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Abstract:

Conditional audit rulesare designed to achieve regulatory compliance withfewer inspections thanrequired
by random auditing. A regulator places individuas into audit pools that differ in probability of audit or
severity of fine, and specifies trangtion rules between pools. Future pool assgnment is conditiona on
current audit results. We conduct an experiment to compare two specific schemes — Harrington's Past
Compliance Targeting and Friesen’s Optimd Targeting — againgt random auditing. Wefind a production
possibility frontier between compliance and minimizinginspections. Optimal Targeting generatesthelowest
inspection rates as predicted, but random auditing the highest compliance. Past Compliance Targeting is
intermediate.
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[. INTRODUCTION

How can a tax or environmenta agency maximize the effectiveness of a limited enforcement
budget? Since Becker (1968) economists have attempted to answer thisquestion using therationa choice
framework, predicting when individuds or firmswill or will not comply with costly regulations. Based on
thisframework, economistshave employed thetoolsof gametheory to propose audit schemesto maximize
compliance per inspection, or minimize inspections per compliance. More recently, economists have
designed conditiond audit schemesthat exploit observable sgnds about firms or individua's, suchasrecent
inspection record, that may be correlated with their current unobserved behaviour. Unfortunately, it has
been difficuit to evauate these various audit schemes empiricdly because individud violators tend to
conced their actions.

While empiricd tests have been rare, conditiona audit schemes have been explored in a steady
stream of |aboratory economics experiments (as surveyed in Alm and McKee (1998)). Here subjects
ether earn or are given increments of income, whichthey are then asked to disclose in order that some of
the money be deducted. Motivated from the tax compliance literature, these experiments have tested the
effects on compliance of dternate fines, ingpection probabilities, uncertainty as to taxable income,
amnesties, tax rates, and many other variables. Relevant here, they have dso tested aseries of conditiond
audit rules, oftenample rules of thumb, that make probability of inspection dependent on subject behaviour

within the experiment. While dways interesting, the conditiond audit rulestested have not generdly been
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explicitly derived from theory, and so make no clams to having been optimally designed.

This paper reports onaseries of laboratory
experimentsthat compareingpectionand compliancerates for two “forward looking” conditiona audit rules
againg a control rule equivdent to smple random auditing. The two mechanisms are Past-Compliance
Tageting(PCT), as proposed by Harrington (1988), and Optima Targeting (OT), as proposed by Friesen
(2000). Both schemes explait information from immediate past audits to assgn individuas to one of two
audit pools, which we dub the “Green” and the “Red.” The Green audit pooal is for “good” firms, and
imposes a lower probability of audit than the Red audit pool for “bad” firms. The PCT rdlies on the
outcomes of audits to transfer individuds in either direction between audit pools. In contrast, the OT
mechanism randomly transfers individuals from the Green pool to the Red, and uses audit outcomes only
to enable repentant individuals to escape the Red pool and re-enter the Green.

By using two audit pools, both mechanisms augment the punishment for non-compliance beyond
the immediate fine to incdlude the threat of greater future scrutiny.  Compared to random auditing both
schemes promise to require a lower frequency of ingpections to achieve a desired leve of compliance.
However Harrington's PCT assumes the rules governing transfer betweenthe groups, whereasin OT the
trangtionrulesare optimdly derived. Thus, for agiven target rate of compliance, Harrington’ sPCT should

require fewer ingpections inequilibrium than random auditing, but Friesen’s OT should require fewer ill.

Wefind that both mechanisms do indeed succeed inlowering overal inspectionrates, though only



Conditiona Audit Schemes 4

Friesen’ sdoes so sgnificantly. However neither mechanism achievesthe overal compliancerate achieved
by random auditing, and Friesen’s in particular is dgnificantly lower. If the ratio of compliance over
ingpectionrate istakenasanordina measure of overdl efficiency, Harrington’ sPCT outperforms Friesen's
OT, which outperforms random auditing. Publicizing the results of audits had no Sgnificant effects in the
neutral setting of the experiment.

The paper isorganized asfollows. Section Two providesareview of conditiond audit rulesin the
tax and environmental compliance literatures. Section Three describes the PCT and OT schemesin
particular, and the design of the experiment used to compare them. Section Four describesthe results of

our experiments, and Section Five concludes with a discusson of our findings.

1. SQUEEZING BLOOD FROM A STONE —CHEAPLY

In Theory

Gary Becker (1968) wrote asemind paper extending the rationa choice modd of the household
to the domain of law enforcement. Individuds will violate a codtly law if ther anadlyss of the expected
benfit of doing so outweighs the costs (getting caught). Allingham and Sandmo (1972) first gpplied this
framework to tax evasion usng a smple random audit rule. Here the probability of audit and fine for
evasion became key parameters. Theorigts then turned their attention to using observable information
supplied by taxpayers to design more cogt-efficient auditing rules. 1n one branch, Reinganum and Wilde

(1985) use aprincipd agent framework to propose that agenciesexploit the level of income that taxpayers
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report to determine whom to audit. Agencies could choose a “cut-off ” level of reported income below
which dl individudsin a given class are audited.

