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This article  analyzes  a  model  of  plea  bargaining  with  multiple  co-defendants.  We  characterize  equi-
librium  as  separating  or pooling,  depending  on  the relative  importance  of  type-I  and  type-II  errors.
Effects  of  plea  bargaining  on  criminal  incentives  are examined  in an  extended  model.  Contrary  to the
widespread  perception  of being  “soft”  on  crime  by  weakening  deterrence,  we  show  that  plea  bargaining
unambiguously  reduces  crime.  The  benefit  of  improved  informational  efficiency  more  than  offsets  the
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crime-incentivizing  effect  of  offering  discounted  sentences  to  defendants  who  plea  bargain.  Plea  bar-
gaining  is therefore  socially  efficient  whenever  the  risk  of wrongfully  convicting  innocent  defendants  is
sufficiently  small.
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. Introduction

In the United States, roughly 97% of federal cases and 94% of
tate cases are settled by plea bargaining (Goode, 2012). In con-
rast, France’s negotiated guilty-plea procedure introduced in 2004,
s used in only 4% of decisions by the correctional courts (French

inistry of Justice, 2006). Another dimension along which plea bar-
aining institutions vary widely across countries is restrictions on
heir use. Differences across countries in frequencies of use and
estrictions on plea bargaining, to a large extent, reflect conflict-
ng prescriptive views about whether plea bargaining is socially
esirable.

Although many accept the claim that plea bargaining can (at

east in theory) achieve substantial improvements in informational
fficiency, criticism of plea bargaining is widespread. Some argue
hat plea bargaining is unfair because it leads to inconsistent pun-
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ishment for the same crime. Closely related is the complaint that
criminals who  accept plea bargain offers may  not receive pun-
ishment commensurate with the crime they committed. These
arguments are incomplete, however, because they consider only
the effect of plea bargaining on one of two  different types of judi-
cial errors, ignoring its socially desirable effect of reducing the
likelihood of convicting an innocent suspect (type-I error). We
refer to social losses from under-punishment of guilty defendants
as type-II error and social losses from excessive punishment of
innocent defendants as type-I error. Another common criticism
of plea bargaining is that it may  weaken the deterrent effect of
punishment by reducing expected sentences, thereby incentiviz-
ing criminal activity (Guidorizzi, 1998). Defendants who  reject plea
bargain offers tend to receive more severe punishments at trial than
what was offered by the prosecution under plea bargaining, some-
times referred to as the “trial penalty” which, once again, attracts
vehement criticism.

Notwithstanding these arguments against plea bargaining, its
constitutionality was  established by Brady vs. United States (1970).
Since that precedent, attitudes toward plea bargaining shifted. The
views of legal scholars and practitioners who, at first, regarded plea
bargaining as a transient anomaly that was  expected to eventually
fade away later evolved into a heterogeneous majority that, despite

the criticisms, accepted (perhaps begrudgingly) plea bargaining as
firmly ensconced within criminal law.

Economic rationales contribute in important ways to debates
over plea bargaining. Presumably, the first economic analysis of

https://doi.org/10.1016/j.irle.2018.04.002
http://www.sciencedirect.com/science/journal/01448188
http://crossmark.crossref.org/dialog/?doi=10.1016/j.irle.2018.04.002&domain=pdf
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lea bargaining is Landes (1971), arguing that plea bargaining can
ave time and other variable costs associated with going to trial. In
andes’s model, the prosecutor’s problem is specified as maximiza-
ion of the number of convictions subject to a budget constraint.
andes’ analysis shows that plea bargaining can improve efficiency,
specially when trial convictions are costly. Informational issues
nd strategic thinking inherent in criminal cases are not addressed
n Landes’ analysis, however.

Grossman and Katz’s (1983) pioneering work provides what is
ikely the first game-theoretic model of plea bargaining, addressing
ne important informational issue by providing conditions under
hich guilty defendants reveal their types (guilty or innocent).
rossman and Katz identify two benefits of plea bargaining—an

nsurance effect and a screening effect. They assert that a risk-
verse defendant and a prosecutor prefer the sure conviction of

 guilty defendant under plea bargaining over the risk of litigating
n court. They also show that plea bargaining serves as a screening

echanism, which confers the potential advantage of improved
ccuracy of sentencing. Grossman and Katz characterize both a
ooling equilibrium and a separating equilibrium. In the pooling
quilibrium, the prosecutor makes a plea offer that is rationally
ccepted by both guilty and innocent defendants. In a separat-
ng equilibrium, however, the prosecutor makes an offer that is
ccepted by a guilty defendant but rejected by an innocent one.
hus, the typical “adverse selection” (or “lemons” problem) occurs
n which defendants who accept plea offers have higher average
ulpability or are more likely to be guilty.

Most economic analyses of plea bargaining, however, focus
n settings with only one defendant despite there being numer-
us examples of real-world criminal cases in which multiple
o-defendants would appear to play an important role in deter-
ining sentencing outcomes. One such example is the case of

rice fixing and related collusive activities among multiple firms.
ndeed, there are some exceptions such as Kobayashi (1992) and
im (2009) that consider the situation of multiple co-defendants
ho are known to be connected with the same crime. However, nei-

her of those papers addressed the dynamic effect of plea bargaining
n crime deterrence in a multiple-defendant setting.1 This lacuna in
he extant literature is rather surprising given that one of the main
riticisms against plea bargaining is that it weakens crime deter-
ence by offering defendants shorter sentences. Reinganum (1993)
nd Miceli (1996) analyze the dynamical issue in a model with a
ingle defendant, examining how plea bargaining influences the
ncentive to commit crimes. In this paper, we consider a dynamic

odel of plea bargaining between a prosecutor and multiple co-
efendants. In our model, defendants are not ex ante known to be
uilty. The guilt or innocence of defendants is endogenously deter-
ined as the result of their criminal decisions. To investigate the

ffect of plea bargaining on the incentive to commit a crime, we first
onsider a model in which the prosecutor is unsure about whether
he defendants are guilty or innocent. Because guilt is uncertain
rom the prosecutor’s view, a socially benevolent prosecutor is
ssumed to pursue the objective of minimizing judicial errors, spec-
fied as a weighted sum of type-I and type-II errors (i.e., not simply
aximizing penalties as in some previous models). Then, based on
he analysis, we will examine the effect of plea bargaining on the
ncentive to commit crimes.

1 Moreover, these papers do not consider defendants’ private information about
uilt or innocence as we do in our model. In the context of civil litigation, Spier
1994) considers a model of multiple defendants with incomplete information, while
ornhauser and Revesz (1994a,b) provide a complete information model of multiple
efendants. While circulating this paper, we  found Silva (2017) which addressed a
imilar issue. His paper differs from ours in two ways. First, he uses the mechanism
esign approach. Second, more importantly, he does not touch the dynamic issue of
xamining the incentive to commit a crime, which is the main issue of our paper.
aw and Economics 55 (2018) 58–70 59

The objective that prosecutors in our model use—to minimize a
weighted sum of losses from the two  types of judicial errors—can
be interpreted as consistent with guidelines codifying appropriate
prosecutorial behavior across a broad range of real-world judicial
systems. For example, prosecutors’ duty in the US criminal justice
system is to “seek justice” rather than merely convictions.2 Sim-
ilarly, Article 1 of Korea’s Code for Prosecutors (as instructed by
the Korean Ministry of Justice) guides prosecutors to represent the
public interest to minimize judicial errors—as do other countries’
judicial codes—contrary to the widespread perception that prose-
cutors are incentivized solely to pursue the objective of maximizing
penalties.

It is well known in the case of a single defendant that the pros-
ecutor offers the defendant’s certainty equivalent (i.e., the offer
that gives the defendant the same disutility he expects by going
to trial). In the case of multiple defendants, however, calculating
multiple certainty equivalent offers is less straightforward because
they depend on whether the other defendant accepts his respec-
tive offer or not. Unlike models with a single defendant, our model
with multiple co-defendants allows the prosecutor to make plea
offers contingent on the defendant’s promise to both plead guilty
and testify against the other co-defendant. Therefore, a certainty
equivalent offer to one defendant must be contingent on whether
the other defendant accepts his offer or not. We  characterize all
possible separating-equilibrium offers that are accepted only by
guilty defendants and all pooling offers that are accepted by both
guilty and innocent defendants.3

In both types of equilibria, plea offers must be fair in the sense
that the more culpable defendant (i.e., the one who deserves a
longer sentence) receives a harsher penalty, unless both defendants
are equally culpable. Our model’s result that any plea bargaining
equilibrium with multiple co-defendants must necessarily respect
at least this rather weak notion of fairness stands in sharp contrast
to Kobayashi’s (1992) model in which unfair equilibria are possible
(i.e. in which the more culpable defendant may  receive a less severe
penalty).4 These contrasting predictions regarding the fairness of
equilibrium plea bargaining in our model and Kobayashi’s (1992)
are the result of different equilibrium concepts. Unfair equilibria
are impossible in our model as long as the spirit of Nash equilib-
rium is respected by implicitly requiring all agents’ beliefs to be
consistent with their equilibrium strategies.

