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Oh, no, my dear -- I'm -- I'm a very good man. I'm just a very bad Wizard.
The Wizard of Oz
Introduction 

Replacing romance with realism in our picture of the law helps us to recognize problems in the legal system and design ameliorative measures.  This point applies to an area of the law profoundly neglected by economists, namely, forensic science.  Romanticized images of forensic science diminish our capacity to notice problems and respond to them with proposals for improvement.  In the romanticized vision of television shows such as CSI: Crime Scene Investigation forensic scientists are infallible wizards.  Realism, however, requires us to see forensic experts as ordinary people who respond to the same incentives as people in other areas of human action, and in the same ways.  Peart and Levy (2005) call such realism “analytical egalitarianism.”  Occasional bad apples notwithstanding, forensic scientists are good men and women who apply themselves diligently, often in spite of low pay and poor working conditions.  They are good people, not good wizards.  Because our legal system expects them to be infallible wizards, however, error rates greatly exceed readily attainable levels.  
A properly designed system of redundant testing in forensic science would reduce both error rates and the direct money costs of administering the criminal justice system.  It is not surprising that redundancy reduces error rates.  If one forensic scientist has a 10% chance of erring, then the chance of two independent forensic scientists both erring is only 1%.  As in the information theory, when communicating over a noisy channel, redundancy is necessary for error correction.  While, it is not surprising that redundancy reduces error rates in forensics, it is quite surprising that redundancy reduces the costs of administering the criminal justice system.  In the proposal detailed below, redundancy is cost saving because wrongful convictions are cost inducing.  The costs of redundant examinations are swamped by the savings they produce in the costs of incarcerating the wrongly convicted.  In this sense, forensic tests are cheaper than prisons.  
Below, I show that even if the relevant error rate in forensics is merely 0.8%, triplicate fingerprint examinations would reduce both error rates and the costs of administering the criminal justice system.  Triplicate fingerprint examinations in felony cases in the US would cost about $9 million annually.   By eliminating over 98% of the false felony convictions resulting from errors in fingerprint examinations, however, the redundant examinations would save more than $61 million per year in costs of incarceration.  The net savings to the criminal justice system alone exceeds $52 million annually.  Larger initial error rates would imply both more errors corrected and more cost savings for the criminal justice system.
My proposal for redundant testing is similar to the “blind technical review” Budowle et al. (2006) suggest might be made a part of “routine casework.”  They say, “A blind verification process will have a significant impact on resources; therefore, a study should be carried out to determine the best and most cost-effective approach to accomplish the objective.”  This paper constitutes such a study and it shows that the “significant impact on resources” within forensic science would be more than offset by cost reductions in another part of the criminal justice system, namely the prison system.
The problem of error is real.  In proficiency tests conducted from 1978-1991, for example, “[f]ibers, paints (automotive and household), glass and body fluid mixtures” all had “improper comparison rates exceeding 10%” as did “animal and human hair” analysis (Peterson & Markham 1995b, p. 1028).  Although the best group includes fingerprints, the rate of false positives there was 2% (p. 1028).  Peterson & Hickman (2005) report that in “the Nation’s publicly funded forensic crime laboratories,” 238,135 requests for latent print analysis were completed in 2002 (p. 6).  Thus, a 2% rate of false positives would have implied as many as 4,762 false convictions or guilty pleas.  No magic prevents errors in DNA testing either.  Josiah Sutton, for example, was falsely convicted and imprisoned for over 4 years because of a bogus DNA test performed in the Houston Crime Lab.  DNA testing in the Houston Crime Lab was halted in 2002 when it was revealed that their DNA tests were unreliable.  
I have proposed a system of “competitive self regulation” to improve forensic science (Koppl 2005).  The key to this suite of reforms is redundant testing.  I have often been told that my program would be too costly.  One of the purposes of the calculation made in this paper is to show that this objection is mistaken.  I show that the proposed system of redundant testing would reduce the costs of criminal justice under a wide variety of assumptions about the error rate in fingerprint examinations and the costs of each redundant examination.  In this sense, the calculation is robust.  My calculation does not consider the social costs and benefits of my proposed system of redundant fingerprint examinations; it addresses only the direct money cost to the state from administering the criminal justice system.  In this sense, it is an extremely conservative calculation.  Ignoring the cost of compensating wrongly convicted persons who are later exonerated increases the conservatism of the calculation.  In part, then, it is an “even if” argument: Even if you make optimistic assumptions about the likelihood of forensic error and even if you care only about the taxpayer costs of administering the criminal justice system, you should support redundant forensic examinations.  The proposal, however, can be implemented relatively easily and relatively soon.  I put it forward not only as an illustration of the benefits of redundancy, but as a proposal in its own right that can be implemented almost as soon as officials in a given jurisdiction choose to do so.  I will explain my proposal and cost calculations in relative detail after reviewing some evidence on forensic errors.
How Bad is the Problem?
I have reviewed the evidence on error rates in forensics on another occasion (Koppl 2005, pp. 276-281).  “It is clear,” I conclude, “that forensic analysis is not sufficiently reliable” (2005, p. 276). Some facts illustrate this claim. 
The case of the Houston Crime Lab may be the most spectacular recent example of forensic error.  From December 2002 to July 2006, DNA testing in the DNA/Serology section of the lab was halted and Houston police began using a private lab for DNA tests (Bromwich 2005, p. 2; Khanna 2006, Glenn 2006).  Testing was halted in the wake of a scandal revealing that DNA work in the lab was not reliable.  Josiah Sutton, for example, was convicted of rape largely on DNA evidence that was later shown to be bogus.  He was convicted and imprisoned at the age of 16 and released over four years later (Koppl 2005, p. 276-277). 

