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ABSTRACT

In “monopoly epistemics,” one privileged actor is asked to identify the truth. In “democratic epistemics,” several independent parties are asked.  In an experiment contrasting them, democratic epistemics reduced by two-thirds the rate at which biased observers obscured the truth.  These results highlight the potential of “epistemic systems design,” which employs the techniques of economic systems design to address issues of veracity, rather than efficiency, and second, the value of “experimental epistemology,” which employs experimental techniques in the study of science.
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Introduction 

Economists typically employ the normative criterion of efficiency.  They have given less attention to truth.  In many contexts, however, veracity may be more important than efficiency.  Police forensics, pure science, espionage, auditing, clinical medical testing, drug screening, judicial proceedings, and government investigations are all social processes that generate, in one way or another, judgments of truth and falsity.  In such processes it is worth knowing which institutional arrangements, or “epistemic systems” (Koppl, 2005a) --  “social processes viewed from the perspective of their tendency to help or frustrate the production of truth” (p. 91) -- tend to produce truth and which tend to produce falsehood and error. Here the theory of epistemic systems is applied to the problem of reducing error rates using the network structure of forensic science as a model. 

The current institutional structure of forensics typically grants an individual lab a kind of monopoly on the analysis of any evidence sent to it:  Once a given lab has received and analyzed a body of evidence, it is unlikely that the evidence will be examined by any other lab.  Periodically and randomly sending evidence to more than one lab might help break this monopoly (Koppl, 2005b).  The experiment discussed below provides an initial test of the possible consequences of implementing such “democratic epistemics.”


 
Section I. discusses forensic science and its institutional structure.  Section II reviews the theory of epistemic systems, applies the theory to forensic science, and draws out some testable implications of the analysis.  Section III explains the experimental design and results.  Section IV is a concluding discussion.
I. Forensic Science as the Problem Context 

DNA exonerations in the US and other events have induced an extensive literature on the limited reliability of forensic testimony in court (Cole 2005; Giannelli 1997, Illinois 2002; Jonakait 1991; Kaufman 1998; Kelly and Wearne 1998; McDougall 2006; McRoberts et al. 2004; Moenssens 1993; Office of the Inspector General 1997, 2004, 2006; Risinger et al. 2002; Saks 1998; Saks and Koehler 2005; and Saks et al. 2001).  Proficiency tests, for example, suggest false positive rate for fingerprints of at least 2% (Peterson et al., 1995a, 1995b).  One test from the period after the study of Peterson and his co-authors produced a 20% rate of false positives (Grieve 1996).  Whether the rate of false identifications for fingerprints is closer to 2% or 20%, it is undoubtedly higher than zero, the rate sometimes claimed by fingerprint examiners (Stiles et al. 1999, p. 22).

In short, forensic sciences, including DNA typing, are less reliable than generally supposed.  Many scholars, journalists, activists, and others have recognized the need to improve forensic science.  No consensus exists, however, on the best strategy for improvement.  

There are a number of remediable features of the current institutional structure.   One important remedy is “rivalrous redundancy,” which would produce several competing forensic labs in any jurisdiction, eliminating the monopoly position now enjoyed by most forensic labs (Koppl 2005b).  For example, DNA evidence, chosen at random, might be sent to more than one lab for analysis.  The forensic worker need not know whether the evidence is examined by another lab, only that there could be another lab, and sometimes is.  Crucially, rivalrous redundancy would not increase the costs of forensics (Koppl, 2005b, pp. 274-275). 

We now turn to a more rigorous presentation of the problem and the suggested solution. 

II. Epistemic Systems as the Theoretical Framework
An epistemic system is an ordered triple, <S, R, M>.  The set S (of Senders) is indexed by i(I*.  A member of S is represented by si( S.  The set R (of Receivers) is indexed by j(J*.  A member of R is represented by rj( R.  The set M (of messages) is indexed by h(H*.  A member of M is represented by mh( M.  Presumably, one would typically model the number of Senders and Receivers as finite.  It may often be convenient, however, to assume the message space is infinite.  If I* has a largest element, denote that element I.  Define J and H similarly. 

