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 A peculiar principle of legal evidence in common law systems is that probative
 evidence may be excluded in order to increase the accuracy of fact-finding. A
 formal model is provided that rationalizes this principle. The key assumption
 is that the fact-finders (jurors) have a cognitive cost of processing evidence.
 Within this framework, the judge excludes evidence in order to incentivize
 the jury to focus on other, more probative evidence. Our analysis sheds light
 on two distinctive characteristics of this type of exclusionary rules. First, that
 broad exclusionary powers are delegated to the judge. Second, that exclusion
 on grounds of undue prejudice is peculiar to common law systems. Both
 features arise in our model.

 1. Introduction

 In common law trials, the judge prescreens the evidence that the jury will get
 to see. Although the jury in a trial should, as a general rule, be presented with
 all relevant evidence, there are exceptions. An important exception is based
 on the principle that excluding probative evidence may increase the accu-
 racy of fact-finding. In the US system, this principle is referred to as exclu-
 sion on grounds of unfair prejudice.1 According to this principle, the judge
 is given wide discretion to exclude evidence that, although probative, is seen
 as "unfairly" biasing the fact-finder (the jury). The principle also underlies
 several other more specific exclusionary rules and powers.2 This principle is
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 1. The fundamental principle underlying such exclusions is expressed in Rule 403 from the
 US Federal Rules of Evidence, which states: "Relevant evidence may be excluded if its probative

 value is substantially outweighed by the danger of unfair prejudice [...]"
 2. Such as the exclusion of character and prior acts, the power to bar expert witnesses from

 testifying who are "hired guns," as well as, perhaps, the rule against hearsay evidence.
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 remarkable for the latitude it affords the judge to influence the outcome of the
 trial.

 The principle that excluding probative evidence may increase the accuracy
 of fact-finding is peculiar to common law systems,3 and it has received a great
 deal of skeptical scrutiny.4 Yet, given its long history, exclusion by reason of
 unfair prejudice should be presumed to play some important functional role in
 common law systems.

 The conventional justification is a paternalistic one: given certain kinds of
 evidence, juries make predictable mistakes in updating and so they need to
 be protected from themselves. In this article, we articulate a nonpaternalistic
 model of "undue prejudice" that is not based on mistaken updating on the part
 of the jury. The logic is very simple. In our model, jurors can be fully ratio-
 nal, but they have a cognitive cost of processing information. The cost cap-
 tures the idea that some information is hard to understand. Jurors are assumed

 to (consciously or subconsciously) optimize their mental effort in processing
 information - they behave as "cognitive misers."5 Such jurors may focus on
 information that is easy to understand, though not necessarily very probative,
 instead of evaluating information that is very probative but hard to understand.

 In this framework, excluding easy-to-understand information can provide the
 proper incentives for the jury to focus on more probative information, thus
 improving the quality of the decision.6

 We study the comparative statics properties of this model and demonstrate
 some fairly counterintuitive properties. For example, making evidence more
 probative may lead it to be optimally excluded. Similarly, a judge may opti-
 mally choose to exclude more evidence when faced with a more competent
 jury. Finally, we show that the decision to exclude evidence is a contextual
 one: optimal exclusion of one piece of evidence requires taking into account its

 3. Damaska (1997: 15) remarks "Rules typical of common law can be found only among those
 that reject probative information, on the belief that its elimination will enhance the accuracy of
 fact-finding." He calls such exclusionary rules "intrinsic."

 4. Jeremy Bentham thought that excluding evidence impaired jury deliberation and devoted
 a large part of his 1 827 treatise to exposing what he perceived as the drawbacks of exclusion of
 evidence (see Bentham 1827). More recently, Gordon Tullock (1996: 7) also took a dim view of
 this exclusionary principle.

 5. It is well documented in the cognitive psychology literature that there are costs, in terms of

 both time and effort, associated with absorbing, processing, and drawing inferences from pieces
 of information. See, for example, Broadbent (1958) and Kahnemann (1973); Craik and Lockhart
 (1972) and Lindsay and Norman (1977); and Payne et al. (1993). It is also well documented that in-
 dividuals strategically choose, either consciously or subconsciously, which of these costs to incur.
 Baker et al. (1996) provide physiological evidence of conscious "executive control" over cogni-
 tive processes, while Payne et al. (1993) and many others report similar findings in experimental
 studies. For research of this type in the context of juries, see ForsterLee et al. (1994, 1997),
 Maheswaran and Chaiken (1991),Weinstock and Flaton (2004), Bourgeois et al. (1993), Petty
 and Cacioppo (1986), and Heuer and Penrod (1994).

 6. In this account, the judge who excludes evidence is not behaving paternalistically. Rather,
 he is employing the (limited) means at his disposal to induce the jury to exert more effort. In this

 respect, the problem is analogous to a principal-agent relationship in an economic setting.
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 relationship with all other pieces of evidence. We interpret these complex and
 counterintuitive properties as evidence that general rules mandating exclusion
 are unlikely to be optimal.7 In this sense, our analysis finds virtue in the broad
 latitude currently afforded the judge.8 Finally, the analysis suggests a reason
 why exclusion by reason of unfair prejudice is characteristic of common law
 systems. This is because common law systems are adversarial; we shall develop
 this argument later in the article, after we have introduced some key concepts.

 We view this framework as helping to articulate a notion of "undue" preju-
 dice that is distinct from a juror's reliance on prior beliefs. This reliance can
 be perfectly appropriate in a Bayesian framework and thus may not be undue.
 We say that a juror shows undue prejudice if he does not process a piece of
 available information due to his private cognitive costs. The resulting overre-
 liance on the juror's prior is undue in the sense that a benevolent social planner,
 mindful of the large positive externalities of a correct decision, would greatly
 discount (in the limit, ignore) the private cognitive costs incurred by the jury
 and command the jury to evaluate every piece of evidence.

