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' DNA EVIDENCE: PROBABILITY, POPULATION fi;: |
- GENETICS, AND. THE COURTS '

Davia‘ H. Kaye*'
INTRODUCTION

Courts, attorneys, scientists, statlstlclans _]oumahsts and govemment :

agencies have been explaining,' examining,? promoting,* proselytizing,* e

denigrating,® and otherwise struggling with DNA identification evidence .
at least since 1985.5 In the first wave of cases, expert testimony for the -

* Regents’ Professor, Arizona State University College of Law, Box 877906, Tempe, AZ
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1992 Joint Statistical Meetings of the American Statistical Association, the Biometric
Society, and the Institute of Mathematical Statistics. 1am grateful 1o Herman Chemoff for -
comments on that paper and to Colin Aitken, Richard Lempert, Bruce Weir, and especiaily ©
Bemnard Devlin for comments on later drafts. The errors that remain despite ﬂus gmdance -
are entirely my own. '

1. See, e.g:, David H. Kaye, DNA Faternity Probabzlme.v, 24 FAM. L. Q 279 (1990),

K.F. Kelly et al., Methad and Applications of DNA Fingerprinting: A Guide for the Non- . :
Scientist, 1987 CRIM. L. REV. 105 Miller, DNA Fmgerpnnts to Aid Slemhs 128 SCI L

NEWS 390 (1985).
2. See, e.g., OFFICE OF TECHNDLOGY ASSESSMENT GENETIC Wﬂ‘NESS FORENSIC USES

OF DNA TesTs (1990); Alan Giisti et al., Application of Deo.rynbanucietc Acid (DNA) -

Polymorphisms 1o the Analysis of DNA Recovered from Sperm, 31 1. FORENSIC SCI 409
(1986),

3. See, e.g., Andre A. Moenssens, DNA Evzdence and Its Cntws—How Valxd Are rfze
Challenges?, 31 JURIMETRICS J. 87 (1990). :

4. See, e.g., People v. Wesley, 533 N.Y.8.2d 643, 644 (Sup Ct. 1988) ("[tIhe smgle
greatest advance in the “search for truth,” and the goal of corivicting the guilty and acquitting - -
the innocent, since the advent of cross-examination.™), aﬁ"'d 589N.Y.5.24 197 (App Div. -
1992).

3. See, e.g., Gina Kolata, N.Y. TIMES, Jan. 29, 1990 at A1 (“Leudmg molecular -
biologists say a technique promoted by the nation’s top law-enforcement agency for
identifying suspects in criminal trials through the amalysis of genetic material is too
upreliable to be used in court.™); Janet C. Hoeffel, Note, The Dark Side of DNA Profiling:
Unreliable Scientific Evidence Meets the Criminal Defendant, 42 STAN. L. REV. 465 (1990); -
Marjorie M. Shultz, Reasons for Doubt: Legal Issues in the Use of DNA Identification -
Evidence, DNA ON TRIAL: GENETIC IDENTIFICATION AND CRIMINAL JUSTICE 19 (Paul R.
Billings ed., 1992), reviewed by, John F.Y. Brookfield, Gene Justice, 363 NATURE 122
(1993) (dismissing Professor Shuliz's analysis as “parochial nonsense”). Several of the
biologists referred to in the New York Times story have complained that their views were
misrepresented. Moenssens, supra note 3, at 99-100.

6. The earliest instance of DNA analysis for legal purposes is Alec 1, Teffreys et'al,,
Fositiv: Identification of an Immigration Test-Case Using Human DNA Fingerprinzs, 317
NATURE 818 (1985) (applying the multilocus probes described in Alec J. Jeffreys et al.,
Individual-Specific “Fingerprints™ of Human DNA, 316 NATURE 76 (1985), and Alec J.

Jefireys et al., Hypervariable *Minisarellite” Regions in Human DNA, 314 NATURE 67 - '

(1985)). Soon after, this group applied the technique to a serial murder case described at
length in JOSEPH WAMBAUGH, THE BLOODING (1989), excluding one suspect and
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prosecutlon was ra:ely cuuntered and courts readxly admmed the ﬁndmgs- 2 T

-of commercial laboratones.