Senders and Receivers have value functions over messages.  These might be utility functions or payoff functions.  For Receivers, 
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.  For example, suppose we have a law suit in which the plaintiff’s attorney has hired an expert witness to estimate the money value of the claimed harm.  Here, the Sender is an expert witness hired by the Receiver, the plaintiff’s lawyer.  Up to some limit of plausibility, the Receiver prefers higher estimates to lower estimates.  This may induce a similar preference in the Sender, who wants the plaintiff’s lawyer to become a repeat customer.  If there are two or more Senders, they are in a position of strategic interdependence with respect to the messages they send.  We will often want to know which message vectors are Nash equilibria.  
A simple example
Let M={A, B}. The Receiver always nominates the sent message flawlessly.  The message is sent over a noiseless channel.  Figure 1 illustrates.
__________________________

Place Figure 1 about here

_________________________

The dashed arrow represents the Sender choosing from the message set.  The solid arrows represent the transmission to the Receiver and the selection of a message by the Receiver.

In the context of Figure 1, assume the Receiver’s value function is
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In this case the Receiver is interested in the content of the message (whether it is A or B) but not in its truth.  Assume further that the Sender estimates the probability that B is true to be 0.75.  His subjective probability that A is true is, therefore, 0.25.  Assume the Sender’s value function is
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denotes expected value.  E[U(x)] denotes the Sender’s expectation of the Receiver’s value function, U(x).  The Sender, in this example, values the truth, but also wishes to please the Receiver.  Assume, finally, the Sender knows U(x).  Then E[U(x) ]=U(x), 
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.  In this case, the Sender sends A and the Receiver’s judgment is A even though the Sender thinks B is three times more likely.  This model is purposefully quite simple.  It might roughly apply, however, to many command and control situations.  If the Receiver is in a position of dominance over the Sender, the Sender may craft his message to please the Receiver rather than reveal the truth.  It is a commonplace that dictators and Hollywood stars receive nothing but praise and celebration even under desperate circumstances.
Application to forensics

The sort of model we have been describing has many applications.  In this paper we are interested in the application to forensic science.


Bias seems to be an important source of error in police forensics.  Under current institutions in the common-law countries, crime labs are typically organized under the police.  This mode of organization creates a pro-police bias (Risinger et al. 2002).  The bias need not be conscious.  The police generally ask for a test when they believe a match will identify their suspect.  Thus, some forensic workers tend to have a bias in favor of finding matches.  For this analysis, therefore, we will assume that forensic labs prefer to send the message 1, “match.”   


Figure 1 represents the current situation in the United States and elsewhere.  The message space is given by M={0,1}, where 0 represents “no match” and 1 represents “match.”  The Sender is a forensics lab and the Receiver is a judge or jury.  Figure 1 reflects the current monopoly situation in forensics whereby evidence going to any one lab will probably not be examined by any other lab.  

 In the simple situation of Figure 1, the lab always sends the message 1 and the crime lab adds no new information to the system.  (If the Receiver were required to accept the Sender’s message, sending the message 1 would be a dominant strategy for the Sender.)  In this case, forensic science does not increase the epistemic reliability of the criminal justice system.


Notice that we are counting all false reports as “errors” whether they are lies or honest mistakes.  There are no bright lines as we pass from willful falsehood, to conscious bias, to unconscious bias, to perfect objectivity.  Thus, all false reports are lumped together for present purposes.


Now assume that three independent forensic scientists examine the evidence as illustrated by Figure 2.  This redundancy will not help if it is mere redundancy, that is, if more than one Sender examines the evidence but there are no incentives for any one Sender to discover the errors of the other(s).  If each Sender sends the same message, the Receiver’s judgment is the common message.  In this model, redundancy does not alter the behavior of the Senders.  Each of the three Senders in this model sends 1.  The epistemic efficiency of the system is low because the system produces the right judgment only when the message “1” happens, coincidentally, to be true.  In this case also, forensic science does not increase the epistemic reliability of the criminal justice system.
__________________________

