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ABSTRACT

Taxpayer audits are a centra feature of the voluntary compliance system in the United
Staesfedera individud incometax. Audits are thought to have adirect deterrent effect
on theindividuds actudly audited. In addition, audits are believed to have an indirect
deterrent effect on individuals not audited, and there is some empirica evidence that
suggests that changes in audit rates affect compliance beyond the audited individuds
themsdves. However, empirical studies cannot measure or control for taxpayer
awareness of audit risk. Asareault, thereis no evidence on the magnitude of the effects
of audit risk awareness on taxpayer compliance; that is, the effects on compliance of the
ways in which taxpayers learn about — and communicate among themsdves — audit rates
are not known, and cannot be addressed or discovered by empirica studies. In this study,
we examine three types of communication about audit frequency and audit results using
laboratory market experimentsin which the audit setting and communication
opportunities are controlled. In al experimenta trestments, subjects are informed of the
objective probability that their return will be audited and the success rate of the audit
process. |n the base case sessons, the subjects receive no information about audit results
beyond their own audit experience. I1n a second trestment the same objective audit rates
arein effect, and subjects are aso told by the experimenter the actua number of audits
conducted during aperiod. Inthethird treatment the subjects are offered the opportunity
to send a“message’ to the other participants about their audit experience; subjects may
a so choose to send no message; and subjects may choose to send a message that is
truthful or not. The dataallow usto test hypotheses about the effects of two types of
communication of audit results, in order to explore the direct and the indirect effects of
audits “officid” communications from the “government” (e.g., the experimenter) and
“unofficid”, or informa, communications among “taxpayers’ (eg., the subjects). Our
resultsindicate that “unofficid” communications have a srong indirect effect that
increases compliance, but that “officia” communications may not encourage voluntary
compliance.



1. INTRODUCTION

Taxpayer audits are a centrd feature of the voluntary compliance system in the
United States federd individua incometax. Audits are thought to have adirect deterrent
effect on theindividuas actudly audited. In addition, audits are believed to have an
indirect deterrent effect on individuas not audited, and there is some empirical evidence
that suggests that changes in audit rates affect compliance beyond the audited individuds
themsdves. For example, in an econometric study using U.S. state-level reporting data
for the years 1977 to 1986, Dubin, Graetz and Wilde (1990) find that, for every dollar of
revenue produced because of taxpayer audits, an additiona six dollars of revenue were
generated from the indirect or “ripple’ effects. Tauchen, Witte, and Beron (1989) use
taxpayer audit data from the 1969 Taxpayer Compliance Measurement Program (TCMP),
and find that raising the audit rate had overadl a smaler impact, and one mainly felt on
high-income wage and sdlary workers; for this group of taxpayers, they estimate an
indirect effect of audits thet is almost three times the direct revenue effect.

Given the importance of auditsin the voluntary compliance system of the U.S, it
issgnificant that taxpayer audit rates have fallen dramaticaly since the 1960s, and have
continued their decline in recent years. In the early 1960s the percentage of individua
tax returns that were audited by the Internad Revenue Service (IRS) was about 6 percent,
and this percentage fdll to 2.5 percent by the mid-1970s. Over the next decade, the audit
rate fell further to roughly 1 percent. According to the Inspector Genera for Tax
Analysisreport in 2002, taxpayer audit rates have fallen another 56 percent between 1997
and 2001. Asaresult, a present well lessthan 1 percent of dl individua tax returns are

audited. Seenin the context of the Dubin, Graetz, and Wilde (1990) and Tauchen, Witte,



and Beron (1989) studies, the effect of declining audit rates is not confined to the direct
effect due to fewer audited taxpayers. Rather, thereis an indirect effect that extendsto
taxpayersin genera, who respond to the reduced overdl probability of audit by lowering
their compliance.

On baance, it seemslikdy that the decline in audit rates since the 1960s has
affected voluntary compliance. For example, it is estimated that government coffers have
been shortchanged by $7.2 hillion of “rea money” as adirect result of lower audit
frequency.! Assignificant as the dollar amount lost directly because of lower audit rates
is, it may paein comparison to the dollars lost indirectly through taxpayer responses as
they become aware of lower audit risk; that is, if theindirect effect of auditsislargdy
than the direct effect, as some empirica evidence suggests, then the revenue cost of
reduced audit ratesis sgnificantly greeter than $7.2 billion.