In a separating equilibrium, the plea bargain offers are asym-
metric in that only the less culpable defendants are offered a plea
discount. In a pooling equilibrium, both defendants are offered plea
discounts. Intuitively, longer (i.e., more severe) plea offers in the
pooling equilibrium, as they approach the duration for a guilty
defendant without plea bargaining, increase the loss from type-
I errors when a defendant is actually innocent (excessively harsh
sentencing for the innocent defendants) and decrease the loss from
type-II errors (insufficiently harsh sentencing for the guilty defen-
dants). The optimal pooling equilibrium in our model is determined
by the plea offer that balances these two effects (i.e., equating the
marginal benefit of reducing type-II error with the marginal cost of
increasing type-I error for each defendant). The prosecutor’s choice

between the separating or pooling equilibrium depends on the rel-
ative importance of type-I and type-II errors. If type-I errors are
sufficiently more important in the prosecutor’s objective function,

2 http://www.americanbar.org/
3 In a separating equilibrium, the plea bargain offers are asymmetric in that only

less culpable defendants are offered plea discounts. In a pooling equilibrium, both
defendants are offered plea discounts.

4 Tor et al. (2010) show empirically that unfair plea offers are very likely to be
rejected, which would seem to suggest that the fair plea outcome predicted by our
model matches the available observational data.

http://www.americanbar.org/
http://www.americanbar.org/
http://www.americanbar.org/
http://www.americanbar.org/
http://www.americanbar.org/
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hen optimal plea offers are characterizable as those that convey
arger aggregate rewards offered to, and accepted by, both types
f defendants, which leads to the pooling equilibrium. In the other
irection, the separating equilibrium is selected whenever type-II
rrors receive greater relative weight in the prosecutor’s objective
unction.

The result that only one defendant receives a plea discount in
 separating equilibrium holds even when two codefendants are
qually culpable. If the prosecutor gives plea discounts to both
efendants, type-II errors become much higher than when he gives

 plea discount to only one defendant, making the other accept an
ndiscounted offer. The former case (allowing discounts to both
efendants) is equivalent to the case that the prosecutor makes plea
argaining with only one defendant twice. This shows an impor-
ant difference between plea bargaining with a single defendant
nd with multiple defendants.

It is worthwhile further comparing our result with that of
obayashi (1992). Kobayashi considers a complete-information
ame of plea bargaining with two co-defendants. In his model,
t is known that both defendants are guilty. Therefore, the objec-
ive of Kobayashi’s prosecutor is to maximize the sum of the two
efendants’ expected penalties (or, equivalently, minimize the sum
f expected discounts, i.e., the aggregate reward, relative to the
xpected punishment without plea bargaining). Kobayashi obtains
he counterintuitive result that a more culpable defendant may
eceive a more lenient penalty, which is intuitively unfair. Such
nfair outcomes occur in his model when, for example, a more
ulpable Defendant 1 believes that the less culpable Defendant 2
s very unlikely to accept the offer made to Defendant 2, while
efendant 2 believes that Defendant 1 is highly likely to accept
is respective offer. In this case, because of the role of the other
efendant’s exogenously given belief in the best-response func-
ion, Defendant 1 may  rationally choose to be more likely to
eject the offer than Defendant 2. Thus, the prosecutor is forced
o make a more attractive offer to the more culpable Defendant

 to induce him to accept his respective offer, implying that the
ffer to Defendant 1 can—in theory—be lower than the offer to less
ulpable Defendant 2 in equilibrium. This unsettling possibility of
he less culpable defendant receiving a more severe punishment
ollows from Kobayashi’s assumption that each defendant’s belief
egarding the other’s acceptance decision is exogenously given.
owever, once we require that all players’ beliefs satisfy the con-
ition of being consistent with defendants’ equilibrium strategies,
hen Kobayashi’s unfair plea bargains cannot occur in any equilib-
ium in our model.

Another difference between Kobayashi’s model and ours is the
eaning of “more culpable.” We  define a defendant as being more

ulpable if he deserves a longer sentence than the other. In con-
rast, Kobayashi defines a defendant as more culpable if he has a
igher probability of conviction and his acceptance of the plea offer

ncreases the probability of conviction by more than acceptance of
he plea offer by the other defendant does. In our model, accep-
ance of the plea offer by the more culpable defendant does not
ecessarily imply a larger increase in the probability that the other
efendant is convicted. Both defendants’ conviction probabilities
re increased equally no matter which co-defendant accepts the
lea offer. In other words, both defendants have the same informa-
ion regardless of which co-defendant is more culpable. Because
he more culpable defendant’s sentence conditional on going to
ourt is expected to be greater, this more culpable defendant ben-
fits more from judicial errors. Consequently, the prosecutor must
ffer larger plea-bargaining discounts to a more culpable defendant

who is less willing to accept plea offers), in order to induce him to
ccept it. Since larger discounts (i.e., reductions in sentencing) are
ostly from the prosecutor’s point of view, the prosecutor chooses
aw and Economics 55 (2018) 58–70

to offer a plea discount only to the less culpable defendant. Hence,
equilibrium offers must be fair.

Despite the advantage of static efficiency achieved by reduc-
ing judicial errors through plea bargaining, there remain important
concerns about the possibility of dynamic inefficiency insofar as
reduced sentencing may  increase the incentive to commit crimes.
One of the strongest criticisms against plea bargaining, which by
many accounts would appear to rest upon a theoretically obvi-
ous mechanism, avers that plea bargaining can lead to softer
sentencing, thereby weakening the deterrent effect of expected
punishment and consequently increasing crime rates. Although this
mechanism may  seem obvious (i.e., that potential criminals would,
as defendants, face lower expected sentences under plea bargain-
ing and therefore have a greater likelihood of committing a crime),
the plea bargaining mechanism does indeed have a crime-deterrent
effect. In a separating equilibrium, the benefit of increased informa-
tion revealed by the plea bargaining institution more than offsets
the cost of weakened deterrence (e.g., reductions in the mean
duration of sentences), which (in any separating equilibrium) we
show is degenerate at zero; thus, the plea bargaining institution, in
our model’s separating equilibrium, leads unambiguously to lower
crime rates. Intuitively, this is because plea bargaining allows the
prosecutor to collect incriminating evidence against co-defendants
based on their testimonies. In a pooling equilibrium as well, plea
bargaining provides stronger deterrence than without plea bar-
gaining. A similar intuition can be applied to a pooling equilibrium.
The prosecutor can make harsher plea offers acceptable by using
informational enhancement as a threat strategy.

The deterrent effect of plea bargaining was  analyzed earlier by
Reinganum (1993) and Miceli (1996) but only for a single defen-
dant. Miceli’s model is similar to ours in that it focuses on a
screening mechanism. Miceli (1996) considers a two-stage game
in which a legislature first determines criminal punishments and
then, once crimes have been committed as a best response to
the statutory punishments, actual punishments are determined by
prosecutors and judges in the subsequent stage of the game with
plea-bargaining or going to trial. Miceli shows that if the legislature
raises the magnitude of punishment too high, then the deterrent
effect may  counterintuitively be weakened due to the response
of prosecutors who believe that severe statutory punishments do
not fit the crime. Reinganum (1993) considers a two-stage signal-
ing game based on Reinganum (1988). Our model extends Miceli’s
analysis to the case of two co-defendants although our model has
several important differences.

Our finding that plea bargaining with multiple co-defendants
unambiguously deters crime sheds new light on debates over the
informational and social efficiency of real-world leniency pro-
grams. One of the important policy questions in recent decades
concerns how to revise leniency programs that grant amnesty (e.g.,
to firms that previously engaged in illegal antitrust activity) to
promote improvements in social efficiency. Because many illegal
antitrust activities such as price-fixing involve more than a sin-
gle firm, our model of plea bargaining with multiple co-defendants
can provide novel insight relevant to the design of optimal leniency
programs.

The article is organized as follows. In Section 2, we specify the
basic setup for our model of plea bargaining with multiple co-
defendants under incomplete information. In Section 3, taking the
plea offers as given, we analyze the defendants’ decisions about
whether to accept pleas offers. In Section 4, we characterize the
separating equilibrium offers and pooling equilibrium offers by
the prosecutor. In Section 5, we  discuss some modifications of our

plea bargaining model. In Section 6, we consider an extension that
brings in defendants’ decisions about whether to commit a crime by
adding an earlier stage of the game before plea bargaining begins.
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and � ∈ (0, 1) represents the relative importance of type-I errors.
For simplicity, we  assume that ‖x, y ‖ = (x − y)2. And because the role
N. Berg, J.-Y. Kim / International Revie

ection 7 contains concluding remarks and further caveats. Proofs
re relegated to the Appendix.

. Model

We  closely follow the model of Kim (2009). Thus, the model
e present in this section is basically an incomplete information

ersion of the model in Kim (2009).
Suppose that prosecutor P has accused two co-defendants, Di,

 = 1, 2, of jointly committing a crime. The co-defendants are either
uilty (G) or innocent (I). Defendants are referred to as type t = G or
, denoted Di(G) or Di(I) respectively, if they are guilty or innocent.
ach defendant’s type t is known by both defendants but not by
he prosecutor. P is assumed to know only that Prob(t = G) = � ∈ (0,
). The prosecutor’s belief probability � is assumed to be common
nowledge among all players including the judge (J).

Sentences si(>0) are ordered by the judge for each defendant
onvicted of committing the crime. Without loss of generality, the
wo sentences are assumed to satisfy the inequality s1 ≥ s2, which
escribes a situation where one defendant receives a weakly larger
entence than the other.5 We  will say that D1 is more culpable than
2 if they are guilty and s1 > s2.6 It is also assumed that s1 and s2 are
ommon knowledge.