Place Figure 2 about here

_________________________

Now suppose that each Sender’s payoff depends on the choices of the other Senders and of the Receiver.  The Receiver, we will imagine, always accepts the majority opinion among Senders.  Each Sender receives a positive payoff if and only if his selection is nominated by the Receiver.  The minority Sender loses; he receives nothing or, perhaps, is fined.  This payoff structure creates “rivalrous redundancy.”  
In this game, each Sender wants to be in the majority and there are two Nash equilibria, (0,0,0) and (1,1,1).  It is at least possible, however, that the truth may be more salient (Schelling 1960) than other messages.  In that case, the epistemic efficiency of this system will be relatively high and forensic science will increase the epistemic efficiency of the criminal justice system.  
Increasing the number of Senders from one to three introduces a Nash equilibrium in which honesty is the best policy.  (The game has another Nash equilibrium in which honesty is not the best policy.)  Our question is whether the truthful Nash equilibrium is a Schelling point.  In other words, is the truth more salient than answers serving a pro-police bias?  The experimental design of this study was meant to find out.

III. The Experiment
Objectives

The experiment examines three questions:

1. Everything else equal, will people transmit false information to a decision-maker if they have an incentive to do so?

2. Can a simple institutional mechanism, democratic epistemics, be implemented to reduce or eliminate the distorting effects of the bias in (1)?

3. How do factors such as the size of a bias (1) interact with a mechanism in (2)? 

Answering question 2 means testing democratic epistemics as an institutional mechanism, tying together the research question with the experimental method. Question 3 addresses robustness. 


The experiment gives Senders an incentive to produce biased reports on an observed event.  The Receivers guess what event happened after reading the report(s) of one or more Senders.  In the Baseline, “monopoly,” condition, each Receiver gets one report from one Sender.  In the “Democratic” condition, each Receiver gets three reports from three Senders.  In the Baseline condition, the Sender has an incentive to lie whenever the truth does not conform to the Sender’s bias and Sender’s bias is sufficiently large.  In the Democratic condition, each Sender has a greater incentive to be in the majority than to act on his or her bias.  Thus, the Senders have a coordination problem.  In the Democratic condition, truth telling is one of many Nash equilibria, but special because truth is – by hypothesis – a good Schelling point (see Bacharach and Bernasconi, 1997, for suggestive evidence).  The chance that Senders will choose truth telling depends on several variables such as the size of the bias and number of Senders per Receiver.  These dimensions are explored in different experimental treatments as described below.

Experimental Design

A new task, dubbed “The Science Game” is introduced to mirror the essential structure of forensic science. In this game, Senders represent forensic labs and Receivers represent a judge or jury.  There are N Senders and one Receiver, each describable, in the behavioral game theory tradition, as having a set of information, a set of decisions, and payoffs associated with all possible outcomes.  In each round, Nature (i.e., a randomizing device) chooses a “correct” Object from a set of 3 Objects: circle, triangle, square. This information is known to Senders but not the Receivers. Senders send a message consisting of one of the Objects to Receivers, who then must submit a decision about what they believe the correct Object to be.  (In the context of forensic science, this message corresponds to a lab indicating “match,” “no match,” or “inconclusive.”)  The Receivers’ information consists only of the communications they will receive from Senders, their own payoffs for correct versus incorrect guesses, and limited information about Senders’ payoffs (see below). 


Senders get a payment, PC, if the Receiver indicates the correct Object. Senders, however, also get an additional payment depending on which Object the Receiver chooses independent of the correct Object.  This payment corresponds to the bias on the part of the lab personnel.  This payoff information is private (i.e., unknown to the Receivers).

All experimental sessions were run in the Penn Laboratory for Experimental Evolutionary Psychology (PLEEP) using pen and paper data collection.  The PLEEP lab has 16 subject stations with partitions, which prevent players from seeing one another or each others’ actions or materials.  Anonymity was preserved by assigning participants identification numbers at the start of the experiment. Participants were paid by taking an envelope labeled with their unique numeric identifier filled with their earnings.  Participants were recruited through the web-based “experiments @ Penn” database, which includes members of the general University of Pennsylvania community, including staff and students.  
Experimental Treatment I: High & Low Bias