However, the magnitude of these impactsis dill largely speculative. Despite the
ingghts from empirica sudies usng fidd data on the direct versus the indirect effects of
audit rates on compliance, these studies cannot measure or control for taxpayer awareness
of audit risk. Asaresult, thereis no evidence on the magnitude of the effects on
voluntary compliance of audit risk awareness or of changes in audit rates. In particular,
there is no evidence on the impact on compliance — if any — of the ways in which audit
information is disseminated among taxpayers or communicated by taxpayers. Asaresult,
there is no evidence on the magnitude of the effects of audit risk awareness on taxpayer
compliance; that is, the effects on compliance of the ways in which taxpayers learn about
— and communicate among themselves — audit rates are not known, and cannot be

addressed or discovered by empirica studies.

! Seethe U.S. Department of the Treasury |nspector General for Tax Administration (TIGTA) (2002).



Indeed, the ways in which audits deter taxpayers from evading, whether from
their direct or indirect effects, is not well understood. According to Plumley (1996), “[i]t
isgenerdly believed ... that many taxpayers would percelve increased auditing by IRS as
an increase in their chances of being audited, and that they would improve their voluntary
compliance asaresult.” From this description, it is clear that audit-based deterrence
depends on taxpayer awareness of the level and year-to-year change in examination rates
as anecessary, though not a sufficient, condition. Therefore, avalid test for the existence
of indirect effects must ensure taxpayers are aware of the likelihood of audit. However, it
isunlikely that such awareness can be gleaned from data based on random taxpayer
audits. A grester degree of control ispossiblein field studies, but such data also may
contain abroad array of exogenous influences, such as changesin tax law or economic
conditions that may cause taxpayers to change their behavior during the period of study.
Indeed, some recent research (Alm and McKee, 2004) suggests that the presence of
random auditsis necessary if the systematic audits are to be effective; that is, random and
systematic audits are complementary beyond the direct use of random audits to verify the
efficacy of the systematic sdlection rules.

Since the questions pertaining to the indirect effects of audits are behaviord it
seems gppropriate to follow alengthy tradition (see Alm, McKee, and Beck, 1990; Alm,
Jackson and McKee, 1992) and utilize alaboratory market setting to investigate the
underlying behavioral factors contributing to spillover or indirect effects of audits. Thus,
the purpose of this study isto examine the roles of information dissemination and
taxpayer communication on voluntary compliance. In particular, we examine three types

of communication about audit frequency and audit results using laboratory market



experiments in which the audit setting and communication opportunities are controlled.
In dl experiment trestments subjects are informed of the objective probability that their
return will be audited and the success rate of the audit process. In the base case sessions,
the subjects receive no further information about audit results beyond their own audit
experience. In asecond trestment the same objective audit rates are in effect, and
subjects are d o told by the experimenter the actual number of audits conducted during a
period (and the fines collected in some versons of this trestment). In the third treatment
the subjects are offered the opportunity to send a“message’ to the other participants
about their audit experience; subjects may also choose to send no message; and subjects
may choose to send amessage that is truthful or not. The data therefore dlow usto test
hypotheses about the effects of two types of communication of audit results, in order to
explore the direct and the indirect effects of audits “officia” communications from the
“government” (e.g., the experimenter) and “unofficid”, or informa, communications
among “taxpayers’ (e.g., the subjects).

Our resultsindicate thet “unofficid” communications have a strong indirect
effect. Taken aswhole, such unofficid (taxpayer to taxpayer) communicaions result in
higher compliance but some forms of such communication actualy reduce compliance.
Briefly, the data show that communication regarding the incidence of audits and that the
individua has complied with income reporting leed to higher compliance throughout
while communication that individuals were not audited or that they had not complied
tends to lower overal compliance. Indirect effects of audits exist but are more
complicated than Smple demondration effects. Reporting fines collected does not lead

to higher compliance when other forms of feedback information are taken into account.



2. THEORY

The economic mode of income tax evasion (Allingham and Sandmo 1972) is
based on the economics-of-crime approach pioneered by Becker (1968). This mode
focuses on the income reporting behavior of taxpayers, and ignores other forms of

evasion such as non-payment, excessive reporting of deductions, and non-filing.2

Initssmplest form, an individua is assumed to receive a fixed amount of income
I, and must choose how much of thisincome to declare to the tax authorities and how
much to underreport. Theindividua pays taxes at rate t on every dollar D of income that
is declared, while no taxes are paid on underreported income. However, the individud
may be audited with afixed, random probahility p; if audited, then al underreported
incomeis discovered, and the individual must pay apendty at rate f on each dollar that
he or she was supposed to pay in taxes but did not pay. The individud'sincome | ¢ if
caught underreporting equas | = I-tD-f[ t(1-D)] , while if underreporting is not caught
income Iy isIn=1-tD. Theindividua chooses declared income to maximize the expected
utility ? U(1) of the evason gamble, or ? U()=pU(Ic )+ (1-p)U(IN ), where ? isthe
expectation operator and utility U(1) isafunction only of income. This optimization
generates a standard first-order condition for an interior solution; given concavity of the

utility function, the second- order condition will be satisfied.®

2 Cummings, Martinez-Vazquez, and McKee (2001b) have investigated the effect of
dternative forms of evason, and find that individuas respond to rel ative enforcement by

choosing the evasion mode with the lower expected pendlty.