In a second branch, theorists proposed that agencies exploit an individud’s audit record when
determining whomto audit. Rickard, Russell and Howroyd (1982) proposed that the results of aperson’s
current audit be used to determine his probability of back audits. Alternatively, Landsberger and Meilijson
(1982) proposed that a person’s current audit be used to determine his probability of future audits. The
latter authors showed that by targeting audits according to current audit outcomes, agencies could increase
tax revenue for a given enforcement budget and fine scheme. While Landsberger and Meilijson
demonstrated that schemes exist that are more cost-effective than random auditing, they did not seek to
identify an optima rule.

Greenberg (1984) extended L andsberger and Mellijson’ sandysisusng arepeated game-theoretic
approach. Greenberg proposed three audit groups, G1, G2, and G3, each with its own probability of
ingpection, and rulesfor trangtionthat were conditiona on audit status. Individuas caught under-reporting
income in G1 would be transferred to G2. Those caught smilarly cheating in G2 would be trandferred to
G3, or if found in compliance, transferred back to G1. The third group serves as the ultimate deterrent,
threstening certain audit and no chance of escape once entered. Greenberg showed that tax evasioncould
be greetly reduced fromthat predicted under randomauditing. For thetax agency need only audit with tiny
probability in G2 because of the great future cost to tax filersthreatened by transfer to G3. Unfortunately,
the spectacular gains in compliance derived partly from the assumptions of zero discounting and

uncongrained fine levds.
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Harrington (1988) extended the application of Greenberg’ sforward looking conditiona audit rule
to the realm of environmenta regulation. Forward based rules are particularly relevant for environmentd
regulation, because back auditsof past compliance might not befeasible. Harrington reduced thedecision
space of the regulated firmsto “comply” or “violate,” but aso incorporated a postive discount rate and
congraints on maximum fine Sze. These changes combined to reduce the potentid efficiency gains from
conditiona auditing. Nonetheless, a given compliance rate could gtill be achieved with fewer ingpections
thanwould be needed withrandom auditing, evenwhenthe number of audit groups was reduced fromthree
to two.

Harrington solved endogenoudy for the ingpection probabilities and fines that would minimize
ingpections needed to induce adesired overdl compliancerate. Therulesgoverning trandtion betweenthe
audit groups, however, were assumed rather than solved.! More recently, Friesen (2000) retained
Harrington’s binary decision approach for two groups, but made the entire structure of trangition rules
between groups endogenous. This was shown to further reduce the inspection rate needed for a desired
level of compliance. While Friesen’s*Optimd Targeting” (OT) scheme damsgreater cost efficiency than
Harrington's *“ Past-Compliance Targeting” (PCT) scheme in equilibrium, it holds for a narrower range of
parameters. In particular, while neither scheme can be used when pursuing 100% compliance, PCT can
be used for higher target rates than can OT.? To our knowledge, the PCT and OT schemes are the only
two forward-looking conditiona audit rulesto be formally derived.

In Practice.

A limited number of empiricd tests of tax compliance mechanisms have been conducted, using for
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example, the Taxpayer Compliance Measurement Programof the United States' Internal Revenue Service.
The limitations of these Sudiesare discussed by Hessng et d. (1992) and Almand McKee (1998). They
must by necessity combine self-reported surveys and officid records, but are hampered by low sample
response and atrition, and confidentidityrestrictions. To our knowledgeno empirica testsof the efficiency
of conditiona audit mechanisms have been conducted, though the revealed practice of enforcement
agencies has been examined by Helland (1998).3

Experimenta tests of tax compliance began with Friedland, Maitd and Rutenberg (1978). Early
papers concentrated on the effects of parameters identified by the static tax compliancemodd. Thus, the
Sze of fines and probability of audit have been widdy examined, and found to have some effect on
compliance, though less than predicted (Beck, Davis and Jung (1991), Alm, McCldland and Schulze
(1992), Alm, Jacksonand McKee (19924a)). Other variables have adso been consdered, such asincome
uncertainty and risk preference (Beck, Davis and Jung (1991)), the purpose of the money collected (Alm,
McCldland and Schulze (1992)), and tax amnesties (Alm, McKee and Beck (1990)). A commonfinding
to emerge from these studies was that individuas tend to comply far more often than would be predicted
in a sefish game theoretic sense, though the quditative effects of treatments variables are usudly in the
direction predicted by the rationa choicemodd. “Over compliance’ inexperiments, asinempirica sudies,
has been attributed to socid norms (Alm, Sanchez and de Juan (1995)), and to peopl€’ s tendenciesto
overweight small probability events such as tax audits (Alm, McCldland and Schulze (1992)).

Experimenta tests of conditiona audit rules began with Collins and Plumlee (1991), who test a

“aut off” audit scheme loosdly based on the principa-agent modd of Reinganum and Wilde (1985). A
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fixed number of audits were conducted onindividuds reporting the lowest incomes. Collins and Plumlee
asotested a“ conditiond cut off” audit scheme, whereindividuds are firgt sorted intotwo groups according
to earning ability demondrated inapractice sesson. Here the individuas reporting the lowest incomesin
each group were audited. Thusthe authors control the aggregate probability of inspectionacross regimes,
though subjects could not know ther individua probakility of audit in either cut-off scheme. Collinsand
Plumlee found that both cut off schemes were equaly successful in reducing under-reporting relive to
random audits. Risk preferences were measured in a pre-experiment questionnaire, but were not found
to be sgnificant in predicting truthful reporting.