The release and subsequent exoneration of Josiah Sutton came in the context of a general review of the DNA/Serology section of the Houston Crime Lab, where the tests were performed (FBI Director, 2002).  The report found serious inadequacies in area after area (Koppl 2005, pp. 276-277).  In the most infamous line in the report, we are told, “The audit team was informed that on one occasion the roof leaked such that items of evidence came in contact with the water” (FBI Director, 2002, p. 21).  The report noted many other problems, including the risk of cross-contamination from the use of a common evidence screening area for trace, serology, and arson; failure to follow procedures for the calibration of equipment or maintain logs of repair and calibration of equipment; lack of procedure for preparing and preserving case notes; sloppy reports; and improperly and ambiguously labeled reagents (pp. 21, 30, 34, 35).
  

Poor DNA work can lead to false exonerations as well.  A man in Pacific, Washington with a prior sex-crime conviction was arrested in 2001 and charged with the rape of his 10-year old niece.  DNA tests excluded the suspect, however, and included an unknown man.  About two weeks after the original suspect accepted a deal from the prosecutors and pled guilty to the lesser charge of child molestation, the Washington State Patrol’s Tacoma crime lab discovered that the original exculpatory result was bogus because of cross-contamination (Teichroeb 2004).  Presumably, a proper test would have included the suspect, although this conjecture cannot be tested.

Proficiency tests provide further evidence the error rates in forensics may be needlessly high.  Peterson and Markham (1995a, 1995b) published a two-part study of proficiency tests conducted by the Forensic Sciences Foundation (FSF) and Collaborative Testing Services (CTS) from 1978-1991.  “Fibers, paints (automotive and household), glass and body fluid mixtures all have improper comparison rates exceeding 10%” as did “animal and human hair” analysis (1995b, p. 1028).  In over 10% of the responses on the tests for identification of these areas a positive conclusion was drawn that was, in fact, false and mistaken.  The best group includes “finger and palm prints, metals, firearms, and footwear” as well as “bloodstains and drugs” (p. 1028).  The rate of false identifications for fingerprints was at least 2%.  Cole (2005, p. 1074, note a) explains why the Peterson and Markham data may imply an error rate in excess of 2%.  
Results from beyond the period studied by Peterson and Markham were alarming.  In the 1995 fingerprint test, “one of five participants would have provided damning evidence against the wrong person” if the test had been “actual casework” (Grieve 1996, p. 526).  “Since the notorious 1995 [fingerprint] test,” Cole notes, “there has been a decline in false positives. Because there is no metric for measuring test difficulty, however, it cannot be determined whether the decline is due to changing makeup of the test-taking population, greater seriousness with which the tests are treated, better performance, or easier tests” (2005, p. 1030).

The two most prominent cases of false fingerprint matches are probably the case of Shirley McKie and David Asbury and the case of Brandon Mayfield. 

Scottish detective constable Shirley McKie was charged with perjury in March of 1998 on the basis of a fingerprint identification that has since been shown to be false and mistaken.  Marion Ross was murdered in her home in Kilmarnock, Scotland in 1997.  Detective constable Shirley McKie, among others, was assigned to the case.  Her prints were taken “for elimination purposes” (McBeth 2004).  Top experts at the Scottish Fingerprint Service (SFS), a branch of the Scottish Criminal Records Office (SCRO), declared match of a latent print left at the scene to McKie, whose was then presumed to have entered the crime scene ex post.  McKie denied having entered the house and insisted that the latent print could not be hers.  She testified to this effect at the trial of David Asbury, who was convicted of the Ross murder.  Recalcitrant in her position, McKie was arrested for perjury and tried.  She was found innocent when the Scottish fingerprint evidence was challenged by outside experts testifying at her trial.  Later she received an apology from the Scottish Justice Minister and, eventually, £750,000 from the Scottish Executive in an out of court settlement.  As of February 2006, the “management at SCRO ‘acknowledges and accepts’ that a mistake was made, but the six experts who made the identification do not” (McDougall 2006).  


After serving 5 years in prison, David Asbury was released and his conviction voided because the SCRO fingerprint evidence used against him was found to be unreliable (Innocent 2002).  Either a killer has been released or an innocent man was jailed for five years for a crime he did not commit.  Tertium non datur.

SCRO made a presentation of the McKie evidence to a group including Arie Zeelenberg, the head of the National Fingerprint Service of the Netherlands, and Torger Rudrud, the assistant chief of police in Norway.  The presentation claimed 45 points of similarity between the latent and known prints.  SCRO procedures require only 16 points for a match.  In a report on this presentation and evidence, Rudrud and Zeelenberg “criticise the SCRO experts’ quality of analysis and accuse them of ‘ignoring’ points which show the prints could not have been made by the same person, and wrongly ‘promoting’ points to make it appear that they matched.”  They say, “Without valid reason in this presentation we see that ‘noise’ is upgraded to similarities if convenient.”  They were fitting the noise.  “Point seven and point eight are marked by SCRO as similar characteristics. It is clear at first sight that they are located outside the contour of the latent and beyond the outskirts of it ... it is most likely the pattern of the wood we are looking at. In fact, the same applies to point 11” (McDougall 2006).  It is a serious error to mistake wood grain for a friction-ridge impression. 

In 2004, the FBI arrested Brandon Mayfield as a material witness in the Madrid train bombing of March 2004.  He had been identified as the source of a latent print lifted from a bag of detonators found near the crime scene.  After assigning three of its top fingerprint examiners to the case, the FBI declared a “100 percent match” to Mayfield.  The Spanish National Police objected to this match, however, and declared a match to Ouhnane Daoud.  The Spanish authorities seem to have been correct and the FBI withdrew its identification and released Mayfield (Office of the Inspector General 2006).  