In the event of a plea bargain agreement, defendants may
nstead serve reduced sentences by accepting the prosecutor’s
lea offer. Usually a plea bargain offered to a defendant is made

n exchange for his promise to testify in court to support a
articular fact or piece of evidence. Our model focuses on plea
argaining in which the defendant agrees to plead guilty and
estify against the other defendant in exchange for a reduced sen-
ence.

The game between P, D1 and D2 is modeled as follows. P makes
imultaneous plea offers bi ∈ [0, ∞)  to each defendant Di. Each Di
hen decides whether to accept (di = A) or reject the offer (di = R). If
i accepts the offer, then his sentence in court is bi with certainty.

f Di rejects the offer, then J decides whether to convict him.7 In
his case, J may  find that t = G, I based on the evidence submitted
t trial by P, D1 and D2. The probability that a defendant is con-
icted depends on t and whether the other defendant has agreed
o testify against him. Denote the conviction probability when nei-
her accepts the offer as q. We  assume: (i) that q(t) ∈ (0, 1) for both
ypes, t; and (ii) that q(I) < q(G). Assumption (i) implies that there
s a strictly positive probability of both type-I and type-II errors:
(I) > 0 implies that there are type-I errors and q(G) < 1 implies that
here are type-II errors. The assumption that the probability dis-
ributions for both types of judicial errors are non-degenerate is
rucial in driving our subsequent analysis. Assumption (ii) reflects

he intuition (and empirical reality) that innocent defendants can
efend themselves better than guilty defendants can.8 The timeline

s shown in Fig. 1.

5 If s1 > s2, then D1 and D2 could be interpreted as principal and accessory, respec-
ively; whereas if s1 = s2, then D1 and D2 could be interpreted as principal and
ccomplice. In most countries’ criminal law, an accomplice is subject to the same
riminal penalties as the principal offender.

6 We acknowledge there is a potentially important distinction between the con-
epts of guilt and culpability. The degree or intensity of guilt (i.e., “guiltiness”) of a
efendant concerns whether he committed a crime or not, which could be viewed as

 binary state rather than a continuously valued parameter. In contrast, culpability
s  concerned with how severe the crime was  and the extent to which the defendant
s  responsible. Thus, it is more reasonable to interpret si as defendant i’s culpability.

7 Following Grossman and Katz, we are implicitly assuming that P can effectively
ommit to not dismissing the case.

8 Grossman and Katz (1983) and Reinganum (1988) also assume that a guilty
efendant is more likely to be convicted than an innocent one.
Fig. 1. The sequence of events.

If Di accepts bi and testifies against Dj, then we  assume that
Dj is convicted with probability one.9 Indeed, J might conceivably
interpret a defendant’s rejection of a plea bargain offer as a signal of
that defendant’s innocence, which we rule out, however, with the
assumption that such a signal would not affect q(t).10 Moreover,
we assume that J has no judicial discretion, implying that once the
defendants are found to be guilty at trial, then all J can do is simply
order the sentence si for any defendant who did not plead guilty.11

In order to isolate the informational motive for plea bargaining,
which is the focus of our model, from cost-saving motives analyzed
by others, our model also abstracts from trial costs by assuming
them to equal zero.12

Let x̃i denote the correct sentence for Di and xi denote the
sentence actually offered. We  assume that Di minimizes his own
expected sentence xi. P, based on the benevolent social-welfare
objective of minimizing judicial error (i.e., matching sentences to
appropriately fit the crimes committed), is assumed to minimize
a weighted average of losses due to type-I errors (which occur
when xi > x̃i) and losses due to type-II errors (which occur when
xi < x̃i).13 Thus, the defendant Di’s loss-function objective is:

Wi(xi; x̃i) = xi.

We  could interpret xi as the loss or disutility from the sentence xi.
P’s loss-function objective, denoted LP, measures the loss associated
with an accusation against two  defendants as the sum of losses
Li associated with each defendant (based on the weighted sum of
type-1 and type-2 errors for each):

LP(x1, x2; x̃i) =
2∑

i=1

Li(xi, x̃i),

Li(xi; x̃i) =

⎧⎪⎨
⎪⎩

�‖xi, x̃i‖ if xi > x̃i

(1 − �)‖xi, x̃i‖ if xi < x̃i

0 if xi = x̃i,

where ‖x, y‖ is a metric measuring the distance between x and y,14
of J in our model is simply a machine that orders convictions and

9 An alternative assumption would be that the conviction probability when the
other defendant accepts the plea offer is r(t) ∈ (q(t), 1). This alternative would only
change the size of equilibrium offers without affecting the qualitative features of
equilibrium. Further detail is provided in Section 5.2.

10 There is a rule (Rule 11) in the US Federal Rules of Criminal Procedure against
admissibility of plea discussions as evidence in court.

11 If J realizes the possibility of his own judicial errors, then he or she may  prefer a
smaller sentence rather than si; but reduced sentences are not permitted under our
assumption of no judicial discretion. Therefore, our setup rules out the possibility
of intermediate judgements.

12 In Section 5.3, we investigate the case of positive trial costs.
13 We will simply refer to type-I errors and type-II errors instead of “losses due

to  type-I errors” and “losses due to type-II errors” whenever there is no chance of
confusion.

14 A function ‖ ·, ·‖ is called a metric if it satisfies (i) ‖x, y ‖ ≥0 with equality if and
only if x = y, (ii) ‖x, y ‖ = ‖ y, x‖ and (iii) ‖x, z ‖ ≤ ‖ x, y ‖ + ‖ y, z‖, for all x, y, z. In particular,
if  ‖x, y ‖ = |x − y|n , then P is risk-neutral if n = 1, risk-averse if n > 1, and risk-loving if
n  < 1.
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Table  1
Decisions of Co-defendants.
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Fig. 2. Mapping from prosecutor’s offer space (b1, b2) into two defendants’ “Accept”

1 2
the condition, b1 > b2 if and only if s1 > s2, holds.

Selten (1988), can be rationalized by the so-called linear tracing procedure. The main
D1 A (b1, b2) (b1, s2)
R  (s1, b2) (q(t)s1, q(t)s2)

entences by applying rules (as specified in our model), there is no
eed to introduce a loss function for J.

We are implicitly assuming that plea-offer negotiations take
lace jointly, whereby both defendants can observe all plea offers,

n this case both b1 and b2, and each defendant makes his indi-
idual decision of whether to accept or reject without having first
bserved the other defendant’s decision.15 We  can then express
i’s strategy as the rule di : B × T → {A, R}, where B = [0, ∞)2 is the
et of all possible plea offers and T = {G, I} is the set of types.

. Defendants’ decision rules

As is typical of sequential games, we use backward induction. In
his section, we develop the second-stage Nash-equilibrium deci-
ion rules of the two defendants conditional on the plea offers (b1,
2) decided earlier by the prosecutor in the first stage of the game.
efendants’ losses of the second-stage game are summarized in
able 1.

For each type t (of both defendants, each of whom may  reach dif-
erent decisions about accepting plea offers), there are four possible
rofiles of “accept” and “reject” that code the individual decisions
ade by each of the two defendants. In turn, the two-dimensional

pace of P’s plea offers can be partitioned into regions that corre-
pond to these four possible profiles representing the defendants’
oint decisions (once again, denoting these respective decisions as

 for “accept” and R for “reject”)16:

AA(t) = {b = (b1, b2) ∈ B | bi ≤ si, i = 1, 2},
RR(t) = {b ∈ B | bi > q(t)si, i = 1, 2},
AR(t) = {b ∈ B | b1 ≤ q(t)s1, b2 > s2},
RA(t) = {b ∈ B |, b1 > s1, b2 ≤ q(t)s2}.

AA(t) represents the set of plea offers that are accepted by both
efendants. RR(t) represents the set of plea offers that are rejected
y both defendants. AR(t) and RA(t) are the sets of plea offers that are
ccepted by only one defendant. These four regions are illustrated
n Fig. 2.

As shown in Fig. 2, the regions of joint acceptance and joint rejec-
ion, AA(t) and RR(t), overlap in some set M = {b | q(t)si < bi ≤ si}. The
mplication of this overlap is that there are multiple equilibria: one
n which all b ∈ M are accepted by both defendants; and the other
n which all b ∈ M are rejected by both defendants. If each of the
efendants believes that the other defendant will accept the offer,
hen the AA-equilibrium will be realized. If both defendants believe
hat the offer to the other will be rejected, then the RR-equilibrium
ill be realized.

The selection criterion of Pareto dominance can be used to

eal with this multiplicity of equilibria. The RR-equilibrium Pareto
ominates the AA-equilibrium as long as bi > q(t)si. We  apply this
quilibrium selection criterion as needed.17

15 Alternatively, a model in this context could instead assume that prosecutor and
o-defendants conduct separate plea-offer negotiations in which defendant Di only
bserves the offer made to him alone, bi . See Kim (2009) for the case of separate
egotiations.
16 We assume that any ties in payoffs where a player might otherwise be indifferent
re  resolved in favor of acceptance. This assumption is relaxed in Section 5.1.
17 Kobayashi (1992) and Spier (2002) used the criterion of risk dominance instead
f  Pareto dominance. The risk dominance criterion, first proposed by Harsanyi and
(A) or “Reject” (R) decision profiles.