3 Thefirst- and second-order conditions are, respectively (where each prime denotes a derivative),



Comparative gatics results are eadly derived. It is sraightforward to show that
an increase in the probability of detection p and the pendlty rate f unambiguoudy increase
declared income.* An incresse in income has an ambiguous effect on declared income,
an effect that depends upon the individual's atitude toward risk.> Surprisingly, an
increasein the tax rate t has an ambiguous effect on declared income. A higher tax rate
increases the return to cheating, which reduces the amount of declared income. However,
ahigher tax rate dso reduces income; if, asis usudly assumed, the individud exhibits
decreasing absolute risk aversion, then the lower income makes the evasion gamble less
attractive and declared income increases accordingly. In fact, it is Sraightforward to
show that a higher tax rate will increase declared income when the penalty isimposed at
aproportional rate on evaded taxes.

The standard model has been modified in a number of ways® A variation that
illugtrates quite smply the fiscal incentives for compliance isto assume that the
individud isrisk neutral. As shown by Alm, Jackson, and McKee (1992a) and Alm,
McCléland, and Schulze (1992), arisk-neutrd individua will determine the amount of

income to declare to tax authorities (D) based on the following expected vaue (EV)

22U(1)/7D = pt(F1)U’ (Ic ) - (1-p)tU’ (In) = O

2 2U(1)/?D% = p[t(f-1)]2 U (Ic) + (1-p)t? U (Iy) < O.
* For example, total differentiation of the firstorder condition demonstrates that the impact of achangein
the probability of audit on declared incomeis given by

?D/2p = -[t(F)U’ (Ic) + tU' (In)]/[ptA(F1)?U” (Ic) + (1-p)t°U” (In)] -

Given the second-order conditions (and the obvious requirement that f>1), the sign of this expressionis
unambiguously positive. Other comparative statics resultsare similarly derived.

° There are two standard measures of risk aversion that are considered in expected utility theory. Oneis
absolute risk aversion A(l), equal to—U" (1)/U’(1). The second isrelative risk aversion R(1)/-1U” (N/U’(1).
Itistypicaly assumed that A(l) decreases with income, while R(l) increases with income.

® See Alm (1999) and Andreoni, Erard, and Feinstein (1998) for reviews of extensions to the standard
evasion model.



rlaionship: EV = | —td—pf [t (I = D) ]. Maximizing EV with respect to D indicates that
an individud will optimaly report dl income when pf > 1, and will report zero income

if theinequality isreversed. Using thisinequdity, we can follow Alm, McCleland, and
Schulze (1992) to determine the combination of audit rates and fine rates that will induce
arisk neutrd individua to report dl income. For example, when f equals 2, then the

audit rate must exceed 50 percent to induce taxpayersto report al of their income; if the
finerate equas 5, then the audit rate must exceed 20 percent. Similarly, if the audit rate
equals 1 percent (asit doesinthe U.S), then any fine rate less than 100 will lead arisk-
neutral individual to report zeroincome.” Theincorporation of risk-averse behavior,

especidly at low audit probabilities (Bernasconi 1998), will affect these caculations.

However, this anadys's assumes that taxpayers know the audit rate. What is
unavoidably and necessarily missing from the empirica work of Tauchen, Witte, and
Beron (1989) and Dubin, Graetz, and Wilde (1990) isamode of the manner by which
information concerning the true audit rate is communicated among and understood by the
taxpayers. The IRS does not announce that it will be raisng or lowering the audit rate.
As emphasized by Plumley (1996), an open empirica question is how ataxpayer forms
an assessment of the probability of audit and then responds to changesin this audit rete.
Put differently, we do not know how information is disseminated and communicated; that
is, how do taxpayers learn that the audit rate is declining and adjust their behavior to
generate the reported result? We address this learning phenomenon in our experimental

design, as discussed in the next section.

" Animplied assumption is that auditors are 100 percent successful at finding unreported income.



3. EXPERIMENTAL DESIGN

The experimenta design captures the essentid features of the voluntary income
reporting and tax assessment system used in many countries® Human subjectsin a
controlled laboratory environment earn income through their performancein atask. The
actua income earned is determined by the relaive performancein thistask. The subjects
must decide how much of thisincometo report to atax agency. Taxesare paid on
reported income, and no taxes are paid on unreported income. However, unreported
income may be discovered, via an audit, with some probability and the subject must then
pay the owed taxes plus afine based on the unpaid taxes. This reporting, audit, and
penaty processis repeated for a given number of rounds that each represent atax period,
and isreplicated with different sets of subjects. At the completion of the experiment,
each subject is paid earnings equal to the laboratory market earnings converted to US
dollars.