Alm, Jacksonand M cK ee (1992b) provided the first test of a conditiond audit rule based onaudit
outcomes. They tested aforward looking “audit reduction” scheme, though without explicit reference to
prior theory. Under Alm et d.’s scheme subjects who were audited and found in compliance would have
their future probability of audit reduced from .04 to .027, and then again to .013. The audit probability
would remain asisin the absence of audit, or revert to .04 if non-compliance was detected. Alm et d.
found that the audit reduction scheme significantly raised compliance rates over random auditing, but not
as effectively as other positive inducements, such as reward lotteries for individuas found to be in
compliance. Almet d. did not control for the number of inspections across schemes, but dmost controlled
for the ex ante probability of ingpection.* Risk preferences were not controlled, though subjects’ frequent
“dl or nothing” income reportslead the authorsto conclude that risk-neutrdity was a plausible assumption.
In contrast to Coallins and Plumlee, Alm et d.’s subjects dways knew their probability of audit.

Fndly, Alm, Cronshaw and M cK ee(1993) compared acut-off, backward-looking, and forward-
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looking conditional audit scheme, respectively, againgt random auditing. Each conditional scheme was
based loosely on the corresponding theories of Reinganum and Wilde (1985), Rickard, Russell and
Howroyd (1982) and Greenberg (1984). Subjects inspected in a (5%) random audit were back- (or
forward-) audited for two periodswith certainty if found to be under-reporting income. If found to bein
compliance subjects in the forward conditiona scheme were spared the 5% chance of random audit for
the next two periods. Alm et a. (1993) had to wrestle with the problem of comparing compliance rates
across regimes with endogenoudy determined ingpection rates. They cleverly solved this problem by
running random-audit control treetments at severd different leves of inspectionprobability. They thenthe
compared the compliance rate observed in a conditiond audit trestment againgt the compliancerateinthe
control trestment with the closest matching inspection rate.

Almet d. (1993) found that dl three conditiona schemesgenerated compliance sgnificantly greater
than corresponding randomaudit rules, though the back-audit scheme induced morecomplianceand fewer
ingpections thanthe forward-audit. Alm et d. again smply assumed risk neutradity, and did not control for
the effective discount rate as specified in the underlying theories. Subjectswerein al casesinformed of
the audit probabilities they faced.

The experimental tests described above provide encouraging evidence that conditiond audit rules
can increase the cost-effectiveness of tax or regulation enforcement. In each case, however, these
experiments have been based only loosely on the mechanisms proposed in theory. We turn now to our

test of two formaly-derived conditiona audit rules.
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[Il. PAST COMPLIANCE AND OPTIMAL TARGETING

The Mechanisms

We consder firg Harrington's (1988) PCT mechanism for two audit groups. In each decision

round afirm (or taxpayer) must choose whether or not to comply witharequired actionthat costsc. Each

firm isaware of being placed in one of two audit groups, which we refer to asthe Green Group, or the

more punitive Red Group. The probability of audit in Red, pg, isset higher thanin Green, ps. Firmsfound

in violation mugt pay a fine of F if audited while in Green, or of Fif audited whilein Red. After each

decisionround trangitionrules determine the group afirm will be placed infor the next period. Theserules

follow a Markov process, and are explained in Figure 1. Firms found in compliance while in Red are

admitted back to the Green Group for the subsequent round with probability D.

Period t

If in Green and not audited

If in Green and audited,
-if found in compliance
-if found in violation

If in Red and not audited

If in Red and audited,
-if found in compliance
-if round in violation

Trangtion Rulesin the PCT

U

FIGURE 1

Period t+1

Green

Green
Red

Red

Green with Pr. D , Red with Pr. 1-D
Red

Harrington solvesfor thevaues of r, pg, Pa, Fg and F that minimize the number of audits that the agency
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must carry out to achieve a desired overdl rate of compliance. Thisis achieved by meking it in firms
interests to pursue a strategy of aways complying while in Red, and never complying while in Green.

Thus, to achieve an overdl compliance rate of, say, 50%, the agency will choose parameters that should
lead to firms spending haf ther decison roundsin Red and haf in Green.

Friesen's (2000) OT mechanism uses a structure smilar to Harrington's PCT, but with the
trangtion rules chosen along with the previous parameters to minimize audits. As Figure 1 illustrates,
Harringtonimposestrangtion probabilities between groups of either 1 or Ofor five out of Sx possible cases.
He solves only for D, the probability of escape to Green after being found in compliancein Red. With a
tota of ten parameters chosen, OT resultsin the transition rules described in Figure2. 1n OT the optimal
trangitionprobability fromthe Green group is independent of compliance or audit status, but rather afixed

probability 2. With random transfer from Green to Red, there is no need for auditsin Green (pg* = 0).