Mayfield’s print came under scrutiny because it was one of 20 “candidate prints” produced by an automated search of the “FBI’s Criminal Master File” by the “FBI’s Integrated Automated Fingerprint Identification System (IAFIS)” (OIG 2006, p.1).  Many facts about Mayfield might have suggested his guilt to an investigator.  Mayfield was a convert to Islam, his wife was Egyptian, he worshipped at a mosque where radical Islamists also worshipped, and, as an attorney, he had defended a radical Islamist in a legal action.  An OIG report on the case expressly denies that such facts played a role in the misidentification of Mayfield.  “We determined that the FBI examiners were not aware of Mayfield’s religion at the time they concluded Mayfield was the source of LFP 17 [the latent print in the case].  The records available to the examiners did not reveal his religion, his marriage to an Egyptian immigrant, or his representation of other Muslims as an attorney.  The OIG found no evidence that the FBI Laboratory had knowledge of Mayfield’s religion until the FBI Portland Division learned this fact in the early stages of the field investigation, after the identification had been made and verified by the FBI Laboratory” (OIG 2006, p. 11).  “Moreover,” the report states, “we did not find evidence suggesting that the investigation was prolonged because Mayfield is a Muslim” (p. 18).  

In March 2007, Tara Williamson, a fingerprint examiner for the Seminole County Sheriff’s Office in Florida, wrote a memo accusing her co-worker Donna Birks of misbehavior and incompetence (Williamson 2007).  Her accusations seem to be correct.  As of 4 June 2007, investigators from the Florida Department of Law Enforcement (FDLE) have discovered eight misidentifications (Seminole County 2007 pp. 9-11 & 34-36 ).  In at least six cases Birks made a positive identification from prints that should have been considered inconclusive.  In at least one case she identified someone who should have been excluded.
  Such judgments, of course, assume that the FDLE fingerprint examiners have made correct analyses.  Williamsons’ memo says that Birks “reported numerous identifications without verification,” that she “had a trainee with three-weeks of experience verify latent print identifications,” and that on one occasion she sought out a third, retired, examiner to verify an identification after two “examiners in the office were not able to verify the print,” i.e., disagreed with her analysis.  Williamson notes that these actions violated “basic ethical guidelines” governing fingerprint examination (Williamson 2007, p. 3).  Birks had been promoted to latent print examiner in 1998.  It is estimated that she “completed approximately 5,000 examinations and 1,500 identifications since 1996” (Seminole County 2007, p. 9).  As of 4 June 2007, the Florida Department of Law Enforcement is re-examining 317 of those cases (Seminole County 2007, p. 9).  (For newspaper coverage, see Stutzman 2007a & 2007b.)  


The fact that Birks was able to shop her “verifications” on at least one occasion helps to suggest that the “ACE+V methodology” of fingerprint is flawed.  According to this “methodology,” a fingerprint examiner who finds a match between a latent and a known print should seek “verification” of the match.  “Verification is the independent examination by another qualified examiner resulting in the same conclusion” (SWGFAST 2002a, p. 4).  Unfortunately, “independent” does not mean “blind.”  “Blind verification is the confirmation of an examiner’s conclusion by another competent examiner who has no expectation or knowledge of the prior conclusion” (SWGFAST 2002b, p. 5).  Blind verifications are “encouraged,” but not required (SWGFAST 2002b, p.5).  Thus, it is expected that an “independent” verification may be made even though the second examiner knows the prior conclusion of the first examiner.  When a fingerprint examiner has the opportunity to reject failed verifications and search for successful verifications, we have something similar to the situation analyzed by Feigenbaum and Levy (1996), who show that narrowly reproducible results may be almost as good as direct fraud for a biased and unscrupulous researcher who has a choice of techniques and the ability to report results selectively.  
Reform Proposals
Many scholars, journalists, activists, and others have recognized the need to improve forensic science.  The three leading proposals for reform are probably independence, masking, and oversight.   


Paul Giannelli is a leading figure who has called for independence.  In an important article on forensics, he says crime labs “should be transferred from police control to the control of medical examiner [ME] offices” (1997, p. 470).  Admirably, Giannelli notes that although his proposal “is a substantial step in the right direction,” it “is not a panacea” (p. 478).
Risinger et al. (2002) call for “masking,” whereby “domain-irrelevant information” would be hidden from forensic scientists.  Risinger et al. appeal to a large empirical literature in psychology.  The point may be best illustrated, however, by an important study of Dror and Charlton (2006), who had experienced fingerprint examiners analyze evidence from cases they had decided in the past.  The subjects did not know they were looking at their own earlier cases.  In half the cases they replaced the original case information with information suggesting a conclusion opposite to the original judgment.  In half no such contextual information was supplied.  The examiners of their study reversed themselves in 6 of 48 cases.  Two of the six reversals were from the 24 cases in which no biasing information had been given.  
Peter Neufeld and Barry Scheck founded the Innocence Project, which has participated in over 200 DNA exonerations of persons wrongly convicted.  They are important figures in any discussion of how to improve forensic science.  Neufeld has argued, “Government oversight and the creation of independent academic centers to validate technologies and techniques, encourage best practices, and enforce appropriately cautious standards for the interpretation of data could dramatically enhance the reliability of forensic science and engender greater public confidence in the outcome” (2005, p. S113).  Neufeld’s plea for more scientific research is proper, I believe, but beyond scope of this article.  His call for oversight is representative of the “repeated calls” for “oversight” noted in a Science editorial (Kennedy 2003, p. 1625).  