Since these are experiments designed to inform policy makers they must satisfy
Smith's (1982) precept of parallelism. Pardldism is satisfied when the experimenta
Setting captures the essentiad dements of the decision problem faced in the naturdly
occurring setting. It is not necessary (nor isit desirable) that the experiment setting
implement dl of the complexity of the naturdly occurring setting (Flott, 1989). Inthe
current setting subjects earn income, disclose income, and face an audit process smilar to
that in the naturaly occurring setting. While the stakes are smdll, the decison setting is
adso smplified rdative to that of the naturd setting. The policy question is the nature of

the indirect effect of audits. Thusthe design specificaly addresses this question by

8 Thefull set of experimental instructionsis available upon request.



varying the prior information concerning audit probabilities and by providing various
types of audit result information to the subjects.

Our basic experimenta design follows the essentid dements of Alm, Jackson,
and McKee (19923, 1992b, 1993) and Alm, McCldland, and Schulze (1992), but
incorporates a number of additiona features to improve paralelism with taxpayers
decison making in the naturally occurring world. For example, here subjects earn
income rather than recaiving an endowment and these experiments utilize tax language in
the ingtructions and the computer interface.

Subjects are recruited from undergraduate classes in economics and business’
Upon arriva at the lab, the subjects are organized into groups of Six to eight persons with
multiple groups in each sesson. The subjects do not know who isin their group, only the
number in their group and that there are at least two groups in the session. Basic
ingtructions are provided via hardcopy while the main ingtructions are provided viaa
series of computer screens and practice rounds. Subjects are not alowed to communicate
with one another during the session except when alowed via the computer interface.
They aretold that the experiment will last an unknown number of periods; in actud
practice the number of sessions was predetermined, and the sessions lasted for 30 redl
rounds. After the practice rounds are completed any fina procedurd questions are
answered. The full experiment then begins. Sessions last approximately 90 minutes, and

subject earnings ranged from $19 to $37, depending upon his or her performance during

® Recruiting was conducted through announcementsin various classes and asign up viaaweb pagein
which the subjects posted their contact information and the time blocks of their availability. Subjects were
permitted to participate in only one tax experiment, although other experimental projects were ongoing at
the time and many participated in other types of experiments. We actively discourage “snowball” sampling
in which recruited subjects bring additional subjectsto a session. When we recruit subjects, we do not
reveal the exact nature of the experiment. All experimentswere conducted at the University of Tennessee
at Knoxville.



the experiment. Subjects are told that payments will be made in private at the end of the
session, that al responses are anonymous, and that the only record of participation that
contains their name is the receipt Sgned when they receive their payments.

The earnings task requires the subjects to sort the digits 1 through 9 into the
correct order from arandomized order presented in a3 by 3 matrix. They do thisby
pointing the computer mouse at the numbers and “clicking” on the numbers in the correct
sequence. On the computer screen a3 by 3 matrix with the digitsin random order
appears on the right side of the screen and as the numbers are “clicked” they appearina 3
by 3 matrix on the Ieft Sde of the screen. A counter on the screen shows the elgpsed time
from when the firs number is“clicked” and when dl nine have been ordered, the subject
clicksthe “Continue’ button to tranamit thistime to the server. Actud incomeis
determined by the relative speed of performance, with the fastest performer receiving the
highest income and the dowest performer receiving the lowest income. Once al subjects
have completed the income task, they are informed viathe computer of their income for
the round and presented with a screen that resembles atax form in which they report their
income. This screen informs the subjects of the tax policy information in effect for the
sesson. Inal treetments they are informed of the current tax rate and the pendlty rate
applied to non-disclosed income. In some treatments they know the current probability
of an audit while in othersthey must infer this from their own experience and, depending
on the treatment, on the post-audit information provided. As noted above, these
experiments present the ingtructions and computer interface using tax language. In
keeping with the central objective of thisinvestigation, certain parameters (e.g., the tax

rate and the pendty rate) are fixed throughout the experiments so that we may focus on



the effect of information concerning audit results. All audits investigate only the current
period disclosure.

The experimentd design implements three basic treatments, as shown in Table 1.
There are four different audit rates employed (0.05, 0.10, 0.30 and 0.40), and these are
applied in each of the information trestments. The tax rateis set a 0.35 throughout the
experiments, and thefinerate is set at 150 percent. Thereisno public good in these
experiments. The currency used in the experiment is caled “lab dollars’ and subjects are
told that al lab dollars they earn during the experiment will be redeemed for cash a the
end of the experiment at afixed converson rate of 100 lab dollarsper 1 U.S. dallar.