FHGURE 2:

Trangtion Rulesinthe OT

Period t Period t+1

If in Green p Green with Pr. 2, Red with Pr. 1-2

If in Red and not audited ) Red
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If in Red and audited,
-if found in compliance b Green

-if found in violation ) Red

Both mechanisms specify that the optimal finefor violation is Fg = 0 in Green and Fr = Fyax in Red. For
the rest, the specific audit probabilities pg (for the PCT), pg and transfer probabilitiesr and g will depend
on exogenous parameters. the cost of compliance, ¢, and target compliance rate, Z, maximum fine size,
Fuax and discount factor * . The exogenous and endogenous parameters used inour experiment are listed
in the second and third columns of Table 1.
|mplementation

The implementation of Harrington's and Friesen’s mechaniams requires a number of design
decisons whichwe now describe. Firg, achadlengeof these mechanismsisthat ingpection and compliance
rates arejointly determined by subjects decisions withinthe experiment. Thusisit not possibleto control
ex ante for, say, compliance and compare ingpections rates across mechanisms. We shall thus compare
ingpectionand complianceratess multaneoudy. With the parameterschosen wepredict overal compliance
rates of 50% in either OT or PCT, but an inspection rate of 21.5% in PCT and 14.5% in OT.

Second, it is common to compare conditiona audit rules againg a control trestment of smple

random auditing. We have chosen a control design that is “equivaent” to smple random auditing,
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folowing Friesen (2000) in maximizing pardldism with the twoconditiond audit rules. Our control
trestment retains the use of the Red and Green audit groups, but trangitionbetween groups becomes purdly
random. Auditsarenot carried out in the Green group, but arein the Red group just often enough to make
compliance there individualy rationd. Asinthe PCT and OT mechanismsthe fine for detected violation
in Red is set a the maximum, Fg = Fyax , and the cost of compliance is ¢. Theincentivesin the control
treatment are suchthat individuas should pursue the same strategy as before: dways comply in Red and
never comply in Green. The random probability of placement in the Red group is thus set equd to the
overdl target compliancerate, Z. We set the overal target compliancerate in the Control, 50%, to match

that of the PCT and OT mechanisms, but it should require a higher ingpection rate of 25%.

Table 1 about here

With these design decisions made implementation is relatively straightforward. We employ a
within-subject design to maximize the power of Satistical tests, as our predicted inspection rates are not
that far apart. Order effects are addressed by running sessons in dl possible sequences. ABC, ACB,
BAC, BCA, CAB, and CBA. Neutra language is used throughout. In a given decision round of a
mechanism, subjects choose between“Option A” (compliance) and “OptionB” (vidlation) , and thenface
apossible audit described as “entering a random draw.” Regarding risk preference, both the PCT and
OT mechanismsassume risk neutrdity. Rather than presumethisrisk preference, we attempt toinducerisk
neutrdity by having the compliance decisonmade over lottery tickets (asinDavis and Holt (1993)). Each

subject begins a decison round endowed with 100 “points,” and the cost of complianceis the surrender
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of 40 such points to the experimenter. These points are used to enter arandom draw for $1 each round.
By surrendering 40 points a subject reduces his probability of winning the $1 draw from 100% to 60%,
or by $.40 on average.

To implement a discount factor we use a probabilistic stopping rule (Davis and Holt
(1993)). Thusal participants of agiven sessonfacea(1-$) probability that each real decisionround will
bethelast for aparticular mechaniam.  With a90% probability of continuance after thefirst round subjects
can expect to have 10 red rounds with each mechanism, though with a high variance,

The combination of awithin-subject design, probabilistic stopping rules and payout over
lottery tickets could result in a very complex environment for subjects to understand. Thisin turn could
result in less meaningful compliance decisons. We thus take several stepsto ad comprehenson.  Firgt,
wedigtribute a paper colour coded schemétic diagramto each subject for each mechanismaswe progress
through the experiment. These are reproduced in the Appendix, absent the colour. Second, we give
subjects 10 hypothetica practice roundswitheach mechanismprior toitsfirst real round. So, for example,
the subjectsin a sesson might have, in turn, 10 practice roundsof the PCT, 7 red rounds of the PCT, 10
practice rounds of the Control, 14 rea rounds of the Control, 10 practice rounds of the OT, and findly 9
real rounds of the OT.

Fndly, we dtered a parameter within our overall design so as to make al three
mechaniam’s optima strategies more transparent. In particular, we caculated endogenous parameters
usngacost of compliance, ¢, of 50 pointsfor al three mechaniams, but thenreduced this cost to 40 points.

Why? All three mechanisms extract maximum efficiency by setting parameters so thatindividudsinthe Red
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group areonly just better off complying than violaing. By reducing dightly the cost of compliance, we
make individuas grictly better off by complying in Red, while Hill better off not complyinginGreen. We
hope in this way to reduce decison errors, but at the expense of lowering dightly the potentid efficiency
of dl threemechaniams. Put another way, if we had believed that indifferent subjectswould aways comply
when in Red, we could have set ingpection, audit and transfer probabilities differently for each regime so
asto predict even lower ingpection rates for dl three mechanisms.

Publicity Effects.