Students of public choice will recognize an important problem with “oversight.”  Quis custodiet ipsos custodes?  Who will guard the guardians themselves?  I have attempted to address this question by proposing “competitive self regulation,” a suite of reforms that would institute checks and balances in forensic science. Table 1 summarizes competitive self regulation. Some evidence (Pyrek 2007, pp. 480-487) suggests my proposals may be gaining ground.  As I noted earlier, structural redundancy is the key to my proposal.  I favor greater attention the role of social and institutional structures in influencing the reliability of forensic examinations.  
Redundancy is Cost Reducing
Some general considerations suggest that a well-designed system of structural redundancy would lower the costs of forensic testing (Koppl 2005, pp. 274-275).  
In the system I have proposed, redundant testing would occur in only a fraction of cases.  In the current system, each lab’s scale of operation is determined by the size of the jurisdiction it serves.  Competitive self regulation would exploit economies of scale and scope.  Finally, the direct and indirect costs of injustice are likely to exceed any costs of redundant testing under competitive self regulation.  

Two points in this connection deserve emphasis.  First, competitive self regulation would require little or no increase in the number and size of crime labs in the system.  In the current system we have, essentially, one lab per jurisdiction.
  Under competitive self regulation a given jurisdiction might be served by, say, six separate crime labs.  Each of these labs, however, might serve six separate jurisdictions.  Thus, given that redundant tests would occur in only a fraction of cases, we can introduce the external epistemic control of redundant testing with little or no increase in the physical plant and personnel required to perform forensic tests.  

Second, privatization of competing crime labs would give suppliers an incentive to discover the cost-minimizing scale and scope of operation.  Should traditional serology be provided by the same lab that performs DNA tests, or should these functions be separated?  Should a DNA lab perform one test per day or 200?  Such questions can be answered correctly only through the discovery process of the market.
  Today, the scale of operations is determined by the coincidental matter of the population size and crime rate of a given jurisdiction.  The boundaries of political jurisdictions were determined by many considerations having nothing to do with the optimal scale of operation for a modern crime lab.  Similarly, the scope of operation of a crime lab is decided by bureaucratic and political decisions unconnected to the economics of forensic science services.
Far from adding to the costs of forensic science services, competitive self regulation in forensics would reduce the cost of forensic science services.
Further research is required to find a good set of detailed design features for competitive self regulation.  I am currently developing an experimental research agenda aimed at hammering out such particulars (Koppl 2006).
  In the meantime, however, it is possible to formulate a reasonable estimate of the costs and benefits of redundant fingerprint examinations.  I will estimate the costs of triplicate examination of fingerprint evidence in felony cases in the US.  
What I propose
I propose a regime in which we will have triplicate examination of fingerprint evidence in all felony cases going to trial in the US.  My proposal requires redundant testing only in felony cases that actually go to trial.  Two features of my proposal distinguish it sharply from the current ACE+V methodology of fingerprint examination, namely, masking and the separation of preparing and comparing.  I discuss them now.  

The benefits of redundant examinations depend on redundant tests being truly independent.  Under the current “ACE+V methodology” of fingerprint examination, verifications are not independent.  As we have seen, it is expected that an “independent” verification may be performed even though the verifying examiner works with the initial examiner and knows what conclusion was previously reached.  Indeed, the fact that “verification” is required only for identifications ensures that the verifying examiner knows what analysis his or her colleague prefers.  Haber and Haber say, “if the first examiner has made an identification which is erroneous, the second examiner is likely to ratify the error, rather than discover it” (2004 p. 349).   Thus, the regime I imagine requires a mechanism to ensure independent evaluations.


The mechanism I propose would separate the preparation of a print from its analysis in all cases, whether going to trial or not.  To avoid an unconscious bias toward identification, rather than exclusion, it would be necessary that all comparisons, not just those for cases going to trial, be made by persons who did not prepare the materials for comparison.  Information hiding, what Risinger et al. (2002) call “masking,” would also be necessary.  Case information would be “masked” or “hidden” from the examiners doing comparisons to avoid the creation of both conscious and unconscious bias.  Examiners would not know whether they were making comparisons in anticipation of a felony trial and they would not know how many (zero, one, or two) other examinations of the same evidence were being made.

What does “the error rate” mean?
Throughout this study I will speak of “the error rate.”  In reality, of course there are different sorts of errors.  The examiner may declare an “individualization,” an “exclusion,” or that no judgment can be made.  There are thus six types of errors to be made.  One might declare an individualization when the truth is exclusion, an individualization when the truth is that no judgment can be made, an exclusion when the truth is individualization, and so on.  For this paper, however, we need only worry about “false positives” and “false negatives.”  A false positive occurs when an examiner declares an individualization when the truth is either exclusion or that no judgment can be made.  A false negative occurs when an examiner declares either exclusion or that no judgment can be made when the truth is individualization.  
Some preliminary assumptions
My estimate will use data for 2002.  I am not aware of and do not have access to a complete data set for later years.  In particular, I rely in part on the “Census of Publicly Funded Forensic Crime Laboratories, 2002” (Peterson & Hickman 2005), which is a vital source for costing forensic science services under their current organization and seems to be the most recent such census.

I will make the plausible assumption that the majority opinion prevails in each case.  In other words, I will assume that the trier of fact (be it judge or jury) will believe that the latent and known print come from the same source if two or three experts say so; otherwise the trier of fact will believe they come from distinct sources.  This assumption seems sure to be approximately correct, and some such assumption is necessary to make numerical calculations.

