low Wage (T3), 0,24 in Uncert Low Wage (T4), and 1, 11 in High Uncert High Wage
(T5).

With o = %, the estimated values of lambda are 0, 96 in Low Uncert Low Wage (T3), 0,36 in Uncert Low Wage (T4), and 1, 18 in High Uncert High Wage
(T5).
24 We have also estimated lambda using observations from all periods of play (as opposed to the last 25 periods). Comparing estimated trembles treatment
by treatment we find that trembles are smaller when using only the last 25 periods. This is in line the QRE as behavior converges over time in our
experiment. Results are available upon request.
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demonstrates how attractive corruption through rent-seeking can be even when the consequence of rent-seeking on the
probability of winning elections is sizable. Our finding that with noise, increasing wages can reduce corruption as measured
by rent-taking implies that higher rewards from winning office likely works by increasing the costs to candidates of engaging
in corruption for a given degree of uncertainty in the effects on the probability of winning. So increasing wages can have a
negative causal effect on corruption regardless of the degree of uncertainty in the effects of corruption on the probability of
winning, and the likely mechanism is to increase the costs borne by candidates if engaging in corruption. Many theories of
such costs exist. However, aspects of our design render the more prominent alternatives unlikely candidates to explain our
data.

Costs of losing the election: One might suspect that the negative effect of wages on rent-taking is driven by efficiency wages
(Becker and Stigler, 1974; Akerlof, 1982).>> The argument requires a non-contractible effort stage (i.e. incomplete contracts)
in which election winners can be induced to expend costly effort by fear of losing valuable office in future elections. The
higher the wages, the more the incumbent stands to lose by misbehaving and the less she will engage in corruption. In the
set-up we use there is no effort stage for incumbents, and thus no room for a strict efficiency wage argument. Still, also in
our model higher wages reduce rent-taking due to the fear of losing a more valuable office. In outcomes this resembles the
efficiency wage argument. However, the underlying mechanism is not disciplining of misbehavior but platform competition.

Costs of not reciprocating kind acts: Could the negative effect of wages on rent-taking be due to a gift exchange relationship
(Akerlof, 1984; Fehr et al., 1993)? The basic idea is that politicians choose to abstain from misbehaving to reciprocate
generosity from voters in the form of high wages. Again, the mechanism requires an effort stage in which incumbents are
free to reciprocate. Thus, the absence of such a stage in our set-up shuts down the gift exchange channel. Furthermore,
attempts by candidates to reciprocate high wages by low rent-taking would give little meaning in our setting even in the
presence of an effort stage, given that wages are exogenously set and voters are computer programs and not humans.

Costs of deviating from a fair division: Potentially, the observed deviations from Nash equilibrium in our experiment could
be driven by outcome based fairness preferences (Fehr and Schmidt, 1999; Bolton and Ockenfels, 2000). However, such
preferences are unlikely to have traction in our experiment for at least three reasons. First, the games we use are symmetric
and the resulting equilibria are fair in the sense of giving candidates an equal share of resources in expectations. This holds
both for the model with and without errors in decision making. Second, and more generally, ample experimental evidence
has documented that fairness preferences are not likely to impact behavior in highly competitive environments in which
contracts are complete (e.g. Smith, 1982; Plott, 1989). Third, the conflict between voters and candidates is the one that
relates most directly to the effect of wages on rent-taking. By reducing rent-taking when wages are high the distribution
between voters and candidates becomes more even. But in our set-up there are no relevant distributive conflicts between
candidates and voters given that voters are computer programs and not humans.

Costs of inefficiencies: Lastly, is it conceivable that subjects disregard the welfare of the experimenter but are motivated
by efficiency concerns, possibly in combination with fairness preferences (Engelmann and Strobel, 2004)? If this is the case
they would want to extract maximal rents. All else equal, the incentive to deviate from a collusive agreement is stronger
the higher is the wage. It is possible that the negative relationship between wages and rent-taking reflects the difficulty
of establishing and maintaining collusive agreements for high wages. To succeed in colluding, however, challenging coordi-
nation problems must be overcome. Since pairs of candidates are randomly formed in each new game in our experiment
such collusion is unlikely to succeed. In online appendix G we substantiate the claim that collusion does not explain our
observations by further analysis of data.

7. Conclusion

In this paper we have investigated in the laboratory a simple rent-taking model of electoral competition in order to
study the effects of wages on corruption. We find that higher wages significantly reduce corruption in the experiments,
even when unpredicted by the orthodox theory, but in line with QRE predictions. We find that a major factor in how likely
electoral competition reduces corruption is also the degree to which there is noise in the effects of corruption choices on
the probability of winning. But the effects are not consistent. Holding wages constant, when noise is introduced it actually
reduces corruption initially, but for higher levels of noise, more noise increases corruption.

Our results may partially explain some of the mixed results in field studies of the effects of wages on corruption given the
inconsistent effects of wages depending on noise levels. Furthermore, we find that in a noisy environment while increases
in wages can reduce corruption, the effects are not nearly as strong as the orthodox theory would predict. Thus, it may not
be surprising that the effects of wages on corruption can vary significantly across countries and electoral environments.

From our results we appreciate that lower wages cause higher rent-taking both in the presence and absence of popularity
shocks. We note an interesting pattern in observational data. While increasing salaries seem to improve politicians perfor-
mance at the local level (Gagliarducci and Nannicini, 2013, van der Linde et al., 2014, Ferraz and Finan, 2009) there is no
clear evidence of such a relationship at the national or supranational level (Altindag et al., 2017; Mocan and Altindag, 2013;
Braendle, 2015, Fisman et al., 2015). This pattern might reflect higher expected costs of misbehaving due to more effective
non-electoral sanctions at these at national and supranational levels. In our controlled laboratory environment rent-taking

25 Coates (1999) applies the logic to politics.
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behavior remains fully anonymized and the only sanction for misbehavior is the electoral one. An interesting future avenue
might be to introduce third party auditing and sanctioning in the rent-taking model.

Appendix A. Supplementary material
Supplementary material related to this article can be found online at https://doi.org/10.1016/j.geb.2022.05.008.
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