A secondary trestment variable addressed inour experiment isthe effect of publidzingaudit results
oncomplianceratesand cost efficiency. Red world publicity threstensfirmsor taxpayerswith shamefrom
being exposed in audits, but aso better informationon the compliance strategies being pursued by others.
In the neutral language setting we adopted only the information effect can be captured.  We do this by
running the control, PCT and OT mechanisms in high and low information variaions. In the high
information trestment, subjects are informed after each decisionround of the number of people who have
been in the Green and Red groups, how many of these have been audited, and how many of the audited
have complied or not complied. In the low information trestment al of thisinformation iswithheld. With

two information levels and 6 possble mechanism orders we run 12 sessionsin totd.
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IV. RESULTS

We ran twelve complete and one partia session of the experiment over a three month period in
March toMay 2001. Overdl 141 subjectstook part in the complete sessions (where each was exposed
to al three mechanisms), and 12 took part in apartid session that unexpectedly crashed after completing
Harrington's PCT. Subjects were recruited from large first and second year classes in Economics,
Mathematics and Political Science a the University of Canterbury in Christchurch, New Zedand. Each
session lasted between 80 and 120 minutes, and subjects earned NZ$ 22.13 on average. (The New
Zedland minimum wage was updated in 2000 to $7.55/hour.)

Tables2 and 3 provide asummary of our resultsfor compliance and ingpectionrates, repectively.
Indl caseswetake asour unit of observation each person’s compliance or ingpection outcomes averaged
over dl decision rounds under agiven regime. The Mann-Whitney non-parametric test of differences in
frequency didribution indicated no significant difference between high and low information treetments for
any regime. Hencetheresultsare pooled in thetableand for all subsequent analysis. Notethat the sample
szesdiffer because of the additiond partid session for Harrington’s PCT, and because some subjectsdid

not experience both audit groupsin a given regime.®

Insert Table 2 about here

Compliance Rates Observed Under Each Regime

Order Effects
Testsfor order effectsincompliance and ingpections were carried out usng the Kruskd-Wallis test

for differences betweenindependent samples. No order effectswerefound for ingpection rates under any



Conditiond Audit Schemes 17

audit regime. Order effects did emerge, however, for some compliance rates under PCT and RAE. For
the PCT, Table 2 shows that subjects were less likely to comply in Green, and more likely to comply in
Red, the later they experienced the regime inthe sequence of three. Thiseffect wassignificant in both audit
pools (p vauegen = 038, p vduegy = .020). Interestingly, the Red and Green compliance trends under
PCT offset each other so that no significant order effect was found for overal compliance (p vauegyga =
.357). For the RAE, order effects were found for compliance in Green, (p vauege, = .052), and more

ambiguoudy in Red (preg = -070). In contrast, no order effects in compliance were observed for OT.

The order effectsincompliancein PCT are suggedtive of learningthat comesspecificaly frombeing
able to compare features across audit regimes® They create potentid difficulties for pooling compliance
observations under this regime.  Our gpproach will be to persevere in pooling, and to consider the
implications of order effectsin the find discussion.

Treatment Effects.

We can evduate each audit regime's performance 1) absolutely, againgt its own theoretical
prediction, or 2) relatively, againg the performance of the other regimes. Absolute performance in
compliance and ingpection ratesis reported in the final column of Tables 2 and 3, respectively, and may
be compared withthe predictions madein Table 1. Mot results line up reasonably well with predictions.
Formal comparisons are made with t tests, and Sgnificant differencesareindicated on Tables2 and 3 with
asterisks.” Recdl that subjects should never comply when in Green: the average of individua average

compliancerates ranged between 6.7% and 11.6% across the three regimes. A greater divergencefrom
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theory was observed incomplianceratesinthe Red Group. While dl subjects should comply whenin Red
actud compliance ranged from only 61.0% under Friesen's OT to 75.4% under Harrington’s PCT and
78.2% under the Random Auditing Equivaent.

Tuming to ingpection rates, those generated for subjects in each audit group by the computer
random number generator were generdly as expected, though there seemed to be unusudly many
ingpections ex post in the Green Group in Harrington's PCT, and in the Red Group in Friesen’s OT.
Overdl inspection rates depend on subjects compliance decisions, and through them, time spent in each
audit pool.® The overdl rates were not significantly different than predicted for Random Auditing or
Harrington’s PCT, but were dightly higher than predicted for Friesen’s OT (17.8% rather than 14.5%),
as under-complying subjects spent “too much” timein Red.

We turn next to relative comparisons across regimes. Does Harrington’s PCT achieve the same
level of compliance as Random Auditing, with fewer ingpections? Does Friesen's OT require il fewer
ingpections? Descriptive comparisons can be made by moving up and down the fina columns of Tables
2 and 3. Forma comparisons are made using the Wilcoxon signed rank test of paired samples, and
presented in Table 4. The partia thirteenth session is necessarily omitted for these within-subject tedts.
Note that sample Sze again varies for paired observations because not dl subjects experienced a given
audit pool in every regime.

The comparative results of Table 4 provide arguable evidence that Harrington’s PCT mechanism
outperformsthe control and Friesen’ sOT, thoughondifferent dimensions. Regarding compliance, the PCT

does not achieve sgnificantly less than Random Auditing in (1), but achieves sgnificantly greater
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compliance than OT in (3), both when subjects are in the Red Group and overall. Regarding inspection
rates, the PCT generated significantly fewer ingpections for subjects in the Red Group than the RAE (see
(2)). However, the PCT requiresingpections for subjectsinthe Green Group while the RAE does not, so
that the PCT’ soverdl inspectionrate is suggestively but not sgnificantly lower (pvaue = .168, two tailed.).
At the same time, the PCT does not require significantly more inspections than Friesen’'s OT (in (3)). A
run-off comparison between OT and RAE is more problematic. As promised in theory, the OT requires
sgnificantly fewer ingpections than random auditing in the Red Group as well as overdl (neither regime
requires ingpections in the Green Group). However the OT achieved a surprisngly lower rate of

compliance than the RAE in the Red Group and overal.