If bi < q(t)si for all i = 1, 2, then “accept” (di = A) is the dominant
strategy for defendant i in the game between two defendants. How-
ever, the game differs from Prisoners’ Dilemma in the sense that the
non-cooperative outcome obtained when both defendants “defect”
by accepting their respective plea offer is Pareto superior to the
cooperative outcome obtained when both defendants “cooperate”
by rejecting the offer. Hence, the strategic interaction between the
two defendants is not a “dilemma.” The defect-defect profile (i.e.,
both players accepting plea offers) is, in our model, collectively
rational as well as individually rational.18

4. Prosecutor’s decision

In Section 2, we assumed that a prosecutor minimizes a
weighted sum of type-I and type-II errors. If she makes plea offers
b = (b1, b2) to co-defendants, it determines her expected losses
(weighted sum of errors), LP(b) = L1(b) + L2(b), according to the deci-
sions of the defendants as described in Section 3.

Then, the prosecutor’s equilibrium plea offer must be b* ∈
argminb ∈ BLP(b). Depending on the choice of b*, defendants’ types
may  be revealed by their decisions or remain un-revealed. Let BS

and BP be the sets of plea offers that induce the type of defendants
separated or pooled, respectively. Fig. 3 depicts BS and BP. A separat-
ing equilibrium occurs if b* ∈ BS and a pooling equilibrium occurs if
b* ∈ BP. Also, we  say that the plea offers b and b are fair whenever
theoretical argument in favor of risk dominance is based on risky payoffs. However,
co-defendants in our model have chances to agree on an outcome before they play
the  plea bargaining game. It is therefore more reasonable (i.e., more attractive and
cognitively simpler) for them to focus on the outcome which is Pareto superior.

18 Bar-Gill and Ben-Shahar (2009) consider an interesting case in which P has
enough resources to take only one defendant to trial. In this case, Fig. 2 can be
modified by replacing (q(t)s1, q(t)s2) with (q(t)s1, 0), since only the most culpa-
ble  defendant stands trial if both defendants reject. This modified plea bargaining
game is not a Prisoners’ Dilemma, either, because the less culpable defendant prefers
rejecting his plea offer if he believes that the more culpable defendant will reject
his offer. The more culpable defendant will, however, never reject the offer, because
it  is his dominant strategy to accept the offer as long as he will be the one who
stands trial if both defendants reject. So, both defendants will accept the offer. There-
fore, the individually rational outcome under plea bargaining will deviate from the
collectively rational one.
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Fig. 3. Separating and pooling offers given defendants’ type, guilty (G) or innocent
(I).
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strictly prefer a separating equilibrium.
Next we  consider a pair of pooling offers in the interior of BP

2

Fig. 4. Separating equilibrium.

.1. Separating equilibrium

In this section, we characterize the separating equilibrium. A
eparating equilibrium offer of offers must lie somewhere in BS.
ote that all points in BS generate the same type-I error, because

hey are always rejected by innocent defendants, which means that
’s loss is independent of the plea offers in this region. Thus, the P’s
ost preferred point in this region, i.e., minimizing LP(b), is the one

hat minimizes type-II errors. The type-II errors associated with a
oint such as point A in Fig. 4 can be depicted by an iso-loss circle
hat consists of offer pairs that produce the same type-II error. It
s easy to see from Fig. 4 that the type-II errors decrease monoton-
cally in b1 until b1 reaches s1, and thus point E1 yields the least
ype-II error among the points in BS.19

roposition 1. If the pair of plea offers (bs
1, bs

2) is a separating equi-
ibrium, then (bs

1, bs
2) = (s1, q(G)s2).
This proposition has an important implication for real-world
orporate leniency programs. The result of the proposition that
ptimal plea offers should reduce the sentence only to one

19 It is not difficult to see that P is indifferent between E1 and some pair of offers,
ne  of which is rejected, say A′ . Then, A′ is indeed a separating equilibrium pair
f  offers. But we can focus only on E1 due to our assumption that indifference is
esolved in favor of acceptance, as stated earlier in Footnote 16.
aw and Economics 55 (2018) 58–70 63

defendant20 supports the current US Corporate Leniency Program21

granting amnesty only to the first firm that comes forward
(although there is a second aspect of that program that grants full
amnesty to the first self-reporter, which is not supported by our
theory in the sense that it leads to a suboptimally large judicial
error).

This proposition also implies that bs
1 > bs

2 if s1 > s2, which sug-
gests that the separating equilibrium offers are fair as long as
s1 > s2.22 One interesting feature of the equilibrium pair of offers is
that those offers must be asymmetric even if s1 = s2. This observa-
tion suggests that separating offers are unfair if and only if s1 = s2.
The intuition for this result is as follows. Only guilty defendants
choose to accept the offers in a separating equilibrium. Therefore,
it is better from the prosecutor’s point of view for those offers to be
as close as possible to the penalties that fit the crime, (s, s), where
s = s1 = s2. Symmetric offers that are both accepted must be at most
q(G)s. Therefore, such a pair of offers far away from (s, s) can never
be optimal according to P’s objective, because P could, in that case,
always reduce the risk of type-II error by slightly increasing one of
the plea offers above the other.

Why  is a less culpable defendant (assuming both defendants
are guilty) offered a less harsh sentence whenever s1 /= s2? For
separation, at least one guilty defendant must accept his respective
plea offer. From P’s point of view, it is more costly to induce the
more culpable defendant to accept the offer, because a larger plea
discount is required. To see this, note that q(G)si is the maximal plea
offered to Di(G) given that Dj rejects. Then, for the two required plea
discounts, we  have the inequality s1 − q(G)s1 > s2 − q(G)s2, because
s1 > s2. This implies that P always prefers to offer a more lenient
plea to the less culpable of the two defendants so that it will be
accepted at minimum cost. In short, it is more costly (i.e., requires
larger discounts) to make a more culpable defendant accept a plea
offer.

4.2. Pooling equilibrium

In this section, we  consider the possibility of a pooling equi-
librium in which defendants choose the same action regardless of
their types (guilty or innocent). Although Fig. 3 indicates that BP

consists of two disjoint regions, i.e., BP = BP
1 ∪ BP

2 where BP
1 = RR(G)

(the upper northeast region of Fig. 3) and BP
2 = AA(I) ∪ AR(I) ∪ RA(I).

We can show that pooling equilibrium offers cannot be made in the
region labeled BP

1.

Lemma  1. None of the plea offers in BP(= RR(G)) can be a pooling
equilibrium.

The intuitive reason why pooling offers in RR(G) are inferior
to separating offers is as follows. Innocent types reject in either
pooling or separating equilibria. Guilty types, however, accept sep-
arating plea offers and reject the pooling offers. Guilty defendants
(proceeding to trial after rejecting the pooling offers) incur the
cost of type-II error due to judicial error, q(G). But the separating
plea offer b1 = s1 (without allowing plea discounts) eliminates type-
II error involving the more culpable defendant, which leads P to
such as point A in Fig. 5. Such offers are accepted by both guilty

20 Indeed, this result hinges crucially on our assumption that the conviction prob-
ability after a guilty plea is r(G) = 1. If r(G) < 1, the equilibrium will require that P
discount the plea offer more to induce the more culpable defendant to accept it.

21 http://www.justice.gov/atr/corporate-leniency-policy
22 In fact, this is the unique equilibrium outcome in the game of complete infor-

mation in which defendants are known to be guilty, which means that plea offers
are fair even in the case of complete information.

http://www.justice.gov/atr/corporate-leniency-policy
http://www.justice.gov/atr/corporate-leniency-policy
http://www.justice.gov/atr/corporate-leniency-policy
http://www.justice.gov/atr/corporate-leniency-policy
http://www.justice.gov/atr/corporate-leniency-policy
http://www.justice.gov/atr/corporate-leniency-policy
http://www.justice.gov/atr/corporate-leniency-policy
http://www.justice.gov/atr/corporate-leniency-policy
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will choose. Intuitively, if P believes type-I errors are more impor-
tant, then she will choose low offers that can be accepted by
both defendants, which leads to a pooling equilibrium. If instead
Fig. 5. Pooling equilibrium.

nd innocent defendants. Thus, type-I errors occur if t = I and type-
I errors occur if t = G. The iso-loss circles associated with type-I and
ype-II errors, respectively, are illustrated by circles in Fig. 5. Circle
1 is the set of plea-offer pairs (b1, b2) that yield the same level of
ype-I errors, and C2 is the set of plea-offer pairs (b1, b2) yielding
he same level of type-II errors. It is straightforward to see from
ig. 5 that both type-I and type-II errors can be reduced by moving
n the direction of the arrow from point A southeast. Thus, it directly
ollows that point A cannot be a pooling equilibrium pair of offers.
nly points where the two iso-loss circles are tangent along the

ine b2 = s2
s1

b1 can be pooling offers.

emma  2. None of the plea offers in the interior of AA(I) except offers
b1, b2) satisfying b2 = s2

s1
b1 can be a pooling equilibrium.

Also, any point on the vertical boundary of AA(I) in BP cannot be
 pooling equilibrium pair of offers. So, we have

emma  3. None of the plea offers with b1 = q(I)s1 and b2 > q(I)s2 can
e a pooling equilibrium.

The asymmetry (between the vertical and horizontal bound-
ries) follows from the defendants’ different degrees of culpability
i.e., because s1 > s2) and can be explained intuitively as follows. A
air of plea offers (b1, b2) on the vertical boundary of RR(I) would
ean that D1 is offered a relatively more advantageous discount in

he sense that s2−b2
s1−b1

< s2
s1

. For any such point, there exists a pair of

ffers that is symmetric around the diagonal line given by b2
b1

= s2
s1

.
hese offers would give relative advantage to D2 in the same way
s before (i.e., giving D1 a discount of s2 − b2 and D2 a discount
f s1 − b1). P is indifferent between the two pairs of offers just
escribed, one relatively more generous to D1 and the other rel-
tively more generous to D2. Even if the latter pair is not feasible
in the sense that si < 0 for some i), there must exist a point between
hem that can be accepted by both innocent defendants and which
s strictly preferred by P. In other words, P can symmetrically dupli-
ate any pair of offers favorable to a more culpable defendant. Or P
ay  be able to achieve a strictly greater payoff by giving (almost)

he same plea discount to a less culpable defendant, once again,
ecause it is more costly to induce a more culpable defendant to
ccept.