Triplicate testing would reduce the costs of cases going to trial because it would sometimes quickly exonerate persons whose trials would otherwise be longer.  Indeed, if prosecutors were obliged to conduct two redundant fingerprint examinations (for a total of three tests overall) in each case coming to trial, then conducting the redundant tests would be an early step on the way to trial and it is likely that when such redundant tests exonerated the suspect, no trial would be held and nearly all the costs of trial would be saved.  In order to construct a conservative cost estimate, however, I will ignore the cost savings that would come through such a channel.

Earlier I noted that my proposal requires masking and the separation of preparing and comparing.  This mechanism would involve costs and benefits.  The costs would seem to exist in two areas.  First, there might be some increase in the time spent on clerical matters, for example, to track a longer chain of custody.  Second, in some fraction of cases there may be shipping costs required to deliver prepared materials to geographically distant fingerprint examiners.  On the other hand, the increased division of labor implied by masking would improve efficiency in two ways.  First, by allowing specialization between those preparing and those comparing prints, masking would encourage increased skill levels in each area, thereby reducing the time required for each separate task (Smith 1981, vol. 1, pp. 17-18).  Second, this same specialization would eliminate the time spent switching from preparing to comparing and back again (Smith 1981, vol 1, pp. 18-19).  Smith says, “the advantage which is gained by saving the time commonly lost in passing from one sort of work to another, is much greater than we should at first view be apt to imagine it.”  He says, “A man commonly saunters a little in turning his hand from one sort of employment to another. When he first begins the new work he is seldom very keen and hearty; his mind, as they say, does not go to it, and for some time he rather trifles than applies to good purpose” (1981, vol. 1, pp. 18-19).  Modern experiments support the view that task switching has a time cost (Rubinstein, Meyer, and Evans, 2001, especially pp. 766-769).
On net, this mechanism would probably be costless or nearly so.  The work of preparing fingerprint evidence for comparison must be done.  The work of comparison must be done.  No cost attaches to separating them as long as there are multiple examiners.  As I have indicated, there are only some minor clerical costs and occasional shipping costs.  These mild costs would probably be at least fully offset by the efficiencies of an improved division of labor.  For the current paper, I will set the net costs of this change at zero, which seems a conservative value.
What is the correct error rate?
The error rate in forensics is a fundamental assumption of the analysis.  Cole (2005) and Haber & Haber (2004) have thoroughly reviewed the topic.  As both Cole (2005, p. 1033) and Haber & Haber (2004, p. 358) note, we are not now in a position to reliably calculate an error rate for fingerprint analysis.  Haber and Haber call for research on error rates in fingerprint examination, noting, “that no estimate of the magnitude of the error rate can be determined” (2004, p. 358).  Similarly, Cole says, “The existing data are inadequate to calculate a meaningful error rate for forensic fingerprint identification” (2005, p. 1033).  
Cole (2005) reviewed the CTS tests studies by Peterson and Markham (1995a, 1995b), but for the period up to and including 2003.  For this period, Cole reports, the overall rate of “false positive” identifications is 0.8% (2005, p. 1073).  Cole selects this value as “only a lower bound” for the error rate in the field (2005, p. 1034).  Each year’s test is presented as evidence from one case, with prints coming both from suspects and from others who are not suspects.  Cole’s 0.8% rate is calculated as the number of false positives per comparison.  It is not clear why this is a better measure than the number of examiners who make a false positive, which would measure the number of false positives per case.  Cole reports that rate, the “examiner false positive rate,” to be 5.5%.
Haber & Haber give strong reasons to infer a higher rate from the CTS proficiency exams.  The tests were not blind, thus they were “taken with full knowledge that the fingerprint examiners and the lab as a whole are being tested.”  Haber and Haber note that when tests are not blind, “test score results are inflated” because “[t]est takers are more attentive, follow instructions better, and check and review their work more carefully” (2004, p. 346).  They argue that if a   “consensus error rate” of 2% emerges from the collaboration of two examiners, then the “individual error rate” would have to be 14%, calculated as the square root of 0.02.  And if three persons collaborated on each test, then a consensus error rate of 2% would imply individual error rates of 27%.  (Cole 2005, p. 1031 mislabels these inferred individual error rates as “The Habers’ ‘consensus error rate.’”)  
It is not clear how to evaluate claims of Haber and Haber on “consensus error rates.”  Elsewhere in the same article, as we saw earlier, Haber & Haber point out that the “verifications” of daily practice are flawed because errors in verification will be correlated with initial errors in identification.  There is some tension, though no strict contradiction, between assuming independent errors in proficiency tests, but correlated errors in daily practice.  Haber and Haber are probably right, however, to claim that the CTS error rates underestimate true error rates.
Neither Haber & Haber nor Cole had access at the times of their writing to the important study of Dror and Charlton (2006) discussed earlier.  Dror and Charlton report that in 2 out of 24 cases in which they provided no particular contextual information, experienced fingerprint examiners nevertheless reversed their earlier decisions.  One examiner changed from individualization to exclusion, another changed from exclusion to individualization.  (Dror & Charlton correctly note that the absence of contextual information from the experimenters does not mean these cases are somehow “context free.”)  Thus, in 8.33% of the cases without contextual information, experienced fingerprint examiners nevertheless reversed earlier decisions.  As far as I know, this figure is our only direct measure of an error rate in fingerprint examination in which two important conditions held: 1) the parties were being tested, but did not know it and 2) they were not willfully misled by potentially deceptive contextual information.  In one case, the examiner switched from “individualization” to “exclusion” and in the other, a different examiner switched from “exclusion” to “individualization.”  Thus, these data suggest that the rate of false positives and the rate of false negatives are equal.  Unfortunately, the sample size is very small for the Dror and Charlton study, involving only six experts.  These were skilled and experienced experts who were willing to be given blind tests at some unknown point in the future.  Thus, we may wonder if their error rates are not low in comparison to the global average.  Moreover, the absence of biasing contextual information for the second examination contrasts with the daily practice of fingerprint examination, in which domain-irrelevant information is regularly supplied.  Nevertheless, the small sample size makes it impossible to draw from the study any precise estimate of global error rates in practice.   
It is difficult to judge whether the rate of false positives in fingerprint identification is 0.8%, 2%, 8.33% or something higher still.  For the moment, I will adopt 0.8% as a highly conservative benchmark.  Later, I will note how different assumed error rates influence my calculations.  As we shall see, even assuming Cole’s highly conservative value of 0.8%, my proposal for redundant examinations would be cost saving.
Presumably, the caution of examiners would make false positives rarer than false negatives.  In seeming confirmation of this logic, proficiency tests seem to show that false negatives are more common than false positives.  Simon Cole, however, has noted a reason to doubt the significance of this reported difference in the rates of false positives and false negatives.  “Test-takers who are far more concerned about false positives than false negatives can in effect, “game” the test by reporting with extreme conservatism” (Cole 2005, p. 1031).  Moreover, the important FBI fingerprint expert Bruce Budowle and his co-authors report, “a latent print examiner tends to approach the comparison to ‘make an ident,’ rather than to attempt to exclude.” (Budowle et al. 2006). 