 In a related point, the inefficiencies in our model arise not because of any
 biases in information processing (which may or may not be present)9 but rather

 because of the wedge between private and social incentives introduced by the
 (privately borne) cognitive cost of jurors. That said, the aim of this article
 is certainly not to contend that juries are perfectly rational in their updating.
 Rather, we challenge the notion that exclusionary rules cannot be understood
 within a standard Bayesian framework with optimizing agents.

 1.1 Related Literature

 This article is related to the economic literature on information acquisition. The

 existing literature analyzes optimal information acquisition when information
 is aggregated through voting (e.g., Gersbach 1995; Mukhopadhaya 2003;
 Persico 2004; Feddersen and Sandroni 2006; Martinelli 2006, 2007; Gerardi
 and Yariv 2008a; Gershkov and Szentes 2009); information acquisition in
 bureaucratic settings (Stephenson 2007); and the optimal transmission of infor-
 mation from "experts" to less informed principals (Gerardi and Yariv 2008b).
 Borgers et al. (2007) study the valuation of multiple pieces of information in
 a setting with costly information acquisition. Overall, the techniques used in
 this literature are quite close to those utilized here, even though our focus is
 not exclusively on Bayesian updating. A different literature that is related to
 this article is that of multitasking (see, e.g., Holmstrom and Milgrom 1991;
 Aghion and Tirole 1997). Our article shares with this literature the idea that
 inefficiencies arise because of the excessive size of the agent's opportunity set.

 7. Although we must acknowledge that some general principles may exist which have eluded
 our analysis.

 8. In our model, the judge is a benevolent entity. If the judge pursued socially incorrect objec-
 tives, then delegating to the judge might be problematic.

 9. In our analysis, jurors may, or may not, update in a Bayesian fashion.
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 None of these articles, however, address the specific institution or mechanism
 discussed in this article.

 Our article is also related to the large legal literature inquiring about the
 rationale for "intrinsic" exclusionary rules (using the terminology of Damaska
 1997). The first category of rationales is based on an incentive argument: by
 excluding evidence, the legislator might seek to provide incentives for potential
 wrongdoers. Thus, an extreme rendition of the argument goes, incentives ought
 to be conditioned preferably on signals that the wrongdoer can affect by his
 actions; all other evidence (character evidence, in particular) should not be
 used to provide incentives. This clever argument was proposed by Sanchirico
 (2001), and Schrag and Scotchmer (1994) provide a related argument.10 The
 second, more conventional category of argument is based on the view that
 exclusion helps improve the quality (accuracy) of the outcome of the trial.
 This is either because the juror's goals might be swayed by the presentation of
 certain kind of evidence11 or because jurors might update incorrectly.

 2. The Benefits of Exclusion: An Example
 In this section, we introduce a simple example to illustrate how a judge's ability
 to exclude evidence can be welfare-improving. Suppose that a juror is asked
 to decide whether the speed of a car that was involved in an accident exceeded
 50 miles per hour. Let x denote the speed of the car, which in the juror's mind
 is equally likely to be any real number between 0 and 100 miles per hour.
 Formally, we think of x as a random variable that is drawn from the uniform

 distribution over the interval [0, 100]. The juror receives a payoff of 0 if he rules
 correctly and a payoff of -100 if he rules incorrectly. There are two pieces of
 evidence available, but each is costly to process. The first piece of evidence,
 which we denote by E' , has a cost of 5 and informs the juror whether or not x
 is in the interval [0, 20]. The second piece of evidence, £2 , has a cost of 35 and
 informs the juror whether or not x is in the interval [10, 50].

 Notice two characteristics of E' and E 2. First, E' is less valuable information

 than E2 on average: learning that x £ [0,20] is less informative about whether
 x ^ 50 than learning that x £ [10,50]. Second, observing the
 realization of both pieces of evidence reveals with certainty if the speed
 exceeded 50.

 Table 1 below illustrates the payoffs to both the juror and society when the
 juror chooses to process just the first piece of evidence, just the second, both,
 and neither. We assume that the cognitive costs of processing information
 incurred by the jurors are negligible to society. To understand these values,

 10. This argument relies on the predictability of exclusion on the part of the potential wrong-
 doer. A salient feature of Rule 403 in the US Federal Rules of Evidence, in contrast, is the latitude

 given the judge to exclude evidence on a case-by-case basis. That latitude seems to run counter
 the incentive-giving argument because it makes it difficult for the potential wrongdoer to foresee
 what evidence might be excluded.

 1 1 . Some authors argue that evidence of past crimes, for example, might tempt the jury into
 punishing the past crime as opposed to the (alleged) present one.
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 Table 1 . Payoffs to Juror and Society

 Juror

 Process Expected payoff Process Expected payoff

 Ei -35 Ei -30
 E2 -45 E2 -10
 EUE2 -40 EUE2 0
 Neither

 consider, for example, the expected payoff to the juror from processing E' .
 First, the juror incurs processing cost -5. With probability the signal re-
 veals that the driver's speed, x, was in the interval [0,20], so the juror rules
 correctly that x ^ 50 and receives payoff 0. With probability the signal re-
 veals that x G [20, 100]. Conditional on this realization, the juror can deduce

 that jc<50 with probability | and x> 50 with probability |, so his optimal
 ruling is x > 50. The juror's ex ante expected payoff from processing E' is

 thus -5 + Q)(1)(0) + (|) (|) (-100) = -35. The remainder of the values
 are calculated in a similar fashion.

 Clearly, the optimal outcome for society is for the juror to process both pieces
 of evidence. However, the juror would choose to only process E' as the gains
 from a more accurate ruling associated with E2 are outweighed by the costs of
 processing.12 To prevent this outcome, which is socially undesirable, the judge
 can exclude E' (thereby also excluding the package E' and Ei) and the juror
 will choose to process E2. Though this outcome is second best, the payoff to
 society clearly dominates the payoff in the absence of exclusion.