In the Baseline condition, there was one Sender and one Receiver. Senders received a payment of $3 for leading the Receiver to the correct Object (a “hit”) if the Sender sent the correct Object and the Receiver chose this Object.  Senders received an additional payment, depending on the treatment, of either $1.00 or $5.00 for a “supplemental” Object.  This payment induced a bias in the preferences of Senders.  The Sender received this payment as a function of the Object chosen by the Receiver independent of what the correct Object was. Thus, if the correct Object was square and the supplemental Object was circle, and the Receiver choose circle, the Sender got a payoff of $5.  A Sender with a $5 supplemental payoff thus had an incentive to report the supplemental Object (circle in our example) regardless of what the correct Object was.  This incentive is the Sender’s bias.

The size of the bias was manipulated as a within-subjects treatment. In the “High Bias” condition, the bias was greater than the payoff to the Sender for the Receiver making the correct decision. If the Receiver chose the correct Object, the Receiver received $5, otherwise $2.  

Senders were informed that 1) Receivers must guess the correct Object based only on the information that the Sender sends 2) Receivers earn more money if they guess the correct Object, and 3) that this is the only means by which Receivers earn money. Senders were not given quantitative information about Receiver’s payoffs.  Not informing Senders how much they can benefit the Receiver by sending correct information minimizes problems that might be associated with other-regarding preferences (Rabin 1993; Fehr and Schmidt 1999; Bolton and Ockenfels 2000; Charness and Rabin 2002; Hoffman et al.).  

In each experimental session, 10 rounds of this game were played. The correct Object and supplemental shape for each round was determined randomly (before the experiment), and given to Senders at the beginning of each round. Five High and Five Low bias rounds were played, with their order being randomly pre-set. No feedback was given to players regarding the Receiver’s guess about the Object in each individual round.


Participants were told that one round of play would be selected randomly, and that the outcome for that round would determine their monetary payoff for the experiment. 

Experimental Treatment II: Number of Senders
A second experimental treatment was run with 3 Senders. Everything was identical, including the High and Low Bias treatments, except that there were three Senders per Receiver. Each Sender was told that the Receiver would have access to the information (shape) sent by each of the three Senders, and then would guess the correct shape based on this information.  In each round all three Senders had the same supplemental shape, but they did not necessarily have the same bias level (High or Low).  Crucially, Senders were not informed of the biases of the other Senders.
Hypotheses
The hypotheses for this experiment were that 

1) the biases of the Baseline condition will induce inaccurate reporting on observed events,

2) larger biases will produce larger number of inaccurate reports, and

3) democratic epistemics will reduce or eliminate these inaccuracies.

The first two hypotheses are principally a matter of confirming the legitimacy of the experimental method.  If either hypothesis were falsified the experimental design or execution would be brought into question.   


If the third hypothesis is sustained, then it is likely that decision makers can understand and respond to the incentives of democratic epistemics in lab-based social processes.  In this case we will have evidence that the epistemic performance of the system depends on its institutional structure as well as the skill or integrity of the individuals in the system.  Such a result would strengthen the view that institutional change might be an effective method of reducing error rates in forensic science and other areas.
Results 

4 Sessions in the 1-Sender condition (N = 30) and 3 Sessions in the 3-Sender condition (N=24) were run.  Collapsing the 1 and 3-Sender conditions, participants sent the correct information 96% of the time with low bias, and 50% of the time with high bias  (
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 d.f.=1  p < 0.0005).  In high-bias cases when the bias disagreed with the truth, the rate of errors in messages was lower in the 3-Sender condition, 67%, than in the 1-Sender condition, 86% (
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 d.f.=1 p = 0.003).  When Sender bias disagreed with the truth, the systemic error rate was 47% in the 1-Sender condition and only 21% in the 3-Sender condition (
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 d.f.=1 p < 0.0005).  Further restricting attention to cases in which at least one Sender was in the high-bias condition reveals a systemic error rate of 75% in the 1-Sender condition and only 25% in the 3-Sender condition (
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The logic of the results on systemic error rates can be seen by considering the case in which each Receiver always accepts the majority opinion and in each group of three Senders, one sends a false message and the other two send truthful messages.  The error rate in messages will be 33%, but the systemic error rate will be zero.  Through strategic redundancy, democratic epistemics reduces systemic error rates by more than the reductions in error rates in messages.