The quoted statement from Budowle et al. (2006) is surprising.  The authors do not seem to recognize that it may seem to express a strong and inappropriate bias.  Nor was the article just one, perhaps aberrant, opinion that happened to get in print.  The opening paragraph says, “In response to the misidentification of a latent print, senior management of the FBI Laboratory tasked a three-member review committee to evaluate the fundamental basis for the science of friction ridge skin impression pattern analysis and to recommend research to be considered to test, where necessary, the hypotheses that form the bases of this discipline.”  Thus, the statement must be viewed as authoritative.  I do not know how to square the statement with that of Harmon and Budowle, who say, “There is as much incentive in obtaining a true result when it is an exclusion as there is in achieving a match” (2006, p. 607).
The higher the assumed rate of false negatives, the greater would be cost saving of triplicate examinations, because there would be more false exonerations created by independent triplicate fingerprint examinations.  If one imagines a relatively high rate of false negatives, the implied false exonerations would seem to raise an obvious objection to my proposal.  They do so, however, only if we neglect the fact that false convictions often correspond to implicit false exonerations.  If we mistakenly convict Jim, John goes free.  As long as the number of direct false exonerations created by independent triplicate examinations is less than the number of implicit false exonerations created by false convictions, my proposal will reduce the number of both false convictions and false exonerations.  
Several other considerations suggest that false exonerations may not be a strong objection to my proposal.  The cost savings identified by my calculations might be used to find the guilty parties who would otherwise go free; the exonerations would probably increase the likelihood of catching and convicting the truly guilty parties; and, in Blackstone’s famous formula, “presumptive evidence of felony should be admitted cautiously: for the law holds, that it is better that ten guilty persons escape, than that one innocent suffer” (1765-1769, Book IV chapter 27).  
In the interest of making my initial calculation as financially conservative as possible, I will assume the rate of false negatives is equal to the rate of false positives at 0.8%. The financial impact of assuming a 0.08% rate of false negatives is small, and false exonerations are eliminated. Later, I will show that my proposal improves justice (while reducing costs) even when we assume an 8% rate of false negatives.  
What would each comparison cost?

The cost of each new comparison, using 2002 values, is $52.50.  This value comes from multiplying the hourly cost of fingerprint examiners by the time required to conduct a fingerprint comparison.  (In the case of fingerprint examination, unlike some other forensic disciplines, labor seems to be the only substantial variable cost.)
According to Peterson & Hickman (2005, p. 9), the estimated cost of hiring an additional 300 full-time fingerprint examiners in publicly funded forensic crime laboratories “exceeds $10.4 million.”  Dividing 10.4 million by 300 yields $34,667 per FTE fingerprint examiner.   Because the estimated cost reported “exceeds” the stated value of $10.4 million, we may round up to $35,000 per examiner.  If an examiner costing $35,000 per year works 2,000 hours per year, which is 40 hours per week for 50 weeks, then the examiner earns $17.50 per hour.  (Peterson and Hickman 2005 report the figure of $10.4 million as the “cost,” not a salary.)
California Investigation Services offers fingerprint examinations.  According to their webpage, “An average case can involve approximately 3 to 4 hours of processing and/or examination time.”  If many cases involve 3 to 4 hours of processing and examination time, then it would be conservative to assume that the average time for comparison alone is three hours.  

Multiplying $17.50 per hour by 3 hours, yields a cost of $52.50 per comparison.

An estimate of the savings from redundancy
Durose and Langan (2004, p. 1) report that there were 1,114,217 felony convictions in the United States in 2002.  According to the Bureau of Justice Statistics (BJS 2005, Table A9, p. 31) in 2002 prosecutors enjoyed a 91% success rate in felony cases ending in U.S. District Courts.  Thus, there were approximately 1,211,105 felony prosecutions in 2002, of which 1,111,217 ended in conviction.
Peterson and Markham estimate that finger prints appear “in about 7% of the felony case filings” each year (1995b, p. 1028).  Thus, there were approximately, 84,778 felony prosecutions in 2002 involving fingerprint evidence, of which 77,147 resulted in conviction.  Given our assumption of a 0.8% error rate in fingerprint identification, in 678 of these cases the fingerprint evidence is a false positive and likely to produce a false conviction.
Consider one of these 678 false positives going to trial.  The prosecutor would request the fingerprint evidence be sent to two new examiners, each of whom, we have assumed, has a 0.8% chance of repeating the error of false identification and a 99.2% chance of correctly declining to declare a match.  Given our assumption of independence, based on our proposed mechanism of separating comparing from preparing, the probability of two examinations failing to find a match in such a case is the square of .992, which is just over 0.98.  Thus, triplicate testing will “save” over 98% of the false felony convictions attributable to errors in fingerprint identification.  In other words, of the 678 false convictions implied by our assumed 0.8% error rate, 667 would be prevented by triplicate comparison of fingerprint evidence.