 3. Model

 We assume, for simplicity, that the jury is composed of only one juror.13 Let 0
 be a random variable denoting the true state of the world. The realization of this
 random variable is what needs to be determined, but it is unknown to both the

 judge and the juror. There is a set of random variables y = {EuE2,...,En}
 that are correlated with 0. We will refer to these variables as pieces of evidence

 and to any subset as an information set. The information system <5? represents
 all the evidence that could conceivably be presented to the juror.

 12. Though here we assume that all evidence is evaluated simultaneously, the benefits of exclu-
 sion extend to the case of sequential evaluation as well, where by sequential evaluation we mean
 that the juror could decide whether to process more evidence or return a verdict after evaluating
 each piece of evidence. To see this, consider the following modification of the example: let the
 cost of processing Ei be 6 and the cost of processing E2 be 40. Moreover, let E2 be informative as
 to whether jc € [5,50], while maintaining the assumption that E' reveals whether x e [0,20]. One
 can show that the juror will still evaluate only Ei, at a juror payoff of -36 (while society's payoff
 is -30). When the judge excludes Ei , the juror will evaluate E2 at a payoff of -45 to the juror and
 -5 to society. For the remainder of the article, we focus our analysis on the case of simultaneous
 evidence evaluation.

 13. This assumption is relaxed in Section 6.
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 The juror, but not the judge, has the ability to evaluate the evidence, which
 means that the juror can extract the information contained in the evidence. We
 think of the evaluation process as analogous to opening a box and observing
 the realization e, of the piece of evidence . Opening the box entails a cost, as-
 sociated with the cognitive process of evaluating a piece of evidence and using
 the information to update beliefs. We also assume that, before going through
 the evaluation process, the jury and the judge have a sense of the probative
 value contained on average in the piece of evidence; formally, the probability
 distribution over realizations of conditional on 0, is known to all.

 Not all pieces of evidence need to be presented to the juror, nor is the juror
 obliged to evaluate every piece of available evidence. At the judge's discretion,
 the juror may be presented with any subset S C 5? of all the possible evidence.
 The juror, in turn, may choose to restrict attention to any subset s C S of the
 evidence that is presented to her.

 If the juror evaluates a subset s of the evidence presented to her, she receives
 an expected payoff

 V(s)-C(s).

 The function C(s) represents the cost the juror incurs from evaluating the in-
 formation set s. The function V(-) represents the expected benefit to the juror
 from adjudicating the case. We shall assume that V is monotonic in the sense
 that

 V(s) ^ V(s') if s C s'.

 This implies that every piece of evidence is (weakly) valuable, in that it does
 not decrease, and it will typically increase, the accuracy of the decision. It
 is this assumption that separates our approach from the literature that views
 exclusion as a way of mitigating faulty updating.

 3.1 Social Welfare and the Problem of the Judge
 We stipulate that the expected value to society from adjudicating the case based
 on consideration of information set s is given by V (s). This amounts to assum-
 ing that C, the juror's disutility from processing information, is negligible to
 society relative to the benefit of reaching the correct decision. Because V is
 monotonic, the maximum value of V is achieved when all information is uti-

 lized by the juror. The juror, in contrast, does not necessarily want V to be
 maximal because her objective function also involves C. Thus, the juror does
 not generally have the socially proper incentives to process all available infor-
 mation, and an agency problem arises.

 The judge, whose utility coincides with society's, simply wants V to be max-
 imal. The divergence of interests between the juror and the judge (or society)
 leaves room for socially beneficial intervention on the part of the judge. We
 assume that the act of evaluating evidence is not contractible, so the juror can-
 not be compensated based on the evidence she might choose to evaluate. Such,
 of course, is the case in real-world courts. The only instrument that the judge
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 may use to intervene in the adjudication process is the exclusion of evidence.
 By restricting the set of evidence presented to the juror, the judge may induce
 the juror to evaluate more probative evidence.

 In our model, the judge chooses the subset of evidence S to present to the
 juror so as to maximize the probative value of the evidence evaluated by the
 juror.14 The judge cannot, or at least does not, perform the task of evaluating
 evidence before deciding on exclusion.15 Formally, the judge's problem is

 maxV(s*)
 s

 s.t. s* G argmaxV(s) - C( s).

 This model is not necessarily tied to the assumptions of Bayesian updating.
 Instead, it operates at a more abstract level by taking as primitive the function
 V, which may or may not derive from Bayesian updating. In the special case of
 Bayesian updating, the function V (s) would represent the expected gains from
 a correct ruling conditional on the information contained in s. Of course, such
 a function V satisfies our monotonicity assumptions that V (s) ^ V (s') if s C s'
 because a Bayesian decision maker can make a better decision when he has
 more information.

 4. The Absence of General Principles Guiding Exclusion
 In this section, we present several results pointing to the difficulty of eliciting
 general principles that can inform the exclusion of specific pieces of evidence
 as a general rule. One source of this difficulty is that optimal exclusion is nec-
 essarily conditional on the totality of the evidence at one's disposal. To see
 this, note that if 5? - {E'} is a singleton, then E' should always be admit-
 ted, regardless of its informational content or cognitive costs. But if exclusion
 leads some other piece of evidence to be evaluated, as in the initial example,
 then it may be optimal to exclude E'. Hence the key point: excluding a piece
 of evidence (E' in our case) may be beneficial or detrimental, depending on
 the characteristics of other available pieces of evidence. In theory, therefore, a
 general rule that attempted to mandate optimal exclusion will need to condi-
 tion the exclusionary rules on the fine details of the other evidence available in
 the case.