Insert Table 4 about here

A Signed-Rank Test Comparison of Regimes

A single cardind measure of the compliance-ingpection tradeoff between regimesis not possible
because while the expected compliance cost per round is $.40, the cost to the agency per inspection is
unspecified. However an ordind measure of regime performance, average compliance over average
ingpection, (C/1), can be caculated for each regime at the session level and then overal.® For a given
sessonj,

Cll session | = (MNsesssion | S Ci ) ( UNeession j 3 ) = 3C/ 3L (D
where C; and |; refer to the average compliance and inspection rates, respectively, of individuas within
sessionj. Then, theoverdl C/l isthe weighted mean of the C/l s, ratios, with the weights reflecting the

number of participantsper sesson (11 or 12). Thisindex yiddsa C/I for Harrington’s PCT of 2.21, for
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Friesen’'s OT of 1.94, and for the control RAE of 1.90. If the cost per ingpectionwere equal to the cost
of compliance, this would indicate that OT’ s ingpection rate advantage over the control RAE more than
compensates for its lower compliance. But Harrington’s PCT would dominate both.

Auditing as a Cash Cow.

While our criteria for eva uating regimes has been minimising ingpections subject to a compliance
rate, an auxiliary objective of aregul ator might be maximising fine revenues net of inspection costs.’ Recall
that subjects paid an equivaent fine of $1 if caught not complyingin Red under dl threeregimes. Of those
ingpected, the average * conviction rate’ across sessions was 20.2% under RAE, 37.3% under PCT, and
47.2% under OT. Once “no fing’ convictionsin Green in PCT are netted out, its conviction rate fals to
24.0%, which is gill intermediate to the other regimes. Multiplying revenue-yielding conviction rates by
overdl inspection rates from Table 3, the OT generated $8.42 in revenue per hundred compliance
decisons. Thisisamost double the fine revenue of either the PCT ($4.70) or RAE ($4.91). Sincethe

OT aso required the lowest inspection rate, it yielded by far the highest net revenue of the threeregimes.™*

V. DISCUSSION AND CONCLUSION
Conditiona audit rules such as Harrington's PCT and Friesen’s OT have been designed to reduce
the ingpections required under random auditing to achieve agivenrate of compliance. Theserulesexploit
an observable characterigtic of tax payers or firms —their audit record —to assign individuds to differing

audit groups. Trangtion rules between audit groups can augment the tick for present compliance (avoiding
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fines) with the carrot of future placement in preferable audit groups. By placing fewer redtrictions on the
optima design of trangtion rules, the OT clamsto require even fewer ingpections than the PCT.

Conditiond audit rules have atracted some criticism. The objective posed in both the PCT and
OT mechanismsis to minimize ingpection costs subject to compliance targets. Harford and Harrington
(1991) observe that this conflictswithminimizing the private cost of compliance to firms because margind
compliance cogts will differ in equilibrium for otherwise identica firms. Harford (1991) shows, however,
that the net social gains are likdy to be postive in many cases, paticularly where the margind cost of
compliance is close to constant.

Our experimentd test of Harrington’s PCT and Friesen’s OT againgt random auditing yielded
severd unexpected results. Informing subjects of the experiences of other subjects in the audit pools did
not seem to affect compliance rates, dl ese hed equa. Thished across dl three audit mechanisms. It
might be interesting to see if audit publicity would have a greater effect inanon-neutra setting where mora
vaue can be attached to compliance and violation.

More importantly, both conditiona mechanisms differed from random auditing in failing to induce
full compliance among subjectsin the punitive Red Group. As aresult, both achieved significantly lower
overdl compliance than predicted. This failure was especially pronounced under OT, where subjects
complied only 61% of the time when in Red, as compared with 75% of the time in PCT. In contrast,
subjects under random auditing equivaence complied 78% of the time when in Red, causng the overdl
rate of compliance in RAE to be gatigticaly indigtinguishable from that predicted.

The preceding comparisonof complianceratesis muddied somewhat by order effects found inthe
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PCT for Red and Green Groups, and in the RAE for the Green Group. These order effects were
suggedtive of learning, as subjectsinthesecasesbehaved more*rationdly” asthey accumulated experience
across regimes. Fortunately, the lack of order effects on compliance ratesin OT provides a convenient
benchmark. Average Red Group compliance under pooled OT was lower than that under PCT in
whichever order PCT appeared. Thus, the finding that Red Group compliance was lower in OT thanin
PCT appears robust to order effects. By extrapolation, the more experience subjects gained across
regimes, the greater this digparity would grow. Untangling order effects from Green Group

compliance results is less straightforward.  Average Green compliance in both PCT and RAE among
“inexperienced” subjects was markedly higher than in pooled OT. This advantage disgppeared and
reversed, however, as subjects gained experience across regimes. Combining results, PCT Red
compliance rose above that in OT, while PCT Green compliance fdl below it. Asaresult, the overdl
compliance in PCT remained steedily superior to that in OT. Meanwhile, RAE’s compliance advantage
in Green over OT disappeared with experience, but not dramaticaly enough to change RAE's overdl
compliance advantage over OT.