There are severd ways in which information regarding the audit activity of the
IRS can reach the taxpayers and, potentidly, affect their compliance behavior. We
investigate two different information transmisson mechanisms. In thefirg, the subjects
are provided some “officid” information from the tax authority. The smplest
information hereis areporting of the number of audits that actualy occurred in the
previous period. In the richer settings, the officid information is expanded to include the
average fines collected as well as the number of persons audited. In the second
information trestment the sUbjects are given the opportunity in each round to send one
message to the other personsin their group. The possible messages are reported in Table
2 and each person may send only one message in around. We refer to thisas
“unofficid” information. The experimenta setting does not impose the requirement that
the information tranamitted be truthful. Before the next round begins the subjects receive
a screen that reports the messages sent by the othersin their group. The information is

presented in atable showing the frequency of each message. Since the actual number of



auditsis not reported in this setting, there is no means by which the subjects can verify
whether thisinformation is truthful.° At the end of the experiment, we also ask the
subjectsto report their age, gender and whether they prepare and file their own taxes. If
they respond “No” to thislast question, we assume that their parents are responsible for
this, given that our subjects are typically sophomores or juniors.

The process of determining who is audited is given by a computerized draw of a
colored ball from a bucket on the subject’s computer screen. In this bucket there are 20
bdls with the number of blue ones determining the audit probability. A white ball
sgnifies“no audit” and a blue one denotes an audit. This gpproach issmilar to that used
in some previous evasion studies (Sour 2001; Cummings, Martinez-V azquez, and McKee
2001a, 2001b), but differs from Alm, Jackson, and McKee (1992a, 1992b, 1993) and
from Alm, McCldland, and Schulze (1992) where a mechanica bingo cage was used.
When the audit probabilities are not announced the bingo cage does not gppear on the
screen. After the subject files there isadelay while the server performs arandom process
that isidentical to that used by the virtual bingo cage and announces to the subject
whether they were audited on not.

After the audit process has been completed, the subjects are presented a screen
that provides the earnings and audit outcome summary for the round. Where
communication is allowed, the subjects then choose to send one of the messages reported
in Table 2 and they are told that thiswill be sent to dl the personsin their group. After

al subjects have sent a message the subjects in this trestment receive further feedback in

19 Thiswould be an interesting interaction to investigate. In the field, individuals may know the IRS audit
results and also receive information from individuals that they know or know of. However, the numbers of
taxpayersin thefield are so large that it is unlikely that one could combine these data to know whether the
person they were communicating with spoke the truth.



the form of atable that reports the number of persons sending each of the messages. In
the treetment for which the information is provided by the tax authority, the subjects see a
screen that reports the results of the audits: the number audited, the totd fines collected
and the average fine collected. All of these are the results for their group.

A totd of 326 subjects participated in the experiments reported here. The number

of subjects participating in each treetment is shown in Table 1.

4. BEHAVIORAL HYPOTHESES

We define “compliance’ as declared income divided by actud income in the
following discussons. There are severd basic behaviora hypotheses that are typicaly
investigated. For example, rationd individuds are predicted to increase compliance
when the audit probability increases. Asfor responseto prior (or lagged) audits, an
individua audited in one round may in the immediately following round ether increase
or decrease compliance. However, two motives would suggest lower subsequent
compliance. Thefirg isthe“gambler’sfdlacy”, or the notion that “If | was audited in
the last round, then thereisless chance | will be audited thisround”. The second isthe
prospect of “catching up”: snce an audit may have resulted in aloss of income, an
individud may attempt to redress this through subsequent evasion. Higher leves of
income imply higher absolute tax burdens (since the tax rate is the same for dl income
levelsin the experiment). Thus, individuas with higher incomes will earn higher payoffs
from evason, and so we predict that compliance will vary inversely with income.

The above hypotheses are investigated in the course of our empirica analyss

reported below. However, the focus of the current research is the indirect effect of audits



and the experiments are designed to provide different forms of information feedback so
that we can investigate the effects of the information on subsequent compliance behavior.
In particular, the information feedback alows us to investigate the attributes of the
information that contribute to increased compliance and those that lead to reduced
compliance.