 The fact that optimal exclusion is conditional is not the only reason why gen-

 eral principles concerning exclusion are difficult to come by. In the remainder
 of this section, we show that optimal exclusion can have some counterintuitive
 properties. We interpret these findings as suggestive that it is difficult, within
 our model, to give general prescriptions about what evidence ought to be
 excluded.

 14. Evidence that, in equilibrium, will not be evaluated by the jurors is irrelevant, and thus it
 can be assumed that the judge excludes it.

 15. In our model, this role is reserved for the jury. This assumption embodies the common law

 principle that fact-finding is for the jury and the judge is supposed to act as a referee.
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 4.1 The Informational Content of Evidence, Outcomes, and Exclusion

 First, we will use an example to illustrate that improving the accuracy of ev-
 idence may lead to a worse decision. We heed strictly to the Bayesian updat-
 ing framework; the V functions in the examples are derived from Bayesian
 decision making and the cost function is additive. Given the purpose of the
 (counter)examples, the fact that they obtain in a very conventional environ-
 ment should help convince the reader that they are a robust feature in this
 framework.

 Consider the example described in Section 2, in which the juror must rule
 on whether the speed of a car, which we denote by x , was greater or less than
 50 miles per hour. Let us maintain all previous assumptions on the distribu-
 tion of x, the juror's payoffs, and the properties of E 2. First, consider evidence

 Ef, which has cost cf = 5 and reveals whether x lies in the interval [0, 10] or
 whether it lies in the interval (10, 100]. The payoffs to the juror and society are
 characterized in Table 2.

 Under this information system, the juror chooses to process both Ef and
 £2 when both pieces of evidence are available. In words, Ef is sufficiently
 uninformative that the juror seeks out additional information in the form of E2.
 Note that the outcome is the first best.

 Let us now replace evidence Ef with evidence Ef , which also has cost cf =
 5 but reveals whether x lies in the interval [0, 10], (10,20], or (20, 100]. Notice
 two characteristics of Ef. First, for this decision problem, it is equivalent to
 evidence E' in the original example in Section 2. Therefore, the juror's optimal
 decision is the same as in Section 2: Ef is sufficiently informative that the juror
 does not find it optimal to process £2 , given its cost. As a result, the juror only

 processes Ef and the payoff to society is strictly lower than the payoff under
 the information system Ef and £2- Second, note that Ef is more informative
 than Ef in the sense of Blackwell (1951): it is more valuable in any decision
 problem. Therefore, we conclude that more informative evidence may lead to
 worse outcomes in the absence of exclusion.

 Result 1. Absent exclusion, more informative evidence (in the sense of
 Blackwell) can lead to worse outcomes.

 A counterintuitive corollary (or reinterpretation) of this result is that finding
 jurors who are better able to evaluate evidence is not necessarily desirable from

 Table 2. Payoffs to Juror and Society

 Process Expected payoff Process Expected payoff

 Ex -45 Ex -45
 E2 -45 E2 -10
 EUE2 -40 Ex,E2 0

 Neither

This content downloaded from 199.169.200.147 on Fri, 28 Jun 2019 15:51:59 UTC
All use subject to https://about.jstor.org/terms



 Information Acquisition and Exclusion of Evidence 171

 a social viewpoint. Such jurors may rely on a smaller subset of evidence ( Ef
 in the example above), whereas less able jurors, aware of their limitations, will

 seek out additional information (both Ef and £2) before reaching a decision.

 Corollary 1. A jury that has the ability to interpret evidence more accurately
 (in the sense of Blackwell) may make less accurate decisions.

 Note that these counterintuitive results cannot be eliminated by optimal ex-
 clusion. Returning to the previous example, a judge may want to allow a cer-

 tain piece of evidence (i.e., Ef) and yet, caeteris paribus, the judge may want
 to exclude a more informative version of the same piece of evidence (i.e., Ef ).
 Indeed, in the example, the first best outcome was achieved under informa-
 tion system (Ef and E2) since the juror's optimal choice implied the maximal
 payoff to society, zero. However, once Ef is replaced with more informative
 evidence, the judge optimally excludes Ef and the payoff is reduced to -10.
 This shows that even with optimal exclusion , better evidence may lead to worse
 outcomes.

 Proposition 1. Improving the probative value of a piece of evidence (in the
 sense of Blackwell) may lead that piece of evidence to be optimally
 excluded. Even with exclusion, more informative evidence can lead to worse
 outcomes.

 The corollary below again translates our finding to speak about the jury's
 level of ability. A judge facing a jury who is capable of a more accurate reading

 of the evidence (Ef instead of Ef) may be led to exclude the first piece of
 evidence (Ef).

 Corollary 2. A "better" jury (one that has the ability to interpret evidence
 more accurately in the sense of Blackwell) may lead the judge to optimally
 exclude more evidence.

 This result, although counterintuitive, is also insightful in that it makes clear
 that, within our model, the judge excludes evidence not to protect the jury from

 evidence that it is unfit to process but rather to provide incentives for the jury
 to seek out more informative evidence.

 5. Complementary and Substitutable Evidence
 As illustrated above, the decision to exclude a piece of evidence relies heav-
 ily on how it relates to other pieces of evidence. In this section, we formalize
 the notions of complementary and substitutable pieces of evidence and pur-
 sue exclusionary principles that might be based on these notions. Intuitively,
 two pieces of evidence are complementary if possessing one makes it more
 desirable for the jury to acquire the other. We will show that if all pieces of ev-
 idence in an information system are complementary, then excluding any subset
 of them cannot improve the quality of the decision. We then go on to suggest
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 that in an adversarial system it is unlikely that the entire information system in

 a trial is complementary. Rather, it is more likely that the information sets put
 forth by the two parties - plaintiff and defendant - will contain substitutable
 pieces of evidence, even though the pieces of evidence presented by a single
 party may well be complementary among themselves. We then introduce a no-
 tion of complementarity "within information sets," one which does not extend
 to the whole information system. Elements of an information set that are com-
 plementary with each other we call stories. We then show another negative
 result, namely, that the judge does not necessarily want to admit evidence that
 complements a story.