These results show that 1) experimental participants can be induced to send true information when the induced bias is small; 2) participants can be induced to send biased information when the induced bias is large; 3) democratic epistemics reduces the error rate in messages; and 4) democratic epistemics can produce an even larger reduction in systemic error rates.  We believe it worth emphasizing that error rates in messages understate the benefits of democratic epistemics, which derive mostly from the still larger reductions produced in systemic error rates.
IV. Discussion
While the current study supports the claim that democratic epistemics should replace monopoly epistemics, more experimental work is needed.  Future work should, for example, vary the number of Senders per Receiver and in the relative size of the Senders’ bias.  There are, moreover, many similar lines of experimentation in the same general area, wherein the normative criterion applied is not efficiency, but veracity.  Forensics is one of many areas of application.   All such experiments would form part of the field of epistemic systems design.


This study has adapted the techniques of economic systems design to aid in discovering institutional changes that will improve not the efficiency, but the veracity of forensic science and other social processes, including other lab-based social processes.  The change in normative criterion from efficiency to veracity creates epistemic systems design.  Economic systems design uses “the lab as a test bed to examine the performance of proposed new institutions, and modifies their rules and implementation features in the light of the test results” (Smith 2003).  It has produced a major change in how researchers design economic institutions.  Epistemic systems design may have a similar potential to change how researchers design institutions.

Epistemic systems design is possible because we construct the truth in an experimental economics laboratory.  We are in the godlike position of saying unambiguously what the truth is and how close to it our experimental subjects come.  (On our “godlike” position, compare Schuetz 1943, pp. 144-145.)  We construct the truth, the preferences, and the institutional environment of choice.  We construct, in other words, the world in which in which we place our subjects.  From this godlike perspective we are in a position to compare the epistemic properties of different institutional arrangements.  When we return from our constructed world to the real world, we lose our privileged access to the truth and return to the groping ignorance under which all humanity toils.  But we carry with us a knowledge of which institutional structures promote the discovery and elimination of error and which institutional structures promote error and ignorance.  This knowledge can be carried from the constructed world of the laboratory to the natural world of social life because of the common element in both worlds, namely, the human mind.  The one vital element of the experimental world that is not constructed is the human mind, which makes choices within the institutional context of the laboratory experiment.  It is this same element that makes choices in the institutional structures of the natural world of social life.  Thus, the sort of laboratory experiment described in this study cannot tell us which particular expert judgments are correct and which incorrect, but they can tell us that the monopoly structure of forensics today produces a needlessly high error rate.


When applied to pure science, the techniques of epistemic systems design give us an experimental approach to science studies, which might be called experimental epistemology.  Epistemic systems design as here conceived falls squarely within the broadly Mertonian tradition of science studies (Merton 1937, Kitcher 1993, Goldman 1978, 1999, 2001).  In the past, disputes in this field could be addressed only through historical research and field studies.  It now seems possible to address a significant fraction of them with the tools of epistemic systems design.  In particular, the network structure relating one lab to another can be manipulated in the epistemics laboratory.  Thus, it seems possible to address the role of the network structure of pure science in producing reliable knowledge.  Indeed, one may describe the proposed move from monopoly to democratic epistemics in forensic science as a move to a network structure for forensic science that more nearly resembles the network structure of pure science.

Epistemic systems design might help us to understand which social institutions produce truth and which do not.  The related strategy for the discovery of truth and the elimination of error is indirect.  Rather than attempting to instruct people in how to form true opinions, we might reform our social institutions in ways that tend to induce people to find and speak the truth.  Comparing the epistemic properties of alternative social institutions is “comparative institutional epistemics.”  At the margin it may be more effective to give people an interest in discovering the truth than to invoke the value of honesty or teach people the fallacies they should avoid.  When we rely on experts such as forensic scientists to tell us the truth, it seems especially likely that institutional reforms will have a higher marginal value than exhortations to be good or rational.  If virtue and rationality are scarce goods, we should design our epistemic institutions to economize on them.
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