These lemmas lead us to conclude that an equilibrium pair of

ffers must be located either at a tangency of two iso-loss circles
ssociated with type-I and type-II errors (shown by the diagonal
egment in Fig. 5, proven subsequently), or along the horizontal
oundary of AA(I).
aw and Economics 55 (2018) 58–70

Proposition 2. If (bp
1, bp

2) is a pooling equilibrium pair of offers, then

(bp
1, bp

2) = (�s1, �′s2) where � ≡ �(1−�)
(1−�)�+�(1−�) and �′ = min{�, q(I)}.

The proposition above suggests that pooling equilibrium offers
are always fair. Unlike separating equilibrium offers, pooling equi-
librium offers can be symmetric when s1 = s2.

A necessary condition for a pair of plea offers to be pooling
equilibrium offers is to

minb ∈ BP LP(b) = L1(b) + L2(b),

where Li(b) = �(1 − �)(si − bi)
2 + (1 − �)�b2

i
.23 Since LP(b) is addi-

tively separable, an interior solution must satisfy the two first-order
conditions (i = 1,2):

∂LP

∂bi

= ∂Li

∂bi

= −2�(1 − �)(si − bp
i
) + 2(1 − �)�bp

i
= 0. (1)

The first term in the left-hand-side expression above represents the
marginal benefit of reduced type-II errors associated with a small
increase in bi. The second term measures the marginal cost of an
increased probability of type-I error. The optimal plea offers are
defined by the requirement of balancing these two  effects.

From Eq. (1), one obtains the pooling equilibrium offers:

bp
i

= �si, (2)

where � ≡ �(1−�)
(1−�)�+�(1−�) ∈ (0,  1). An interior solution is possible if

� < q(I). Note that the set of interior solutions (satisfying the tan-
gency condition) corresponds to the diagonal line segment defined
by b2

b1
= s2

s1
.

If � ≥ q(I), then we have corner solutions. For corner solutions
(offering a culpable defendant precisely his expected sentence
without plea bargaining, i.e., zero discount), it is convenient to
transform the condition that b ∈ BP into the condition that b1 ≤ s1
and b2 = q(I)s2, due to Lemma  2. One of the first-order conditions
given by (1) is still valid. Therefore, such a corner solution must
satisfy the following conditions:

bp
1 = �s1 and bp

2 = q(I)s2. (3)

The magnitude of � and � determine whether a pooling equilib-
rium is an interior solution or a corner solution. If � is very large,
then type-I errors are important, so plea offers will be very low. As
� becomes smaller, or as � becomes larger, type-I errors become
less important and thus plea offers increase along the diagonal in
Fig. 5. If � becomes even larger, then pooling offers can no longer be
increased along the diagonal without inducing a separating equilib-
rium. For a pair of offers to remain in the pooling equilibrium region
(i.e., to be both accepted by the innocent types), therefore, either
b1 or b2 must be discounted. As long as s1 > s2, however, it is less
costly to discount b1. This is exactly the intuition behind Lemma 2.

Comparing the formulas presented so far for separating and
pooling equilibria, two  observations are worth emphasizing. First,
the pooling equilibrium offers depend on (and vary with respect to)
the prosecutor’s views of the relative importance of type-I errors,
�, and belief about the unconditional probability of guilt, � . In con-
trast, the separating equilibrium pair of plea offers presented in the
previous section is, if it exists, unique (i.e., constant with respect to
� and �).

It remains to see which of the separating versus pooling offers P
23 The necessary and sufficient condition is that b* ∈ argminb ∈ BLP(b) = L1(b) + L2(b)
and b* ∈ BP .
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Fig. 6. Separating and pooling equilibrium offers.

he prosecutor believes that type-II errors are more important,
hen she will prefer high (i.e., non-lenient, long-duration) offers so
hat innocent defendants reject them, which leads to the separat-
ng equilibrium. Fig. 6 illustrates the equilibrium plea offers with
hanges in � where � = (1−�)�

�(1−�) = 1
� − 1. The figure shows that P

refers a separating equilibrium if � ≤ �̄ (or � ≥ � ), or equiva-
ently, � ≥ �

�+(1−�)�̄
≡ � , where � denotes the minimum value of

 for which a separating equilibrium is supported; and prefers a
ooling equilibrium otherwise.

As a concrete numerical example, we consider the parameteri-
ation for which s1 = 2, s2 = 1, q(G) = .8 and q(I) = .4. With exogenous
arameters set to these values, P prefers the separating offers over
he pooling offers if � < �̄ ≈ 1.466 (or � > � ≈ 0.406) and prefers
he pooling offers otherwise.

. Discussion

In this section, we discuss the effects of alternative assumptions
hat capture institutional details to strengthen the implications of
he model.

.1. The possibility of dismissing the case

It is well recognized that there is an inherent problem of time
nconsistency in most of the screening models of plea bargaining
riginating from Grossman and Katz’s seminal work. The screening
utcome critically relies on the assumption that the prosecutor can
redibly commit to go to trial whenever the plea offer is rejected.
ontrary to this assumption, if the prosecutor infers that a defen-
ant who rejected an offer must be innocent as predicted in our
eparating equilibrium, then the prosecutor would have no reason
o take the case to trial. The commitment to go to trial is therefore
ardly credible.

If it is known that the prosecutor will drop the case after a plea
ffer is rejected, then a guilty defendant would also choose to reject
he offer. If the commitment to stand trial is not credible, then there
annot be a separating equilibrium that self-selects the guilty and
he innocent. This disturbing outcome is shared by most of the rel-

vant literature on plea bargaining.24 This problem can be resolved
y considering mixed strategies (Baker and Mezzetti, 2001; Kim,
010; Daughety and Reinganum, 2016).

24 See, for example, Reinganum (1988), who  considered a model of two-sided
ncertainty by assuming that the prosecutor also has private information. Her sep-
rating equilibrium (like ours) turns out to not be viable once she dispenses with
he assumption that the prosecutor must go to trial after an offer is rejected.
aw and Economics 55 (2018) 58–70 65

Consider a modified game between P, D1 and D2 specified as
follows. P offers bi to Di, i = 1, 2 and then each Di accepts his respec-
tive offer with probability ˛i and rejects it with probability 1 − ˛i.
If an offer is rejected by Di, then P decides whether to proceed to
trial against Di with probability ˇi or to drop the case with prob-
ability 1 − ˇi. Using such a setup, one can find a semi-separating
equilibrium in which plea bargaining provides some additional
information regarding the co-defendants’ guilt. In this equilibrium,
the prosecutor makes plea offers that are accepted only by guilty
defendants with some positive probability. This result leads the
prosecutor to adjust her belief about the co-defendants’ guilt, thus
triggering a trial with some positive probability.

Formally, we use backward induction. Consider first P’s deci-
sion to dismiss the case given that the offer bi has been rejected. If
only defendant i rejects, then P will go to trial against Di so long as it
reduces expected loss (i.e., so long as the following inequality is sat-
isfied): E[LP | gototrial, �̂] − E[LP | dismiss, �̂] = (1 − �̂)�si − �̂(1 −
�)si = [(1 − �̂)� − �̂(1 − �)]si = (� − �̂)si < 0, which holds if and
only if �̂ > �. Alternatively, P will be indifferent between going to
trial and dropping the case if:

�̂ = �. (4)

We will restrict our attention to the case that P chooses a completely
mixed strategy, i.e., �̂ = �, since our interest is in the existence of a
semi-separating equilibrium.

On the other hand, if both offers are rejected, P will compare the
following two losses:

E[LP | dismiss, �̂] = (1 − �) �̂(s1 + s2),

E[LP | gototrial, �̂] = �̂(1 − q(G))(1 − �)(s1 + s2) + (1 − �̂)q(I)�(s1 + s

It is easy to see that E[LP | dismiss, �̂ = �] > E[LP | gototrial, �̂ = �],
implying that P will strictly prefer going to trial if �̂ = �. In this case,
it is credible for P to proceed to trial.

Bayesian updating of posterior belief implies that:

�̂ = �(1 − ˛i)
1 − � + �(1 − ˛i)

.  (5)

From Eqs. (4) and (5), the equilibrium acceptance probability is ˛∗
i

=
1 − (1−�)�

�(1−�) ≡ ˛∗, for i = 1, 2.
Finally, consider the acceptance decisions of the defendants.

Facing the plea offer bi, defendant Di(t) will accept if:

E[Wi(bi); accept] = bi ≤ ˇi[˛j + (1 − ˛j)q(t)]si = E(Wi(bi); reject],

with indifference if this weak inequality holds with equality. If the
other defendant (Dj) accepts his plea offer with probability ˛j, then
P’s winning probability against Di becomes one and Di’s expected
loss is si. If Dj rejects his offer, then Di’s winning probability is q(t)
and expected loss is q(t)si. From the indifference condition for guilty
defendants, it follows that:

ˇi = bi

[˛j + (1 − ˛j)q(G)]si
. (6)

From Eqs. (4)–(6), the equilibrium values of ˛∗
i
, ˇ∗

i
and �̂ can be

computed. Note that innocent defendants strictly prefer to reject
their offers because q(I) < q(G).