 5.1 Definitions

 The mathematical notion of complementarity is related to the legal notion of
 "conditional relevance." This legal notion enters the decision of what pieces of
 evidence are to be considered relevant and so may be admitted to trial. When
 the probative value of a piece of evidence is positively dependent on the pres-
 ence of another piece of evidence, the judge needs to weigh the joint probative
 value of the two pieces of evidence.16

 A formal definition of complementary information is based on the notion of
 supermodularity.

 Definition 1 . A function / is said to be supermodular if, for any two infor-
 mation sets Si,S2,

 /(siUs2) + /(sins2) ^/(si) + /(s2).

 We say that a function / is submodular if - / is supermodular.

 Definition 2. An information system is complementary if the associated
 value function V is supermodular. In that case, the separate pieces of evidence
 E',...,En of the information system are said to be complementary to each
 other. If V is submodular, then the pieces of evidence are called substitutes.

 To illustrate the meaning of complementarity in our context, let S' =
 E',... ,En-' and S2 = En in the equation above. Rearranging terms yields

 V(Ei V[EX i) > V(En) - V(0).

 In words, information piece En is more valuable - that is, it leads to a greater
 increase in the value function - when it is paired with the set E' , . . . ,En-' than

 when it is considered in isolation. When the value function is supermodular,
 each piece of information is most valuable when considered in the context of
 other information.

 16. Rule 104(b) provides that "(w)hen the relevancy of evidence depends upon the fulfillment
 of a condition of fact, the court shall admit it upon, or subject to, the introduction of evidence
 sufficient to support a finding of the fulfillment of the condition."
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 For an example of complementary pieces of evidence, suppose the question
 to be adjudicated is whether a US citizen defendant is a member of the Yakuza,
 the Japanese mafia. It is known that many Yakuza members are missing a pinky
 finger, owing to their custom of severing it as a self-imposed penalty for un-
 satisfactory conduct with regard to the criminal organization. Now consider
 the following two pieces of evidence: ethnicity and whether a pinky finger
 is missing. Each piece of evidence on its own has almost no probative value
 of membership in the criminal organization - the great majority of Japanese-
 Americans do not belong to the Yakuza, and the great majority of US citizens
 with missing fingers are presumably unlucky carpenters. Yet, the two pieces
 of evidence together represent somewhat probative evidence. Thus, the two
 pieces of evidence are complements.

 For an example of substitute pieces of evidence, suppose the question to
 be adjudicated is whether the defendant committed a particular crime that oc-
 curred in New York City. There are two pieces of evidence. One is computer
 records from a toll booth indicating that the defendant's car entered New York
 City. The other is a parking violation incurred on the streets of New York City.
 Either piece of information may be quite informative about the whereabouts
 of the defendant on the day in question. However, knowing one decreases the
 jury's value of knowing the other.

 When the function V is derived from a Bayesian decision problem, whether
 or not an information system E' is complementary depends not only on
 the joint distribution conditional on 0 but also on the prior over 0 and on the
 loss function, all of which enter the expression for V. For instance, two pieces
 of evidence may be complements for a certain prior over 0 and substitutes for
 another prior.17

 Definition 3. The cost function C is said to have nondecreasing returns to
 scale if C is submodular.

 The assumption of nondecreasing returns implies that the "marginal" cost
 of evaluating a piece of evidence decreases when other pieces of evidence are
 also considered. This is a property of returns to scale in the evaluation of costly
 evidence. A special case of submodularity is additivity, the case in which for
 every disjoint s' and S2 we have C(s' U S2) - C(s') + C(s2). In the additive
 case, the marginal cost of evaluating evidence is independent of the amount of
 other evidence being evaluated.

 5.2 Exclusion and Complementary Evidence
 We now describe circumstances in which excluding evidence cannot be
 beneficial.

 17. Persico (2005) provides an example of this phenomenon in the context of a jury
 model.
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 Assumption 1. If the jury is indifferent among processing several informa-
 tion sets, the jury will choose the one that is most informative (i.e., the one
 with the highest social welfare).

 This assumption is weak in that it only restricts the choices made when the
 jury is indifferent among several subsets of evidence. We should expect this
 occurrence to be very unlikely, in the sense that it does not occur in a generic
 set of primitives.

 Proposition 2. If the information system is complementary, the cost func-
 tion exhibits nondecreasing returns to scale, and Assumption 1 holds, then
 excluding information cannot improve the quality of the decision.

 Proof. We will prove the result by contradiction. Suppose that all pieces of
 evidence in information system y are complementary, and let s* C 5? denote
 the subset of information that the juror chooses to process when all pieces of
 evidence in 5? are allowed. Let s denote the juror's choice when only pieces of
 evidence in the set SA C <5? are admitted. Due to our assumptions of comple-
 mentarity and returns to scale, the function /(•) = V(-) - C(-) is supermodular.
 Then the following holds:

 /(sus*) -/(s*) ^ /(§)-/( sns*) > 0, (1)

 where the second inequality follows from the fact that s is the jury's choice
 within the set SA, which contains sDs*. It follows from equation (1) that it
 must be /( sUs*) > /( s*). Strict inequality cannot hold, by definition of s*, so
 that it must be

 /(sUs*) = /(s*). (2)

 This shows that the jury must be indifferent between processing sUs* and s*.
 Suppose, toward a contradiction, that s were strictly more informative than s*.
 Then sUs* is also strictly more informative than s*. By Assumption 1, then,
 the jury could not have chosen to process s* when all pieces of evidence y are
 allowed. This establishes the required contradiction. □

 Intuitively, recall that exclusion was welfare-improving in earlier examples
 because excluding one piece of evidence provided the juror with greater in-
 centive to acquire a second piece of evidence. However, when evidence is
 complementary, including a piece of evidence raises the marginal benefit of
 other pieces of evidence, whereas exclusion decreases the juror's incentive to
 acquire these other pieces. Therefore, in this case, including evidence leads to
 more information acquisition and thus better decisions on average.