Moving to ingpectionrates, the general under-compliance of subjectsin Red inbothPCT and OT
had flow-oneffects. Whileingpection rateswithin a Group were determined by fixed rulesor by random
draw, overall inspection rates were affected by where subjects were spending most of their time. Thus,
subjectswho under-complied in Red were detained there more oftenthanwould be predicted by theory. '
Thisinturnnecessitated more ingpections, whichdulled the savings ininspectionrates predicted under OT

and PCT. In particular, OT did succeed where the PCT failed in achieving significantly lower ingpection
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ratesthanrandomauditing. But itsactud reduction over PCT waslessimpressivethan predicted and failed
to reach datistica sgnificance.

To ganabetter understanding of individua decisionsin the Red Group, Figure 3(b) below shows
the ditribution of individua compliance rates across the three mechanisms. A full 60% of subjects chose
to comply 100% of the time when inthe control, whereasboth PCT and OT inparticular induced agreater
dispersion of compliancerates. In particular, dmost 22% of subjects never complied in the Red Group
under the OT regime.  One explanation for the compliance results observed isthat subjectswereignoring
the future consequences of their compliance decisions, and focussing only onthe immediate probability of
audit. For Red Group compliance was highest in the regime with highest immediate audit probability
(RAE), and lowest inthe regime withlowest audit probability (OT). Such behaviour would be consstent
with a higher effective discount rate thanthat induced, or withsubject confusionover the conditiona audit
rules. Itisour conjecture, however, that the OT was if anything less complex than the PCT, because the
conseguence of noncompliance in Red involved a smple, rather than compound lottery. The mystery is

thus not why subjects learned to optimize in the PCT, but why they did not in the OT.

Insert Figure 3 about here.

The Didribution of Average Compliance Rates
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If we compare the two conditiona audit rules, they have three theoretica differences that are
supposed to combine to keep compliance ratesidentical. Harrington's PCT threatens inhabitants of the
Red Group with a higher probability of immediate audit (36.8 %) and makes the Green Group a more
tempting escape destination because of itslow audit rate. On the other hand, the PCT offersonly a
6.2% chance of escape from Red as areward for compliance. Friesen's OT has alower threat of
immediate audit in Red (29.0%), and makes the Green Group aless tempting escape destination
because of its high rate of random transfer back to Red. But OT aso offers a much higher chance of
escape from Red as areward for compliance (29.0%). It seemsthat at the parameter levels chosen
OT’s offer of ahigher probability of escape from aless punitive prison to aless tempting destination

was not as effective as predicted in inducing compliance.

Insert Figure 4 about here

In sum, our results suggest that enforcement agencies may face a production possibility frontier
between compliance and minimized ingpection, asilludrated in Figure4. Random auditing seems most
effective a achieving compliance, but a a high cost in ingpection rates. Optima Targeting seems most
effective in minimizing ingpection rates, but a a cogt in the compliance obtained. Past Compliance
Targeting achieves (dmaost) as much compliance as random auditing, while requiring amost asfew

ingpections as Optima Targeting.
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Tablel
Parameters Used in Experiment
Random Audit Past Compliance  Optimd Targeting
Equivdent Targeting QM
(RAE) (PCT)

Exogenous Parameters
Endowment 100 points 100 points 100 points
c 40 points 40 points 40 points
Fuax 100 points 100 points 100 points
Taget Z 0.5 0.5 0.5
B 0.9 0.9 0.9

Enogenous Parameters
Pg 0 0.062296 0
PR 0.5 0.367851 0.290173
p - 0.169350 -
o - - 0.709827

Equilibrium Predictions
Compliance | Green 0.0 0.0 0.0
Compliance | Red 1.0 1.0 1.0
Overdl Compliance Z 5 5 5
Fraction of Roundsin 5 5 5

Green

Inspection Rate | Green - Py -
Inspection Rate | Red P Pp P
Overdl Inspection Rate 0.25 0.2150734 0.1450864
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Table2
Compliance Rates Observed Under Each Regime

Order of Presentation

Firs Second Third Pooled

A. When in Green Group

Random Audit Equivaent Mean 0.167 0.072 0.029 0.089**
N 41 43 41 125

Past Compliance Targeting Mean 0.175 0.108 0.062 0.117**
N 40 32 36 108

Optima Targeting Mean 0.074 0.037 0.097 0.067**
N 41 39 31 111

3 Combined Mean 0.138 0.070 0.059
N 122 114 108

B. Whenin Red Group

Random Audit Equivaent Mean 0.751 0.843 0.754 0.782**
N 41 39 41 121

Past Compliance Targeting Mean 0.691 0.749 0.845 0.754**
N 41 27 30 98

Optima Targeting Mean 0.588 0.635 0.608 0.610**
N 45 41 34 120

3 Combined Mean 0.674 0.740 0.733
N 127 107 105

C. Ovedl Compliance Rates

Random Audit Equivaent Mean 0.465 0.442 0.430 0.446
N 47 47 47 141

Past Compliance Targeting Mean 0.428 0.363 0.374 0.391**
N 59 47 47 153

Optima Targeting Mean 0.336 0.356 0.303 0.332**
N 47 47 47 141

3 Combined Mean 0.411 0.387 0.369
N 153 141 141

** For pooled results, indicates signicant difference from theoretical prediction at the 1% levd. T-tests
calculated on SPSS Version 10.0
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Table3
I ngpection Rates Observed Under Each Regime