To thus prevent 667 false convictions, it was necessary to perform an additional 169,556 fingerprint comparisons, 2 for each of the 84,778 felony prosecutions in 2002 involving fingerprint evidence.  At $52.50 per comparison, the total cost comes to $8,901,690, which is $105 per case or almost $13,338 per “save.”
According to the Bureau of Prisons (2002) “The fee to cover the average cost of incarceration for Federal inmates is $21,601.” in 2002 (Bureau of Prisons, 2002). According to Federal Criminal Case Processing, 2002 (BJS 2005, p. 33, table A14), in 2002 the “mean number of months of imprisonment imposed” on convicted felons was 58.4, which is over four years and ten months.  It would exaggerate to count the cost of 58.4 months of incarceration as $105,124.87, because these costs are spread out over time.  Employing a 5% annual discount rate, the present value of the costs of incarcerating one prisoner, at 2002 values, is $91,358.  (I assume annual compounding, and an annual interest rate of 5% for the first four years.  For the final ten months and 12 days I prorate the annual fee and the annual discount rate.)
Triplicate fingerprint comparisons would produce an average savings of $91,358 for each person who escapes conviction because redundant fingerprint exams.  Until now we have focused on the 667 persons saved from false conviction.  To be complete in our accounting, however, we should recognize that some persons will enjoy a false exoneration from the system.  Given our assumptions, a false exoneration would occur only when both of the redundant tests required for felony prosecutions produce a false negative.  With our assumed 0.8% error rate, that would happen in 0.0064% of the cases.  (This number follows from 0.008 X 0.008 = 0.000064.)  This value implies 5 false exonerations in 2002.  (There would be 84,777 cases requiring two redundant tests.  In 0.8% of them the damning fingerprint evidence is false.  Thus, in 99.2% or 84,099 of the cases the damning evidence is true.  Multiplying these 84,099 cases by the 0.0064% chance of two false negatives gives us 5.38 false exonerations.)  Thus, redundant fingerprint comparisons would produce savings of $61,465,498.69 annually.  ([667.42 “saves” + 5.38 false exonerations]  X $91,358 costs of incarceration = $61,465,498.69 reduction in costs of incarceration.)  From this figure we must deduct the $8,901,690 required to fund triplicate fingerprint comparisons.  The net savings from triplicate fingerprint examinations is thus $52,563,808.69 per year, which is $620.02 per felony prosecution and $78,757.21 per person saved from false conviction.
Recall that false convictions may often produce implicit false exonerations.  The proposed system of redundant fingerprint examination would eliminate up to 667 such implicit exonerations, but create 5 new false exonerations.  It seems likely that there would be a net reduction in the number of false exonerations.  There will be, in fact, as long more than 5 of the 667 false convictions avoided, i.e., 0.75%, would result in the true criminal being convicted.
What if the rate of false negatives is higher?

My proposal improves justice (while reducing costs) even when we assume a much higher rate of false negatives.  If we assume pessimistically that  false negatives are ten times more likely than the assumed 0.8% rate of false positives, and no avoided false convictions result in the true criminal being convicted, we would let 538 guilty persons escape to avoide 667 innocents suffering, thus placing us well within Blackstone’s 10:1 formula.  If avoided false convictions could result in the true criminal being convicted, the net reduction in the number of false exonerations could be as high as 129 per year.  
Robustness of the calculation
The precise calculations just completed are subject to error.  But the conclusion that triplicate comparisons would be cost saving is robust.  If the error rate in fingerprint examinations is 2%, for example, then the number of false felony convictions in 2002 attributable to errors of fingerprint examinations would have been nearly 1,700.  Redundant fingerprint examinations would have eliminated 96% of them, but created 33 false exonerations.  The money savings from reduced costs of incarceration would be almost $152 million and the net savings in the costs of administering the criminal justice system would have been almost $143 million.  Cole’s “examiner false positive rate” of 5.5% implies 4,663 false convictions.  Redundancy would eliminate 89% of them for a net saving of $394 million in 2002 alone.

One way to test for robustness is to ask what cost of an additional comparison is so high as to just offset the savings from reduced incarcerations.  Call this maximal value c.  This value is given by equation 1).
1) 
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where p is the error rate.
  A graph of this equation is shown in the Figure.


For our benchmark error rate of 0.8%, c = $363.  Recall that the estimated annual cost of a fingerprint examiner is $35,000.  Peterson and Hickman (2005) report the “median expectation” of “[c]rime laboratory directors in 2002” was 264 examinations per examiner per year, but that the median number of requests actually processed was 284 (p. 9).  Dividing our benchmark salary by these values yields a cost per examination between $122.38 and $132.58.  Thus, even the redundant examinations were as costly as the preparing and comparing of fingerprint evidence under the current system, triplication would still lower costs in the criminal justice system.  Even when we accept Cole’s extremely conservative value for the likely error rate and imagine that additional comparisons would cost as much as comparing and preparing cost under the current system, we still conclude that triplication would reduce the costs of administering the criminal justice system.  
Discussion
My proposal for redundant testing would produce a system of checks and balances in forensic science.  It may seem paradoxical that a criminal justice system with built-in redundancy of forensic testing would be cheaper to run than a system lacking such structural redundancy.  After all, it costs something to run redundant tests.  False convictions have a cost as well, however, and in a properly designed system, this latter cost is so greatly reduced by redundant testing that the overall cost of administering the criminal justice system falls.  Forensic science is a bargain for the criminal justice system, and we need more of it.