 The relevance of the result in Proposition 2, of course, depends on the like-
 lihood that the entire information system is complementary. In adversarial sys-
 tems, these circumstances would seem unlikely. Though each side (plaintiff
 and defendant) may present a subset of evidence composed of complementary
 pieces of evidence - what one might call an argument or story - in general the
 pieces of evidence within one party's argument may very well be substitutes
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 in relation to the opposition's argument. We formalize these ideas and show
 that general results regarding the optimal use of exclusion are hard to come
 by in this context. Again, we interpret this dearth of general prescriptions as
 an affirmative argument for delegating the unfettered exercise of exclusionary
 powers to the judge.

 5.3 Complementarity of Evidence in an Adversarial System
 When an information system is complementary, there is no role for exclusion.
 However, in an adversarial system, it may be unlikely that all available pieces
 of evidence are complementary. In such a system, the plaintiff and defendant
 each gather and present separate evidence to tell their own "story." Presum-
 ably, each party hopes that the jury will listen to their story and disregard their

 opponent's; in our language, it is likely that pieces of one story are substitutes
 for pieces of the other.

 Consider, for example, the case of a crime committed in a particular city
 neighborhood. The prosecution might present a parking violation incurred by
 the defendant in that neighborhood, along with other potentially damning ev-
 idence, to develop a story to suggest the defendant's guilt. The defense may
 present evidence that the defendant visited a family member living in that
 neighborhood, in conjunction with other potentially exculpatory evidence, to
 develop a story to suggest the defendant's innocence. These two pieces of ev-
 idence would be substitutes - they both establish the defendant's presence in
 the neighborhood in question - but they are part of opposing stories.

 The question, then, is whether Proposition 2 can be extended to a setup in
 which the entire information system is not necessarily complementary. The
 answer is negative: we show that when the information system is made up of
 two competing stories, it may be optimal to exclude parts of a story. So, the
 fact that pieces of evidence in a story are complements does not guarantee that
 it is necessarily optimal for all pieces to be admitted.

 To make our point formally, we need to define what we mean by "story." In-
 tuitively, a story is a collection of pieces of evidence that are all complementary
 with each other.

 Definition 4. A subset S of an information system 5? is said to be a story if,
 for all ai , a2 C S and b c ^'S,

 V ((ai U a2) U b) + V ((ai n a 2) U b) ^ V(ax U b) + V (a2 U b).

 According to this definition, a story S is composed of pieces of evidence that
 are all complements with each other regardless of what evidence b may exist
 outside of S.

 Proposition 3. It may be optimal to exclude part of a story.

 Proof. We will show that the property holds in an example with a Bayesian
 decision maker. Consider a Bayesian decision problem in which the unknown
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 0 can take one of two values, guilty or innocent, with equal probability. The
 action is binary: convict or acquit. The loss function is equal to - 1 if convicting
 the innocent or acquitting the guilty and 1 otherwise, so that V (0) = 0. Let the
 plaintiff's story be a singleton Sp = {£i}, and let the defendant's story be
 composed of two complementary pieces of evidence, Sd = {£2 >£3}- Suppose
 for simplicity that the cost function is additive, with C(E2) - £(£3) = 0. C(E')
 will be determined below.

 Suppose E' and (E2 ,£3) are substitutes and that neither story is perfectly
 informative, so that

 1>V(£I)^V(£I,£2,£3)-V(£2,£3) EE 8^0. (3)

 Moreover, suppose that processing of the bundle (2s 1, £3) is socially preferred
 to the bundle (£2 ,£3), though neither bundle is perfectly informative, so that

 1 > V(EUE3)-V(E2,E3) = 8> 0. (4)

 Finally, suppose that £3 has very little probative value, whereas E' is very
 informative, so that

 V(£i,£3)-V(£3) = 1-t? (5)

 for some 0 < rj < 1 - max{c, 5}. Then for any max{s, 5} < C(E') < 1 - 77,
 the following inequalities are true:

 V(E2,E3) > V(EUE2,E3) -C(Ex), (6)

 V(E2,E3)>V(EuE3)-C(Ei), (7)

 V(EuE3)-C(Ei)>V(E3). (8)

 These three inequalities imply, respectively, that (a) C(E' ) is sufficiently large
 that the juror would not choose to process all three pieces of evidence,
 (b) C(E') is sufficiently large that the juror prefers (E2,E3) to (2s 1,2%), and
 (c) C(E') is sufficiently small that the juror prefers (2s 1,2%) to just 2s 1. Given
 our assumption that V(E',E3) > V(E2lE3), it follows immediately that
 the judge would optimally exclude E2 , even though it is complementary
 to £3. □

 Taken together, Propositions 2 and 3 may provide some insight into the fact
 that exclusion is prevalent only in adversarial systems. In adversarial systems,
 the evidence is gathered by two opposing parties, and so it is unlikely to fit all
 together into a coherent story. In this case, Proposition 3 suggests that exclu-
 sion can be useful even if each party is presenting its own coherent story. In the
 inquisitorial systems typical of continental law, evidence-gathering is carried
 out by one agent (typically, a judge); then it is more likely that all the available
 evidence fits together tightly into a single coherent story (formally, all pieces
 of evidence are complementary with each other). In this case, Proposition 2
 suggests that exclusion cannot be useful.