5.2. Possibility of fabricating evidence

So far, we  assumed that if only one defendant accepts the plea

offer and testifies, then the other defendant is convicted with prob-
ability one—even if both defendants are innocent. This assumption
follows from the possibility that a defendant can fabricate evidence
against his co-defendant. If evidence cannot be easily fabricated,
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pendently. If both decide to do so, the crime is committed. So, our
implicit assumptions are: (i) that two potential defendants are part-
ners, so that both of them are essential to committing the crime26;
Fig. 7. Separating equilibrium when r(G) < 1.

hen it is more reasonable to assume that the conviction probabil-
ty increases after the testimony of the co-defendant but remains
ncertain. To capture this idea (allowing for a strictly positive
hance that P fails at trial even when one co-defendant has accepted

 plea and provided evidence against the other), the analysis in
his subsection assumes that 0 < q(I) < r(I) < q(G) < r(G) < 1, where r(t)
enotes the conviction probability of type t after the co-defendant’s
estimony who accepted a plea has been provided. After P has
ffered b1 and b2, the defendants’ decisions about whether to accept
r reject may  be affected by the modified assumption as follows:

AA(t) = {b = (b1, b2) ∈ B | bi ≤ si, i = 1, 2},
RR(t) = {b ∈ B | bi > q(t)si, i = 1, 2},
AR(t) = {b ∈ B | b1 ≤ q(t)s1, b2 > r(t)s2},
RA(t) = {b ∈ B |, b1 > r(t)s1, b2 ≤ q(t)s2}.

ig. 7 shows how the modified assumption of uncertain convic-
ion following acceptance of one plea offer affects the four regions
hown previously in Fig. 2.25 Similar arguments lead us to conclude
hat the separating plea offers are (r(G)s1, q(G)s2) while the pooling
ffers remain unaffected. Intuitively, q(G)s2 is the greatest offer that
he less culpable guilty defendant is willing to accept. D1 knows that
he less culpable defendant D2 will receive such a plea discount and
ill accept it, leading to D1 being convicted with probability r(G).

herefore, P will make a plea offer equal to the certainty equivalent
f his trial outcome, r(G)s1. Since the equilibrium outcome does not
ely on r(I), the analysis under this alternative assumption is almost
he same as long as r(G) ≈ 1.

.3. Trial costs

It is widely recognized that plea bargaining has the potential to
ave the trial costs that would otherwise occur by going to trial.
hese costs are borne both by the prosecutor (and taxpayers he
epresents) and defendants. In this subsection, we allow for positive
rial costs Cp and Cd, representing trial costs to the prosecutor and
o defendants, respectively, with Cp > 0 and Cd > 0.

We assume that D1 and D2 care about the trial costs as well as
he penalty:

˜ i(xi; x̃i) = xi + ϑdCd,
25 Analysis in this subsection continues to rely on the Pareto dominance criterion
or  equilibrium selection.
Fig. 8. Separating equilibrium when Cd′ > 0.

where ϑd(>0) represents a defendant’s marginal disutility of trial
costs. Then, the four regions characterizing defendants’ decisions
regarding acceptance of plea offers are modified as follows:

AA(t) = {b = (b1, b2) ∈ B | bi ≤ si + C ′
d
, i = 1, 2},

RR(t) = {b ∈ B | bi > q(t)si + C ′
d
, i = 1, 2},

AR(t) = {b ∈ B | b1 ≤ q(t)s1 + C ′
d
, b2 > s2 + C ′

d
},

RA(t) = {b ∈ B |, b1 > s1 + C ′
d
, b2 ≤ q(t)s2 + C ′

d
},

where C ′
d

= ϑdCd. All the boundaries shown earlier in Fig. 2 are
shifted upward and to the right by C ′

d
as shown in Fig. 8. The result

of this shift is that the region AA is enlarged (i.e., defendants are
more likely to accept plea offers). Intuitively, defendants know
that losses from going to trial are greater by Cd if they reject the
prosecutor’s plea offer. Fig. 8 shows the unique separating equi-
librium offers are (s1, q(G)s2 + C ′

d
). Because D2(G) accepts a larger

offer (i.e., more severe punishment which is increased by C ′
d
), type-

II errors are reduced in this equilibrium, as long as C ′
d

is not too high
(q(G)s2 + C ′

d
< s2, or equivalently, C ′

d
< (1 − q(G))s2).

Next we  consider how the prosecutor’s decision is affected when
she must incur trial cost Cp > 0. In a separating equilibrium, guilty
defendants accept plea offers and innocent defendants reject them,
which lead to trial costs. In a pooling equilibrium, however, both
types of defendants accept the pooling offers, which implies zero
trial costs. Facing a positive trial cost, the prosecutor will therefore
tend to prefer pooling offers over separating offers. The separating
region becomes smaller (i.e., �̄ becomes smaller). For example, if
Cd = Cp = 0.2 and ϑd = ϑp = 1, we obtain the new threshold value �̄′ ≈
1.275 < �̄ = 1.466.

6. Incentive to commit a crime

The analysis above assumes that the defendants’ decision of
whether to commit a crime has already been made. In this sec-
tion, we  consider an extended model in which defendants decide
whether to commit a crime, anticipating that plea bargaining will
follow in the event they are prosecuted.

The extended game goes as follows. First, potential criminals,
who can be viewed as potential defendants, D1 and D2 are informed
of their respective private benefits from a crime, which will be
denoted by v and v . Then, they decide to commit a crime inde-
26 The assumption of essential partners implies that each of them is non-
substitutable in crime production, possibly due to their expertise.
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Fig. 9. The sequence of events.

nd (ii) their private benefits and costs are non-transferable so that
either one can compensate the other. If they are arrested with the
robability p, P makes plea offers b1 and b2 to them simultaneously
ithout being informed of their guilt or innocence, and then D1

nd D2 decide whether to accept their respective plea offer and if
 defendant rejects it, he is proceeded to trial. See Fig. 9 for the
imeline.

We assume that vi is distributed according to the distribution
unction F(vi) over [0, ∞).  For now, we assume that p does not
epend on whether the defendant is guilty or innocent; in other
ords, it is determined by circumstantial evidence without any
irect evidence.27 Then, the potential defendant-to-be will choose
o commit the crime whenever the net private benefit from com-

itting the crime exceeds that individual’s net private benefit from
ot committing the crime, which translates into the inequality vi ≥
[E(	Wi)], where 	Wi = WC

i
− WN

i
, and WC

i
(WN

i
, respectively)

epresents Di’s loss from committing the crime (not committing
he crime).

Let xi represent Di’s sure sentence. Because the two co-
efendants are assumed to both be involved, the probability that
hey jointly committed the crime is specified as � = Prob(v1 ≥
	W1(x1), v2 ≥ p	W2(x2)) = [1 − F(px1)][1 − F(px2)], assuming
hat no plea bargaining is allowed and no uncertainty is involved in
he judicial decision. Thus, in the extended model, the probability
hat the two co-defendants are guilty is no longer fixed, as they
ere previously, but rather endogenously determined based

n defendants’ private benefits and costs, which lead to their
espective decisions about whether or not to commit the crime.
learly, we have ∂�/∂xi < 0 for i = 1, 2.

The effect of introducing plea bargaining on the crime rate will
epend on whether the resulting value of � ≡ (1−�)�

�(1−�) yields a sep-
rating equilibrium or a pooling equilibrium in the subsequent
lea bargaining game, since defendants make criminal decisions
y anticipating the plea bargaining outcome. It is easy to see, how-
ver, that no pooling equilibrium exists in this extended game with
iven p, based on the following argument.

Potential defendants decide whether to commit a crime by
omparing the net gains from committing the crime versus not
ommitting the crime. Because the pooling plea offer to Di is � si
n an interior pooling equilibrium, the defendant’s net gain from
ommitting the crime is vi − p�si, and his net gain from not com-
itting a crime is −p� si, because he accepts the same plea offer

 si in a pooling equilibrium regardless of whether he commits
he crime. Thus, they commit the crime if vi ≥ p (�si − �si) =  0. In
ther words, potential defendants will always choose to commit
he crime in a pooling equilibrium. The reason is that the oppor-
unity cost of committing a crime is zero in a pooling equilibrium
ecause the potential criminal’s cost would be the same even if he

id not commit the crime. The possibility of plea bargaining causes
he opportunity cost of committing the crime to shift to zero in any
ooling equilibrium. Therefore, potential defendants prefer to com-

27 For example, an innocent defendant may  be arrested simply because he or
he  was at the crime scene together with the victim. Miceli (1996) also assumes
hat p is exogenously given, whereas p is endogenously determined in Reinganum
1993). Because our focus is the effect of plea bargaining on the crime rate, our

odeling approach abstracts from the mechanisms that endogenously determine
aw-enforcement and law-making policies.
Fig. 10. Determination of the pooling-equilibrium crime rate, �P , relative to the
minimum crime rate for which separating equilibrium is supported, � .

mit  the crime in any pooling equilibrium (unless the private benefit
from a crime is negative). Because defendants always commit the
crime, then � = 1,28 and thus � = 1 > � (> 0), which contradicts
the condition for existence of the pooling equilibrium.