The tax authority often announces the potentia for being audited during a given
period. Although this announced audit probability is predicted to influence behavior
directly, it islikely that taxpayers will make use of subsequent information to refine their
subjective estimates of individua audit probabilities. The tax authority may announce
the number of audits actually undertaken in the previous period, the totd fineslevied,
and/or the average fine levied. The less certain the announced audit probability the more
such subsequent information will be used to alow individuas to update their audit
prospects. We hypothesize that individuals underestimate their priors regarding audits,
thus updating increases the expected audit risk. If so, individuaswill reduce their
compliance rate relative to what they would have done knowing only the announced audit
probability. We expect that the announcement effect will be to increase compliance, and
thus the coefficient on Official sources of information will be postive and we have these
specific hypotheses:

H1: The official announcement of the number of auditsin the previous period will,
ceteris paribus, increase compliance.

H2: The official announcement of the result of audits (fines collected) in the
previous period will, ceteris paribus, increase compliance.
Individua taxpayers may engage in communication with friends and

acquaintances concerning their experiences at the hands of the tax auditors. Alm and



McKee (2004) investigated the effects of pre-filing communication on tax reporting
behavior when the tax authority selected individuas for audit on the basis of relative
reporting behavior. They found that taxpayers were able to focus on the better (lower
compliance) equilibrium with such communication. In this paper theissue is whether
communication concerning audit selection and audit outcomes leads to higher or lower
compliance. If we continue with the above maintained hypothesis that individuas under
estimate the probability of audit and over estimate the success of the audit agency, then
communication will work in the same direction as the officid release of information.
Under expected utility theory both types of information during communication would
have the same effect on compliance. Under non-EU models (such asloss aversion)
individuas will over weight information that audits are successful and will increase their
compliance. To the extent that paying taxesis viewed as asocia contract (see Alm,
Jackson and McKee, 1993) communication that others comply will dso lead to higher
compliance. Thus, the effect of Unofficial communication on compliance seemslikely to
be postive:

H3: Unofficial communication among taxpayerswill, ceteris paribus, increase
compliance.

The range of possible messagesin Table 2 is quite large but it is possible to group
these into some broader categories. For example, two messages (5 and 7) are that the
individua does comply with the tax law. In another instance, three messages report that
one was audited (3, 5, and 7) and three that one was not audited (2, 4, and 5). These
classfications dlow usto investigate the rel ative effects of information that the tax

authority would view as positive or that it would view as negative. Thus



H4: Reports that others comply with the tax rules will lead to higher compliance
on the part of individuals receiving this information.

H5: Reports that others have been audited will lead to higher compliance on the
part of individuals receiving this information.

H6: Positive information will have a greater impact than negative information.
At this stage in our andyss we do not evauate the veracity of the unofficid
communication. Taxpayers are able to reved information that is truthful or untruthful.
The experimentd setting alows both just as would arise in the naturdly occurring
Setting. The next section presents our experimenta results and our tests of these

hypotheses.

5. EXPERIMENTAL RESULTS

The experimenta data condtitute a pandl with 326 subjects and 30 decison
rounds. Each subject makes one decision in around — the income to report. The
potentia explanatory variables are the experimentd treatments, the results from previous
rounds, and certain subject factors. Given this structure there are several options for
andyzing the data. We have dected to utilize a pand estimation technique thet alows us
to address certain characteristics of the data at the expense of foregoing some other
factors.

Thus, we employ a pand structure that accounts for pand- specific
heteroskedasticity. However, this precludes the use of fixed effects estimation and so
does not dlow us to address unobservable subject effects. We do collect some subject
characterigtic data and find that one particular variable does systematicaly affect

estimated compliance behavior. But, clearly, we may be missng some unobservable



effects. Further, our dependent variable data are potentialy censored in that the
compliance rate is bounded by zero and one. Thus atobit estimation may be justified.
However, the only consstent estimator currently available for use with a pand dataset is
the random effects (RE) estimation and the digtributiona assumptions required of the RE
estimation do not seem to be judtified here. Thus, we opt for the use of the cross-section
time series (pand) estimation that incorporates pand- gpecific heteroskedastic error
terms.™

The experimentd design suggests that the amount of income declared by a

taxpayer in each round is of the generd form:

Comprate= [ + [} Income + (3 Wealth + (33 Praudit + (3, Lagaudit + 35 XXX +e

where Comprate is the compliance rate (calculated as Declared/Income), Income isactud
income, Wealth is accumulated earnings, Praudit is the audit rate, and Lagaudit isa
dummy varigble equd to 1 if the individua was audited in the previous period and O
otherwise. Previousempirical sudieswith Declared as the dependent variable generdly
find positive Sgns on the varigbles Income and Praudit. The variable denoted XXX
represents information trestments that are investigated to determine their effects on

taxpayer compliance. Summary statistics for the variables used are reported in Table 3.