This content downloaded from 199.169.200.147 on Fri, 28 Jun 2019 15:51:59 UTC
All use subject to https://about.jstor.org/terms



 Information Acquisition and Exclusion of Evidence 177

 6. Multiple Jurors
 In the benchmark model, we assumed that there is only a single fact-finder.
 This was done mainly for expositional ease. We now establish conditions un-
 der which the analysis carried out in the previous sections applies verbatim
 to juries of any size. To that end, suppose that there are J > 1 jurors that are
 homogeneous with respect to their preferences, their ability to process infor-
 mation, and the manner in which they update beliefs. Let us assume further
 that, once the effort of evaluating the significance of a piece of evidence has
 been incurred, a juror can communicate his conclusions to the other jurors im-
 mediately and at zero cost; that is, he can share the realization ei of any piece
 of evidence £; that he evaluated. Finally, let us assume that the cost function is
 additive.

 Since jurors have common values, they want to share fully the outcome of
 whatever evidence they have evaluated, and therefore all jurors will have the
 same beliefs after information has been shared.18 Moreover, since jurors have

 identical preferences and beliefs, they will naturally agree on the optimal de-
 cision. Operatively, this means that if s represents the evidence collectively
 evaluated by all members of the jury, then all jurors share the same function

 v&-
 It remains to be determined, however, who among the jurors is responsible

 for evaluating the various pieces of evidence. In this respect, jurors face a free-
 riding problem since each juror would rather that someone else evaluate the
 information and report the outcome to all. However, consider the strategy of a
 single juror when considering whether or not to evaluate a piece of evidence
 En, taking as given the subset s of evidence being processed by other jurors.
 The private benefit of evaluating En is given by

 V(sUEn)-V(s)

 and the private cost is given by C(En). In this sense, the "marginal" conditions
 that dictate whether a juror evaluates En in a multi-juror model are identical
 to those conditions in a single-juror model. Consequently, if it is optimal to
 acquire the configuration s* in the single-juror setup, then s* is also a Nash
 equilibrium in the multi-juror case.19

 Note that this observation is silent on how cognitive costs will be distributed

 across the jurors. This distributional question is immaterial because we have
 assumed that the cost function is linear. It is possible, in particular, that all
 the evaluation is performed by just one juror or that it is distributed equitably
 among all jury members. If we had a cost function C with nondecreasing re-
 turns to scale, as assumed in Section 5, then there would be efficiency gains

 18. Why can fellow jurors, but not advocates, costlessly communicate evidence? Our intuition
 is that advocates may not be credible in communicating how jurors should interpret evidence,
 whereas jurors have no incentive to lie to each other due to the common value assumption.

 19. The absence of any possibility of payments (in kind or otherwise) lor ettort expended
 among the jury motivates the noncooperative equilibrium concept.
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 from assigning all cognitive costs to a single juror. Then, again, the configura-
 tion s* that is optimal in the single-juror setup is an equilibrium in the multi-
 juror case. We record these observations in the following proposition.

 Proposition 4. Suppose all jurors share identical functions V and C, the
 function C has nondecreasing returns, and jurors can share effortlessly the re-
 sult of their evaluation of evidence. If it is optimal to acquire a configuration s*

 in the single-juror setup, then s* is also a Nash equilibrium in the multi-juror
 case.

 If the cost function had decreasing returns to scale, then it might be optimal
 to distribute the effort among jury members. In that case, a large jury might
 perform better than a single-person jury because it would be able to allocate
 effort more efficiently. If there was heterogeneity across jurors, then the anal-

 ysis would have to be adapted to deal with the problem of aggregating the
 disparate preferences of the jurors. In such a setting, the voting rules (simple
 majority, unanimity, etc.) will presumably matter. Nevertheless, we expect the
 key results - that exclusion is a way of providing the proper incentives for ju-
 rors to exert mental effort and that delegation to a judge may be preferable to
 mandatory exclusion rules - to carry over to such environments.

 We have established that all the results in the single-juror case apply ver-
 batim to the multiple juror case under a particular set of assumptions, notably
 costless communication among jurors. In Appendix A, we relax the assump-
 tion of costless communication and, with an example, show that exclusion can
 again lead to the socially optimal outcome.

 7. Conclusion

 We have presented a formal model of an important principle of evidence in
 common law legal systems: exclusion by reason of undue prejudice. The key
 novelty of the model is that the fact-finders (jurors) have a cognitive cost of
 processing evidence, an assumption that is well grounded in the psychological
 literature.

 Within this framework, the judge excludes evidence in order to incentivize
 the jury to focus on other, more probative evidence. Exclusion is not, there-
 fore, a countermeasure to irrational updating on the part of the jury; rather, it
 is a way to incentivize jurors that are "cognitive misers." We studied the com-
 parative statics properties of this model, and we have shown that some fairly
 intuitive properties do not always hold. For example, making evidence more
 probative may lead it to be optimally excluded. Similarly, a judge may opti-
 mally choose to exclude more evidence when faced with a more competent
 jury. Finally, we have shown that the decision to exclude evidence is a con-

 textual one: optimal exclusion of one piece of evidence requires taking into
 account its relationship with all other pieces of evidence. We interpret these
 counterintuitive properties and complexities as evidence that general rules man-
 dating exclusion are unlikely to be optimal. In our model, optimal exclusion is
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 achieved straightforward by giving the judge broad exclusionary powers. This
 is, of course, the arrangement that prevails in current procedure.

 We also provided sufficient conditions under which exclusion is not helpful.
 This is the case when, roughly speaking, all the available evidence fits together
 tightly into one coherent story (formally, when all pieces of evidence are com-
 plementary with each other). This configuration of evidence is arguably more
 likely to arise in the inquisitorial systems typical of continental law in which
 evidence-gathering is carried out by one agent (typically, a judge). In adver-
 sarial systems, the evidence is gathered by two opposing parties, and so it is
 unlikely to fit all together into a coherent story. Rather, the evidence gathered
 by each party is likely to fit together into a coherent story, but the two stories

 need not fit together with each other. In this case, we have shown that it may be

 optimal to exclude some part of a story. We interpret this property as consistent
 with the fact that exclusion by reason of prejudice is found almost exclusively
 in adversarial (common law) systems.