The main insight behind the result of no pooling in equilibrium is
that although defendants have a higher criminal incentive (thereby
inducing higher �) due to lower opportunity costs in a pooling equi-
librium than in a separating equilibrium, it contradicts with the
interest of P, since P prefers a pooling equilibrium to a separating
equilibrium only if � is high, or equivalently, � is low. This insight
is carried over to the more general case that pC > pN(>0) where pC
is the arrest probability when a defendant commits a crime and pN

is the probability of wrongful arrest (when he does not commit a
crime), as long as 	p  ≡ pC − pN is small.29

Proposition 3. There exists 
(>0) such that for any 	p ≤ 
, a pooling
equilibrium does not exist in the extended game.

If 	p  is large (the police’s arrest technology is sufficiently effi-
cient), then a pooling equilibrium may  be viable. Let the crime rate
in an interior pooling equilibrium be �P. Then, it must satisfy

� = [1 − F (	p�  (�)s1)]  [1 − F (	p�  (�)s2)] ≡ ˚(�), (7)

where ˚(�) represents the crime rate function in units of proba-
bility. Note that the pooling offer � (�)si increases in � and so does
F (	p�  (�)si),  implying that the right-hand side of Eq. (7) decreases
in � . Intuitively, as the crime rate � becomes larger, defendants
are more likely to be guilty and thus type-II errors become more
important. Therefore, the pooling offer bi tends to be higher, so the
likelihood that the gain from a crime (vi) exceeds the opportunity
cost of committing a crime (	pbi) is lower. Fig. 10 shows how the
fixed point of ˚(.) function, �P, is determined. If �P < � , then �P is a
legitimate pooling equilibrium crime rate (and � , as defined above,

denotes the minimum value of � for which a separating equilibrium
is supported). The crime rate in a non-interior pooling equilibrium
can be similarly determined.

28 Note that this result of � = 1 comes from the assumption that vi ≥ 0. If there are
some people who get direct utility from law abiding for some (moral) reasons, it
may  not be valid.

29 To see this, note that � = [1 − F(b1	p)] [1 − F(b2	p)] and lim
	p→0

�(	p) = 1,

because the pooling plea offers b1 and b2 are bounded above.
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equilibrium obtained in Proposition 1 remains the unique separat-
ing equilibrium in the extended game under the objective function
L̂P .30
8 N. Berg, J.-Y. Kim / International Revi

Comparison of the crime rate. We  will compare the crime rate
ssociated with plea bargaining versus without. Intuitively, plea
argaining has two conflicting effects on the incentive to commit

 crime. On one hand, plea bargaining can increase the incentive
o commit a crime because reduced sentences in plea offers con-
equently reduce the expected cost of committing a crime. On the
ther hand, plea bargaining may  reduce the incentive to commit

 crime because plea bargaining can improve informational effi-
iency, thereby increasing the probability that guilt is revealed. We
ill refer to the crime-incentivizing effect as the low-penalty effect

nd the crime-disincentivizing effect as the high-conviction-rate
ffect.

First, we will consider the case that the plea bargaining outcome
s a separating equilibrium. It is not difficult to see that the sepa-
ating equilibrium obtained in Proposition 1 remains unaffected in
his extended game. Given the criminal decision being made, P has
o reason to make a different pair of plea offer because it cannot
ffect the criminal incentive. Now, note that the outcome in the
ase of innocent defendants is the same regardless of whether plea
argaining is used, because innocent defendants will reject plea
ffers in the separating equilibrium. In the case of guilty defen-
ants, the less culpable defendant faces exactly the same incentive
o commit the crime because his penalty under plea bargaining is
he certainty equivalent, q(G)s2, of his uncertain penalty when plea
argaining is not allowed (i.e., he gets the sentence s2 with probabil-

ty q(G)). In contrast, the incentive of the more culpable defendant
hanges once plea bargaining is introduced. Under plea bargaining,
he more culpable defendant receives the plea offer s1 and chooses
o accept it. Therefore, his expected penalty under plea bargaining,
1, must be greater than the expected penalty without plea bar-
aining, q(G)s1, because, under plea bargaining, the more culpable
efendant is subject to the same penalty but with a higher con-
iction probability due to the other defendant’s testimony, which
s precisely the high-conviction effect. Because of this difference,
lea bargaining has the effect of reducing the crime rate in a sepa-
ating equilibrium by increasing the probability of conviction, i.e.,
S < �N where �S and �N are crime rates under the plea-bargaining

in a separating equilibrium) and no-plea-bargaining institutions,
espectively.

The reason why the low-penalty effect does not appear in this
eparating equilibrium is that the plea offer made to the less
ulpable defendant is not just a reduced penalty but a rather elabo-
ately calculated penalty which turns out to be exactly the same
s the expected penalty (i.e., certainty equivalent) without plea
argaining. By making such an offer (which is not lower than the
xpected penalty q(G)s2) and taking the possibility of type-II error
nto account, P can avoid weakening the deterrent effect.

We turn now to the case that the plea bargaining game selects a
ooling equilibrium. The viability of a pooling equilibrium requires
hat �P < � . Also, in any separating equilibrium, we must have � <
S < �N . Therefore, we can conclude that �P < �N, which means

hat the crime rate is lowered by plea bargaining even in a pooling
quilibrium. The intuition is rather tricky, because it is not imme-
iately clear how to compare the severity of expected penalties in
he two cases of the no-plea-bargaining outcome and the pooling
quilibrium with plea bargaining. From the static model, it seems
hat pooling offers are much less severe than equilibrium separat-
ng offers are and also less severe than expected penalties without
lea bargaining. While it is true that separating-equilibrium plea
ffers are more severe than pooling-equilibrium plea offers for any
iven � , the two cases of separating and pooling offers never arise
or a single value of � . Pooling equilibria are chosen only for suf-

ciently low values of � . In other words, P does not choose to
ake pooling offers whenever there are concerns that they will

ead to a higher crime rate. When can P expect that the result-
aw and Economics 55 (2018) 58–70

ing crime rate will be sufficiently low, satisfying the condition
�P < �? P will prefer a pooling equilibrium to a separating equi-
librium if she is very unlikely to win the case by going to court,
(i.e., if q(G) is low, satisfying q(G) < � ). In this case, how much will
the defendants expect their penalties to be reduced if they choose
not to commit a crime? The reduction in the expected penalties is
larger under plea bargaining (in a pooling equilibrium) than under
no plea bargaining, because � (pG − pI) > pGq(G) − pIq(I) or equiva-
lently, [� − q(G)] pG > [� − q(I)] pI if pG  pI. This implies that if
pG and pI differ by much, defendants have a less incentive to com-
mit  a crime under plea bargaining even in the case of the pooling
equilibrium. Again, the intuitive reason why a harsher sentence is
feasible with plea bargaining in a pooling equilibrium than without
plea bargaining is that P can exploit the informational advantage
that follows from the testimony of the other defendant (if a defen-
dant rejects the plea offer) as a threat. The following proposition
summarizes the analysis presented in this section.

Proposition 4. Plea bargaining reduces the crime rate.

Comparison under P’ alternative objective function. To see the
robustness of Proposition 4, we will consider the possibility of alter-
native objective functions for the prosecutor. The prosecutor may,
for example, be concerned about the social harm caused by the
crime as well as by judicial errors. If we  consider this possibility as
well, then the corresponding loss function L̂P would be a weighted
sum of judicial errors and social harm caused directly by the crime:

L̂P(x1, x2) = �

2∑
i=1

Li(xi) + (1 − �)�(x1, x2)H, (8)

where H is the social harm from the crime itself and � is the relative
weight placed on judicial errors. Note that the second term (social
harms) as well as the first term (judicial errors) are affected by
the actual expected sentences x1 and x2 because the crime rate is
specified to depend on x1 and x2.

However, even if we consider this alternative loss function of
the prosecutor, her decision is not affected in a separating equi-
librium. To see this, consider once again point E1 in Fig. 4, whose
coordinates provide the unique separating equilibrium offers in
the plea-bargaining game under the objective function LP. We  will
show that the point is still the unique equilibrium outcome under
L̂P . In a separating equilibrium, if we want to stay within the yellow
region labeled K = AA(G) ∩ RR(I) ⊂ BS in Fig. 4 so as to slightly reduce
x1 or x2 (within that region), then the overall crime rate increases.
More generally, let the function � = [1 − F(px1)][1 − F(px2)] ≡ g(x1,
x2) represent the indifference curve that yields the same crime rate.
Then, the indifference curve is downward-sloping and symmetric
along x1 = x2, because ∂g/∂xi < 0 for i = 1, 2 and F(vi) is identical for
i = 1, 2. The upper contour set of crime rate �0 is defined by U = {(x1,
x2) | �0 ≤ g(x1, x2)}. If we  let �0 = g(s1, q(G)s2), any (b1, b2) ∈ K must
be in U, implying that it increases the crime rate. Therefore, social
loss cannot be reduced by such a change. In the opposite direc-
tion, if we  consider the region KC ∩ BS (e.g., point A′ in Fig. 4) hoping
to reduce the crime rate, then this offer is necessarily rejected by
one of the defendants (say D1), and the actual expected penalty
is reduced to (s1, q(G)s2). Because this outcome is identical to the
plea offer (b1, b2) = (s1, q(G)s2) in the view of defendants, it will
leave the crime rate unaffected. Therefore, the unique separating
30 Uniqueness holds whether the prosecutor’s loss function is LP or L̂P . It should
be pointed out that the loss function L̂P may raise the issue of time inconsistency.
Once defendants have committed a crime, the prosecutor may decide that she only
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Pooling equilibria could be affected by the alternative objective
unction of the prosecutor based on its implicit extra considera-
ion of crime deterrence. If the prosecutor is concerned about the
eterrence effect, she will increase her pooling offers to sacrifice

udicial errors by moving northeast slightly from the static equilib-
ium, which will definitely lead to a lower crime rate. Therefore, the
esult that plea bargaining will reduce a crime rate is not affected
nder this alternative objective function of the prosecutor; rather,

t is strengthened.31 Note that this result does not rely on P’s ability
o commit to some b1 and b2 in the plea bargaining stage. Since the
otential defendants can rationally anticipate how b1 and b2 will
e determined in equilibrium, they will be less inclined to com-
it  a crime (without commitment) if P has a harm-added objective

unction.
Welfare comparison. Next, we examine whether introducing plea

argaining is socially beneficial. Intuitively, plea bargaining has the
dditional effect on social welfare of reducing judicial errors as well
s its two effects on the crime rate. Since social welfare is deter-
ined by judicial errors and the crime rate, we can define the social

oss function (LS) which is identical to the prosecutor’s alternative
oss function (L̂P): that is, LS = �

∑2
i=1Li(xi) + (1 − �)�(x1, x2)H. To

ompare the social losses when plea bargaining is allowed versus
ot allowed, it is convenient to first compare the social losses due
o judicial errors (i.e., the first term in LS).