‘In the wake of this early enthusmsm for DNA ewden.e doubts‘-: b

emerged. 8 Diligent attorneys and enterpnsmg defendants enhsted well-" ]
credentialed experts to scrutinize the work of commercxal and crime -
laboratories. The resulting plethora of questlons about laboratory
procedures and analyses® convinced many courts, mcludmg the Supreme
Courts of Georgia,'” Massachusetts," and I\{Imnee‘.otaIz to exclude» at least

incriminating another

7. See David H. Kaye, The Admissibility ofDNA Te.mng. 13 CARDOZOL REV. 353 357
n.17 {1991). A case that is representative of this epoch is Cobey v. State, 559 A.2d 391
(Md, Ct. Spec. App. 1988). A man forced 2 woman jogging in a park inte the woods,
where, as the court of appeals put it, he “ravished” her and drove away in her car. A
policeman issued a traffic citation to Kenneth Cobey, who.was driving that car, Cellmark
Diagnostics performed & “DNA fingerprint analysis™ showing “a ‘match’ between the DNA
in Cobey’s blood sample and the DNA [extracted from] semen stains [on the woman's
clothing].” Id. at 392. The state produced five experts “who. testified that: DNA
fingerprinting was accepted in the scientific community,” while Cobey “produced no expert
evidence to the contrary.” Id. at 392. To buttress the testimony for the state, the court of
appeals relied on a news account in the American Bar Association Journal that “Cellmark
Diagnostics of Germantawn, Md., claims its ‘DNA fingerprint’ test can identify a suspect
with ‘virtual certainty,” and that the chances of any two people having the same DNA
fingerprint are one in 30 billion.” I4. at 392 n.7 (quoting D. Moss, DNA—The New
Fingerprints, 74 A.B.A. J. 66 (1988)). Although the court cautioned that "we are not, at
this juncture, helding that DNA fingerprinting is now admissible wﬂly-m]ly, but “are
merely holding that, based upon this record, [the court below].did sot err . . . since there
was no evidence to the contrary,” id. at 398, courts—even those confmnn:d with expert
testimony opposing a DNA identification—frequently cite Cobey for the proposition thatall -
aspects of DNA analysis and all types of DNA probes are accepted among scientists, even.
though this "30 biliion" figure pertains to a multilocus probe that is no longer usedin this
country for criminal identification. .

8. See Kaye, supra note 7, at 357 n.18.

9. These included the possible effects of contammanm on farensic samples, the use of
ethidium bromide, corrections for band shifting, the records of laboratories on proficiency
tests, the size of data bases used to assess the significance of mﬁtchm,g bands, and the
pracedure for calculating the frc:quency of matching DNA pam:ms within the general
pepulation.

10, Caldwell v. State, 393 S.E.2d 436 (Ga 1990} {finding Llfecodes s." smught binning
method satisfactory,” but because laboratory’s calculation that frequency of profile in
population was 1/24,000,000 rested on assumption of Hardy-Weinberg equilibrium
inconsistent with its data base, the more conservative figure of 1/250,000 denved from that
data base would have to be used).

11. Commonwealth v. Cumnin, 565 N.E.2d 440 (Mass 1991) (holding Cellmark’s DNA
evidence in rape case erronecusly admitted in absence of showing general acceptance of
validity of process leading to conclusion that one Caucasian in 59 million would ha.ve
incriminating profile).

12. State v. Schwartz, 447 N.W.2d 422, 428 (Minn. 1989) (respondmg to Cellmark ]
multilocus VNTR probe, said to produce a “banding pattern [whose frequency] in the
Causcasian population is appreximately 1 in 33 billion,” the count concluded that “DNA
typing has gained general acceplance in the scientific community,” but “the laboratory in
this case did not comport™ with “appropriate standards,” and further holding the statistical
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~ some aspects of DNA evldem:e.lJ Nevertheless. inthe majonty of cases,' e
. the courts continued to hold DNA matches ‘and probabxhtles adxmss:ble FEI