 Appendix A
 A.1 Multiple Jurors with Costly Communication

 The purpose of this section is to illustrate, by way of example, that costless
 communication is not a necessary condition for the possibility that exclusion
 of evidence is welfare-improving in the context of a multiple juror model. In
 particular, we will show how exclusion of evidence can be beneficial when
 there is no communication between jurors (i.e., when it is infinitely costly). In
 the absence of communication, jurors will individually choose which pieces
 of evidence to evaluate and then strategically vote. Jurors cannot abstain, and
 the jury's decision is assumed to follow majority voting. As in the earlier
 example, the payoff from an incorrect ruling is -100 and the payoff from
 a correct ruling is 0. These values are shared by all jurors, as well as
 society.

 Suppose there are three jurors j G {A,B,C} and there are four pieces of evi-
 dence Ei, £2, £3, and £4. Jurors are heterogeneous in their ability to evaluate
 the different pieces of evidence. Juror A can potentially evaluate E' but not
 any of the other pieces of evidence; we assume that cf is prohibitively large
 for i G {2,3,4}, where in general cj is the cost to juror j of processing evidence
 i. Similarly, juror B can potentially evaluate £2 but not E', £3, or £4. Finally,
 juror C can potentially evaluate £3 and/or £4 but not E' or £2. The idea is that
 jurors have different advantages in evaluating evidence: a physician can un-
 derstand medical evidence, an accountant can understand financial statements,
 and so on.

 Each piece of evidence is correlated with the unknown state of the world,
 0, which is equally likely to assume the value 0 or 1. Pieces of evidence
 are conditionally independent of one another. Once processed, each piece of
 evidence provides a signal e; G {0, 1} of the true state of the world, which
 is accurate with probability /?;. That is, pi = P(e, = 0). We assume that p' -

 p2 = P2, = p G (^ , l) , so that these pieces of evidence are equally (but not fully)
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 informative, and that cf = cf - C3 = O.20 Finally, we assume that 774 = 1 and
 cj = k > 0, so that £4 is perfectly informative but more expensive for juror C
 to process.

 To illustrate the potential benefits of excluding evidence, let us consider an
 example with p = 0.7 and A: = 35. We will show that, in the absence of ex-
 clusion, there is no equilibrium in which juror C acquires evidence £4. Then,
 we will show how excluding £3 allows for an equilibrium in which juror C
 acquires £4, so that the first best outcome is achieved.

 Claim 1. If both £3 and £4 are available, there does not exist an equilibrium
 in which juror C acquires £4.

 Proof. Consider any two strategies for jurors A and B. Given these strategies,
 let £ denote the ex ante probability that both A and B vote for the incorrect
 value of 0 (i.e., vote for 1 when 0 = 0 or vote for 0 when 0 = 1). Similarly, let
 X denote the ex ante probability that either A or B (but not both) vote for the
 incorrect value of 0; that is, % is the probability that juror C s vote is pivotal.
 Then, for any k , the expected payoff to juror C from acquiring £4 and voting
 sincerely is £ ( - 1 00) - k' an incorrect ruling can only be achieved if both A and

 B vote for the wrong value of 0, which occurs with probability £ . Alternatively,

 for any p, the expected value from acquiring £3 and voting sincerely is [£ +
 ( 1 - p)x' ( - 1 00) ; the jury rules incorrectly if both A and B vote incorrectly or if

 C and either A or B vote incorrectly, which occurs with probability (1 - p)%. In
 any equilibrium in which juror C acquires £4, it must be that 100(1 - p)x ^ k.
 In this example, with p = 0.7 and k = 35, this necessary condition reduces to
 30* ^ 35, which cannot hold for any x £ [0, 1]. As it will be relevant below,
 note that in fact x is maximized by the strategy: A votes for 0 = 1 and B votes
 for 0 = 0 independently of any signals, so that x = 1- □

 In this case, when all evidence is admitted, the second best can be supported
 in equilibrium: each juror acquires the costless piece of evidence (£1, £2, and
 £3, respectively) and votes sincerely. The payoff from this equilibrium is [(1 -
 p)3 + 3(1 - p)2p'(- 100), which is equal to -21.6 when p = 0.7. Since cf =
 c2=c3 = 0» this is trivial to prove. Next, we show that excluding £3 allows us
 to support the first best in equilibrium.21

 Claim 2. If £3 is excluded, an equilibrium exists in which juror C acquires
 £4.

 20. The assumption that = 0 is made primarily for convenience; the main result
 in this section is robust to the perturbation cf = cf = cf = 6 > 0, for sufficiently small e.

 21. We should note that in these kinds of voting games, multiple equilibria typically exist.
 For example, there are always equilibria where, say, all jurors vote to convict; in this equilibria,
 no juror is ever pivotal, so it a best response to convict as well. However, here we focus on the
 socially best (most informative) outcome that can be supported in equilibrium.
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 Proof. Consider a candidate equilibrium in which C acquires £4, A votes for
 0 = 1, and B votes for 0 = 0. Using the notation above, this implies that £ = 0,
 so that the payoff to C from acquiring £4 is simply -k. First, consider a de-
 viation by juror C: should he choose not to acquire £4, his expected payoff
 from any strategy is -50. For k - 35, clearly this is not a profitable devia-
 tion. Moreover, since A and B receive the maximal payoff from this candidate
 equilibrium, 0, there cannot be a profitable deviation for them either. □

 Therefore, the notion that the exclusion of evidence can increase social welfare

 is not at all particular to the single-juror case, nor the multiple juror case with
 costless communication.

 Funding
 National Science Foundation (SES0617507 and SES0422863 to N.P.).
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