First, we will compare the no-plea-bargaining outcome with
lea bargaining when the subsequent equilibrium is separating.
quilibrium social losses (due to judicial errors) with no plea bar-
aining versus with plea bargaining in a separating equilibrium are
enoted as LN and LS, respectively, and computed as follows:

N = �N(1 − �)(1 − q(G))(s2
1 + s2

2) + (1 − �N)�q(I)(s2
1 + s2

2), (9)

S = �S(1 − �)(1 − q(G))2s2
2 + (1 − �S)�q(I)(s2

1 + s2
2). (10)

As argued earlier, the introduction of plea bargaining has two
dvantages reflected in the social loss function. First, plea bar-
aining lowers the crime rate (�S < �N). Second, the risk of type-II
rror is reduced: ((1 − q(G))2s2

2 < (1 − q(G))(s2
1 + s2

2)). The second
ffect is due to P’s quadratic loss function that represents pros-
cutorial risk aversion, given that the actual penalty that guilty
efendants face under plea bargaining is the certainty equivalent
f their risky penalty under no plea bargaining. Although both
f the effects are advantageous to social welfare, combining the
wo effects may, paradoxically, lower social welfare, because the
rst effect (a decrease in �) makes the second effect less impor-
ant (1 − �S > 1 − �N). Because the defendants are more likely to
e innocent under plea bargaining, it may  decrease social wel-
are if the risk of type-I error is greater than that of type-II error
(1 − �)(1 − q(G))2s2

2 < q(I)(s2
1 + s2

2)). However, if we assume that
he wrongful conviction probability of innocent defendants q(I) (the

ain source of type-I error) is very low, then we  can say that plea
argaining is socially beneficial i.e., LS < LN, because its first-order
ffects are to deter crime and reduce type-II errors.

If a pooling equilibrium occurs under the plea bargaining sys-

em, we should compare the equilibrium social losses denoted by
P with LN. However, if P prefers a pooling equilibrium to a sep-
rating equilibrium, it means that LP < LS, in turn, implying that

eeds to be concerned about judicial errors and ignore any effects of plea bargain-
ng  on incentives of potential criminals to commit crimes (because the crime rate is
lready determined, i.e., the prosecutor’s loss function is now reduced to LP). How-
ver, because minimizing L̂P is equivalent to minimizing LP , then no problem of time
nconsistency occurs.
31 The result of no pooling equilibrium when 	p  is small is also valid regardless of
he loss function for P (i.e., either LP or L̂P ), because � = 1 is not consistent with the
iability of the pooling equilibrium.
aw and Economics 55 (2018) 58–70 69

LP < LN. Therefore, plea bargaining increases social welfare whether
a separating equilibrium or a pooling equilibrium results.

Finally, we consider the entire social loss function LS and eas-
ily see that the social efficiency of the plea bargaining institution
remains. If we  add the term �H to the social loss function due to
judicial errors (LP), then the social efficiency of plea bargaining
is strengthened because of its additional effect of reducing social
losses by decreasing the crime rate. Counter to widespread percep-
tions to the contrary, the case for plea bargaining is strengthened
by taking into account the social harms caused by the crime itself,
at least in the multi-defendant setting.

7. Conclusion and caveats

In this article, we considered the incentives to commit crimes
among multiple potential co-defendants and some new issues
surrounding asymmetric information between prosecutor and
defendants in a model of plea bargaining with multiple defendants.

One intriguing direction for extending our model would be to
incorporate the possibility that the two  defendants’ types are not
perfectly correlated, that is, that the prosecutor is not sure about
whether one defendant is a sole criminal or has an accomplice.
Extending to those cases by allowing the possibility that one defen-
dant is innocent while the other is guilty, the model’s implications
based on the mechanism of inferring one defendant’s guilt from the
other’s guilty plea would likely require substantial modifications.

Appendix.

Proof of Proposition 1

Proof of Proposition 1. Since LP(b) is monotonically decreasing
in both b1 and b2, the equilibrium offers must be either b1 = (s1,
q(G)s2) at E1 or b2 = (q(G)s1, s2) at E2. We  will compare expected
losses at E1 and at E2. We  have

LP(b1) = (1 − �)�q(I)(s2
1 + s2

2) + �(1 − �)(1 − q(G))2s2
2,

LP(b2) = (1 − �)�q(I)(s2
1 + s2

2) + �(1 − �)(1 − q(G))2s2
1.

Since type-I errors are the same at E1 and E2, we have LP(b1) < LP(b2)
if and only if s1 > s2.

Proof of Lemma  2. The proof follows from comparing P’s losses
from the offers in the pooling equilibrium and his losses from the
separating equilibrium offers. When bi > si for i = 1, 2, P’s losses are:

LP(b1, b2) = �(1 − �)(1 − q(G))(s2
1 + s2

2) + L0, (11)

where L0 = (1 − �)�q(I)(s2
1 + s2

2), because both offers are always
rejected. On the other hand, P’s losses from the separating offers
are:

LP(s1, q(G)s2) = �(1 − �)(s2 − q(G)s2)2 + L0. (12)

One can easily see that:

LP(s1, q(G)s2) < LP(b1, b2) ⇔ (1 − q)s2
2 < s2

1 + s2
2, (13)

which always holds. Thus, the proof is complete.�

Proof of Lemma  2. Consider an interior point in AA(I). Note that
both offers at this point are accepted by both types of defendants.
Then any point except points on the red line segment is associated
with a lens-shaped region (as illustrated in Fig. 5) generated by

two iso-loss circles passing through the point so that a deviation to
a point in the lens area reduces both type-I and type-II errors. This
result implies that all the possible pooling offers in the interior of
AA(I) region are in the red line segment. �
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roof of Lemma  3. Consider the vertical boundary of AA(I). Any
oint except the one point on the red line segment is, similar as

n the previous paragraph, associated with a loss-reducing lens-
haped area overlapping with AA(I), so that it cannot be a pair of
ooling equilibrium offers. On the other hand, the lens area asso-
iated with a point on the horizontal boundary of AA(I) does not
verlap with AA(I), which means that P cannot choose any better
ooling offers by deviating to a point in the loss-reducing lens area.

roof of Proposition 2. The pooling region consists of AA(I), AR(I),
A(I) and RR(G), but we omit considering RR(G) due to Lemma  1.

Consider any point in AR(I) ∪ RA(I). Because a pair of offers in
R(I) and RA(I) is rejected by D2(I) and D1(I), respectively, the pair
f sentences that the defendants actually expect to receive will end
p on the border between AA(I) and AR(I) (or RA(I), respectively). As
efore, P can find a better pair of offers than any point in the border
etween AA(I) and AR(I) by moving inside a loss-reducing lens area,
xcept for the point (q(I)s1, s2). Similarly, P can profitably deviate
rom any point in the border between AA(I) and RA(I) except for the
oint (s1, q(I)s2).

Regarding point (q(I)s1, s2), one can see that the intersection
f the loss-reducing lens area and the set AA(I) is not empty as
ong as s1 > s2. This means that P can profitably deviate from the
oint, which implies that point (q(I)s1, s2) cannot be a pair of pooling
quilibrium offers. At point (s1, q(I)s2), there is no intersection of the
ens area and the set AA(I). Thus, the result follows from Lemmas 2
nd 3. �

roof of Proposition 3. If pC = pN = p, in a pooling equilib-
ium, a potential defendant commits a crime if vi ≥ p (�si − �si) =
. Because F(0) = 0, �(b1, b2) = 1 − F(0) = 1 for any pooling offers
b1, b2), implying that � = 1. Because P prefers pooling offers
o separating offers only if � ≤ � (< 1), it is a contradiction. If

p  = pC − pN > 0, lim �(	p) = lim [1 − F(b1	p)] [1 − F(b2	p)] =

	p→0 	p→0

. Therefore, there exists 
(>0) such that for any 	p  < 
, �(	p) > � ,
hich violates the condition for the existence of a pooling equilib-

ium. �
aw and Economics 55 (2018) 58–70

Proof of Proposition 4. �S = �(s1, q(G)s2) < �(q(G)s1, q(G)s2) = �N

because ∂�/∂xi < 0. Because �P < � < �S < �N , the proof is com-
plete. �
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