We report the results of our estimations for various specificationsin Table4. The
samplest specification has only subject factors and is reported asMode 1 in the table.
The results for this specification demondrate that the subjectsin these experiments
exhibit behavior amilar to that reported in previous research investigating compliance

behavior. Compliance increases with higher probability of audit but decreases with

1 All estimations are undertaken using the xtgls estimation in STATA release 8.



higher income and wedth aswell asfor individuas indicating that they prepare their own
tax returns.

The more interesting results emerge as we investigate the effects of various
information feedback trestments to understand the indirect effects of audits. In Mode 2
it isclear that Unofficial information (communication by subjects) has the effect of
increasing compliance even as we introduce a treetment for whether the actud audit rate
was announced (PrAudAnn). It gppears that announcing the audit probability lowers
compliance, which would suggest that individuas overestimate the audit probability
absent specific information.

In Models 3 and 4 we report the results when we decompose the Unofficial
information to alow us to focus on common eemernts in the messages. We seein Model
3 that messages that report evasion lead to lower compliance while those reporting
compliance lead to higher compliance. The relative magnitude of the effects suggests
that the compliance messages increase compliance than the evasion messages lower
compliance. The overdl indirect effect isto increase compliance. It also gppears that
individuas attempt to play “catch up” following an audit. Given the structure of the
experiment it isimportant not to attach too much sgnificance to this effect. Thereare no
conditiond future auditsin the experimenta setting. Previous work (see Alm, Cronshaw,
and McKee, 19xx) has shown that conditioning future audits on past, detected, evasion
leads to substantia increases in future compliance.

In Mode 4 the effect of messages reporting audit events is smilarly shown to be
asymmetric. Messages that convey past audits (LagSumYes) increase overdl compliance

while those that convey absence of audits (LagSumNot) do not have a sdidicdly



sgnificant effect. Bad news has greeter impact and thisis consstent with individuds
adopting non-expected utility behavior. Decison modds that emphasize bad outcomes
(such asloss aversion) predict that individud will overweight (probability or outcome)
bad events.

Modd 5 reports results when dl of the Unofficial communication aggregetes are
included. Despite the potentid for multi- collinearity, we see that the individua messages
that atax authority would regard as good (audited and complied messages) jointly
contribute more to increased compliance than do messages the authority would regard as
bad. What isless satisfying is that the message theat the tax authority could send
regarding totd fines collected in the previous period has a negative effect on compliance.

Overdl, the coefficients on the included variables are quite Sable across
gpecifications. Summary datigtics for overall goodness of fit improve as we read across
Table 4 from left to right. Unofficial communication generaly improves compliance
when taken asawhole. However, the possbility exists for such communication to
worsen compliance if there is a bias toward providing information conveying the
weakness of the audit process and the extent of non-compliance. Thisis potentidly
worrisome for the tax authority and will be taken up in the next section. Of the Official
information that can be transmitted, it would gppear that the mention of fines imposed
(collected) will worsen compliance as it has a negative indirect effect. Thisisaso
worrisome for the tax authority. Further, this result contradicts the broad class of
decision modd s that weight bad outcomes (loss aversion and rank dependent expected

utility for example).



6. CONCLUSIONS

We have alarge and somewhat complex dataset and, undoubtedly, there are
additiona tests and specifications that will be investigated as we continue to analyze our
data. At this stage, however, we have drawn severd conclusions from our andysis as
described in the previous section.

With the above caveats in mind, we believe that our current results are interesting
and provocative. Of perhgps mogt interest isthe finding that the officid provision of
previous audit information by the tax authority has a negative effect on subsequent
compliance, while the provison of unofficid information (and the dlowance of
communication) by the taxpayers themselves increases compliance. Future work will
attempit to explore these linkages between information, communication, and compliance
in more depth.

We cannot use our results to answer the question how largeis the indirect effect
of audits? Such questions require the use of field data and gave been addressed by the
work of Dubin cited above. However, the experiments can address some of the
behaviord questions concerning the mechanism by which the indirect effects are
manifest. Wefind that there is an asymmetry — messages that report audits and
compliance have alarger absolute effect — and this supports the overal result that
unofficia communication among taxpayers has the potentid to increase overal

compliance beyond the levels that individua audits done provide.



Table 1 — Experimental Design?

Communication

Information No Yes
Do Not Publicly Announce Audit T1 T3
Resaults Tla—48 T3a—62

Tlb-32 T3b-40
Publicly Announce Audit Results T2

T2a-72

T2b-72

& The number of subjects participating in each treatment is reported. Treatments denoted
aare those where the audit rate (probability) is announced. Those denoted b are where
the audit probability is not announced. All treetmentslast 30 rounds. In all trestments,
the tax rate is 0.35, the fine rate is 1.5, subjects are organized into groups of eight
persons, and the income range is the same for dl sessions (the maximum is 100 lab
dollars and the minimum is 60 lab dollars, in increments of 10 &b dollars with 2 persons
in eech income levd).