Order of Presentation

Firs Second Third Pooled

A. When in Green Group
Random Audit Equivaent Mean - - - -

N
Past Compliance Targeting Mean .0108 0.074 0.135 0.105*
N 40 32 36 108
Optima Targeting Mean - - - -
N
3 Combined Mean - - - -
N
B. Whenin Red Group
Random Audit Equivaent Mean .508 493 478 0.493
N 41 39 41 121
Past Compliance Targeting Mean 0.368 0.445 0.400 0.399
N 41 27 30 98
Optimd Targeting Mean 0.351 0.304 0.412 0.352*
N 45 41 34 120
3 Combined Mean 0.407 0.408 0.434
N 127 107 105
C. Ovedl Compliance Rates
Random Audit Equivaent Mean 0.261 0.243 0.227 0.244
N 47 47 47 141
Past Compliance Targeting Mean 0.207 0.194 0.188 0.197
N 59 47 47 153
Optima Targeting Mean 0.190 0.161 0.184 0.178*
N 47 47 47 141
3 Combined Mean 0.218 0.199 0.200
N 153 141 141

* ** For pooled reaults, indicates Sgnificant difference from theoretica prediction a the 5% and 1%
level respectively. T-tests calculated on SPSS Verson 10.0
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Table4
A Signed-Rank Test Comparison of Regimes
PCT-RAE OT - RAE OT - PCT
1 @) €)
Compliance Rate | Green 1.056 -0.665 -0.309
(N=87) (N=97) (N=73)
Compliance Rate | Red -1.053 -3.688* ** -1.909*
(N=76) (N=102) (N=74)
Overdl Compliance -1.107 -3.024* ** -1.942**
(N=141) (N=141) (N=141)
Fraction of Roundsin Green 0.730 -1.865* -2.028*
(N=141) (N=141) (N=141)
Inspection Rate | Green - - -
Inspection Rate| Red -1.915* -3.720*** -1.217
(N=76) (N=102) (N=47)
Overdl Ingpection -1.378 -2.505** -0.589
(N=141 (N=141) {N=141)

2No Inspections were carried out in RAE or OT
* xx kxx denote Sgnificance at the 10%. 5%, and 1% levels, respectively.

Calculated on SPSS Version 10.0.
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NOTES
1. Where histrangtion rules required a probability of transfer, however, these were set optimally. For

example, Harrington assumed that those audited in group 1 should be transferred with certainty if found
inviolation, and kept in group 1 with certainty if found in compliance. But those who were audited in
group 2 and found in compliance should have only a probability of escape back to group 1.  Given the

rules he assumed for trangtion, this probability was st optimaly.

2. The cost advantage of either rule decreases as the desired compliance rate rises. When desired
compliance increases beyond a critical upper bound, both schemes would need to induce compliance in
both audit groups rather than just the second. When this happens ingpection costs become no cheaper

than under random auditing.

3. Eric Helland (1998) has used data from the American pulp and paper industry to test whether
environmentd regulators are behaving according to the predictions of Harrington's (1988) modd. He
finds that indeed, following a discovered violation, firms experience a one or two quarter period of
more frequent ingpections. However the basis of return to low enforcement is found to be salf-reported

violations, rather than demonstrated compliance.

4. Alm et d. set the probability of audit a .04 in every scheme, but it may fal below thisleve inthe

conditiond audit reduction scheme.
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5. Half of subjects were placed in the Red and Green groups for the first real round of each
mechanism, and they were informed of this. Placement was varied across mechanisms so that no
subject was consstently placed in one group, and every possible sequence was

equdly represented.

6. Tedsfor order effects and learning within aregime are difficult to make, as subjectsin different
sessions experienced a given regime or audit pool for very different numbers of red rounds. (All
experienced 10 practice rounds with each regime)) Thisiswhy our unit of observation isthe average

behaviour of a subject under a given regime and audit pool.

7. While the digtribution generating the underlying compliance or ingpection observations for these
variables may not be normd, the sample mean for each individud’ s ingpection or compliance rate

should be digtributed normdly in large samples. Hencethet test is appropriate.

8. Subjects were predicted to spend 50% of rounds in the Red Group for dl three regimes. In fact
they spent 49.7% of roundsin Red under RAE, 46.4% in Red under PCT, but 56.8% in Red under

OT. Only the OT differenceis sgnificant at the 5% level, and was caused by under-compliance.

9. CJI ratios may aso be condructed a the individud leve, but are undefined for individuas

who are never inspected.
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10. Wethank an anonymous reviewer for suggesting this comparison.

11. A comparison of the net revenues generated by the PCT and RAE is complicated by the fact that

the RAE generates higher fine revenues, but aso requires more ingpections.

12. The unusudly high number of ingpections generated randomly in Red under OT would not in itself
detain subjectsin Red.  Given that subjects were not complying, alow or average ingpection rate

would dso have detained them there.