  I began by noting that forensic scientists are not, in fact, infallible wizards.  They are good people, I said, not good wizards.  Recognizing the common sense reality of human error helps us design mechanisms that both reduce error rates in forensic testing and reduce the costs of administering the criminal justice system.  Justice and economy alike are served by replacing romance with realism in our view of forensic science.  
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Figure 1

	Current system
	Resulting problem
	Proposed institutional change
	Explanation or comment

	Monopoly
	Sloppy, biased, and sometimes fraudulent work
	Rivalrous redundancy
	There should be several competing forensic labs in any jurisdiction.  Subject to the constraints of feasibility, some evidence should be chosen at random for duplicate testing at other labs.  The same DNA evidence, for example, might be sent to more than one lab for analysis.  The forensic worker need not know whether the evidence is examined by another lab.  He will know that there could be another lab, and sometimes is.

	Dependence
	Bias
	Independence
	Crime labs should be independent of police and prosecutors.

	Poor quality control
	Persistently poor work
	Statistical review
	Statistical review would support improved quality control.  For example, if a given lab produces an unusually large number of inconclusive findings, its procedures and practices should be examined

	Information sharing
	Conscious and unconscious bias
	Information hiding
	Evidence should be prepared for testing so as to shield the lab doing a test from all extraneous knowledge of the case particulars.

	No division of labor between forensic analysis and interpretation
	Error from false interpretations of legitimate results.
	Division of labor between forensic analysis and interpretation
	When this measure is combined with the provision of forensic counsel for the defense, errors of interpretation are less likely to go unchallenged.

	Lack of forensic counsel
	False convictions
	Forensic counsel for the indigent
	Forensic science decides many criminal cases and yet we do not have a right to forensic counsel similar to our right to legal counsel.

	Lack of competition among forensic counselors
	Poor quality forensic counsel
	Forensic vouchers
	A voucher system would give forensic counselors to the indigent an incentive to provide high-quality services to their clients.

	Public ownership
	Weak financial incentives to provide high-quality work
	Privatization
	Unlike public labs, private labs would be subject to meaningful fines and civil liability.  In the US, the federalist structure of government means federal regulation and oversight are easier when labs are private.
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* For helpful comments I thank Marina Bianchi, Sam Bostaph, Simon Cole, Chris Coyne, Randy Holcombe, Peter Leeson, Ed Lopez, David Levy, Sandra Peart, and Michael Saks.


� In a valuable article on false convictions, Paul Craig Roberts correctly says, “DNA evidence has been especially productive of success in overturning wrongful convictions based on junk science, false testimony, and mistaken identity” (2003, p. 568).  The debacle in Houston shows, however, that DNA is not necessarily a magic truth bullet.  The proper organization of forensics is necessary for even the most scientifically grounded techniques to be reliable.  The unfortunate term “junk science” may tend to divert our attention from the importance of organizational issues.


� Birks made an “identification” of a latent related to offense report #200300010904.  An FDLE analyst brought into the investigation “concluded that the latent print ‘was not identified with the fingerprint standards’ of he suspect” and indicated that “the print was of sufficient quality for entry into the AFIS system” (Seminole County 2007 p. 10).  Thus, it seems to have been a useable print matched to a suspect who should have been excluded.  Birks made an “identification” of a latent related to offense report #200600011738.  This the eighth case that might belong in the one category or the other.  The FDLE analyst “compared [the latent] to that of the suspects ‘without effecting an identification’” (Seminole County 2007 p. 10).  The latent in this case was not declared to be “of no value.”  Thus, it seems reasonable to conjecture that the suspect to whom the latent was matched should have been excluded.  The administrative review, however, is not clear on this point.  


� The situation here is similar to that examined by Butos and McQuade (2006), who object to government funding of science in part on the grounds that, because such funding is concentrated in a few hands, it “provides the potential for those who want to control the direction (or, in the extreme, even the content) of science to have systemic effects” (p. 199).  The monopsony position of the police with respect to forensic science services produces a similar dangerous potential for influence.


� I agree with Bruce Benson’s important remark, “turning the entrepreneurial discovery process loose on crime control may have real advantages” (1998, p. 341).  Although Benson’s path-breaking work makes a strong case for moving toward a greater reliance on competitive mechanisms, it was never meant to be an exercise in mechanism design.  David Hume’s warning that it “can never be the part of a wise magistrate” to “try experiments [in government] merely upon the credit of supposed argument and philosophy,” suggests the value of the techniques of economic systems design as an aid to mechanism design in this as in other areas.


� My research program in the economics of forensic science illustrates Alan Walstad’s call for more work “using economic concepts to illuminate the conduct of scientific inquiry itself” (2002, p. 5).  There are several parallels between Walstad’s analysis and Butos & Koppl (2003), including an appreciation of the importance of invisible-hand explanations in the study of science.


� The costs of redundant testing are 84,777*2*c, which must equal the (financial) benefits.  These benefits are the product of the per person costs of incarceration, $91,601, multiplied by the number of persons correctly and incorrectly exonerated, which is ($91,601)*(84,777*p*(1-p)2 + 84,777*(1-p)*p2)


Setting them equal yields (84,777*$91,601) *(p*(1-p)2 + (1-p)*p2)=84,777*2*c.  Thus,


$91,601*p*(1-p)=2*c, from which the given equation follows directly. Assuming different rates of false negatives and false positives would require a slightly more complicated formula.
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