Table 2 — Possible M essagesin Treatment 32

M essage M essage Content

Do Not Send a Message

| Was Not Audited

| was Audited

| Was Not Audited and Did Not Report al my Taxes

| was Not Audited and Reported al my Taxes

| Was Audited and Did Not Report al my Taxes

N OO~ WIN|F

| Was Audited and Reported all my Taxes

& Subjects are only permitted to send one message from thislist in each round. They
must send a message before they can proceed to the end of the current period.



Table 3— Summary Statistics

Variable Definition Mean | Standard
Deviation

Comprate Compliance rate, defined as (Declared/Income) 0.553 0.448

Income Income earned via the earning task for current round 80.22 12.13

Wedth Accumulated earnings to date 944.60 | 560.18

Praudit Probability of an audit 0.214 0.145

Cfficd Actua number of audits from previous round, reported 0.442 0.49
via computer to subjects

Unofficid Dummy variable equd to 1 if communication between 0.313 0.47
subjectsis alowed viacomputer and O otherwise

Lagaudit Dummy variable equd to 1 if theindividud was audited 0.169 0.40
in the previous period and O otherwise

Lagpendty The value of the penalty assessed in the previous period:
equals zero if not audited

Preptax Dummy variable equd to 1 if theindividua saysheor 0.341 0.460
she prepares and files their own taxes and 0 otherwise

Praudann = 1if subjects were informed of the audit rate prior to 0.558 0.496
reporting income

Lagsumnot Number of subjectsin group sending a message that 1.352 2.169
included not being audited (2, 4 and 5 — Table 2)

Lagsumyes Number of subjectsin group sending a message that 0.553 1.109
included being audited (3, 6 and 7 — Table 2)

Lagsumevade Number of subjectsin group sending a message that 0.593 1.133
included tax evason (4 and 6 — Table 2)

Lagsumcomp Number of subjectsin group sending a message that 0.573 1.087
included tax compliance (5 and 7 — Table 2)

Lagtotfine Thetotd fine paid by those in the subject’ s group 26.3 6.87

audited in the previous period (if thisinformation was
reported to the subject in the trestment)




Table 4 — Egtimation Results

Specifications
I ndependent Modd 1 Modd 2 Modd 3 Modd 4 Modd 5
Variables
Constant 0.788*** 0.949*** 0.952+** 0.960* ** 0.939***
(28.16) (34.39) (35.33) (35.56) (35.41)
Income -0.0014*** -0.0018*** -0.0018*** -0.0019*** -0.0018***
(4.35) (6.03) (5.99) (6.13) (6.00)
Wedlth -0.0003*** -0.0002*** -0.0002*** -0.0002*** -0.0002***
(33.96) (33.16) (32.28) (33.18) (31.45)
Praudit 0.708*** 0.702*** 0.684*** 0.679*** 0.568***
(27.32) (28.55) (27.56) (26.56) (22.19)
Lagaudit 0.2123***
(15.93)
Lagpendty -0.0305*** -0.0294*** -0.0294*** -0.0295*** -0.0458***
(26.45) (26.16) (25.85) (26.19) (30.13)
Round 0.007*** 0.006* ** 0.006* ** 0.006* ** 0.0055***
(7.19) (6.52) (6.59) (6.50) (5.99)
Preptax -0.0268*** -0.0376*** -0.0348*** -0.0375*** -0.0318***
(3.39) (4.97) (4.64) (5.00) (4.32)
PrAudAnn -0.262*** -0.274*** -0.271%** -0.271%**
(36.58) (37.19) (36.73) (37.89)
Officia -0.0127
(1.39)
Unofficia 0.0435***
(4.45)
LagSumEvade -0.0172*** -0.0250***
(4.87) (5.06)
LagSumComp 0.0367*** 0.0221***
(10.05) (3.72)
LagTotFine -0.0039*** -0.0037*%**
(5.02) 4.71)
LagSumNot -0.0004 0.005
(0.19) (L.77)
LagSumYes 0.0236*** 0.0159***
(6.35) (342
wadd 2855.19*** | 4485.57*** | 4717.64*** | 4625.19*** | 4993.32***
Log-likelihood -4461.05 -3964.511 -3913.104 -3934.132 -3819.12

& The dependent varidble is the compliance rate (COMPRATE). These estimations are
panel modds usng feasble generaized least squares estimators. In dl estimations, the
number of observations is 9454, the number of subjects (pandls) is 326, and the number

of time periodsis 29 (omitting period one for the lag operator). The numbersin

parentheses are z-gatigtics. Significance levels are denoted as. * 0.10, ** 0.05, *** 0.01.
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