even in the face of conflicting expert testimony. ' e

With the pubhcanon of a long-awaited report of a twelve—member' -
panel of the National Research  Council,” a third wave of cases’ is |
crashing down upon this battered legal shoreline. : Even ‘before the
National Academy of Sciences released this report- for’ publication;
unofficial announcements of an impending call for a moratorium on'
forensic DNA - identification’® produced constemauon“ and legal -

maneuvering. " - Although the final report sought no such moratorium and * :

strongly endorsed the theory behind forensw DNA analysis; - it does 4
question several aspects of current and past practice and does recommend
improvements in the process. The pressure created by these pronounce-

conclusion to be inadmissible, because even if the computation is accurate, “we reowin
convinced that juries in criminal cases may give undue wenght and defcmnce to pn:scntcd .
statistical evidence™). .

13.  Other courts have also refused to admit certain forms of DNA evidence. See. g,
United States v. Two Bulls, 918 F.2d 56 (8th Cir. 1990), vacated for reh’s en banc but
appeal dismissed due to death of defendant, 925 F.2d 1127 (8t Cir. 1991); People v.’
Castro, 545 N.Y.S.2d 985 (Sup. C1. 1989); ¢f. Perry v. State, 586 So.2d 242 (Ala. 1991)
(remanding for hearing on Lifecodes’s adherence to proper procedures and aceepmbuuy of -
statistical methods).

14. See, e.g., United States v. Jakobetz, 747 F. Supp. 250 (D. Vt. 1990) {applying:
relevance standard), aff'd, 955 F.2d 786 (2d Cir. 1992), cert. denied, 113 S.Ct. 104 (1992);
United States v. Yee, 134 F.R.D. 161 {N.D. Ohio 1991) (applying general acceptance
standard); ¢f. State v. Pierce, 597 N.E.2d 107 (Ohio 1992) (applying relevance standard,
no defense experts); Satcher v. Commonwealth, 421 S.E.2d 821 (Va. 1992) (applying
general acceptance standard and statute, no defense experis).

15. COMMITTEE ON DNA TECHNOLOGY IN FORENSIC SCIENCE, NATIONAL RESEA.RCH :
COUNCIL, DNA TECHNOLOGY IN FORENSIC SCIENCE (1992) [bereinafter NRC REFORT]). -
For a more comprehensive summary of the NRC Repori and thoughts on its legal implica-
tions, see Xenneth R. Kreiling, Review-Comment, 33 JURIMETRICS T. 449 (1993).

16. Gina Kolata, U.S. Panel Seeking Restriction on Use afDNA in Couns, N. Y TIMES,
Apr. 14, 1992, at Al.

17. The panel’s chair promptly repudlated the N.Y. Times concededly exaggerated
account. Gina Kolata, Chief Says Panel Backs Courts' Use of a Genetic Test, N.Y. TIMES,
Apr. 15, 1992, ar Al,

18. FBI “interference” in the preparation of the report and a Ia.st-lmnute compromise in -
a crucial section of the report has been alleged. Leslie Roberts, DNA Fingerprinting:
Academy Reports, 256 SCIENCE 300 (1992) (describing compromise within the National
Academy of Sciences Commitee on a Statistical Standard); Rorie Sherman, Genetic Testing
Criticized, NAT'L L.J., Apr. 20, 1992 (some courts have ordered production of the
penultimate draft of the NRC report, which was leaked to and criticized by the FBI).
Charges of FBI interference apparently come readily to the lips of some participants in the
public debate, See e.g., Rorie Sherman, New Scrutiny for DNA Testing, NATL L.)., Oct.
18, 1993, at 3 (quoting one defense attorney’s reaction to a recent decision of the National .
Academy to impanel a new commitiee to update the population genetics chapter of the 1952
report as the “offensive™ result of the “law enforcement [community’s] dictating to the
independent scientific community how they should examine problems™).
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ments” is shapmg opmmns across the nation.® . - T

Of all the technological and scientific issues in tlus debate, the most';'; |
difficult for the courts, and those that have generated the most disagree-
ment within the scientific community, involve statistics. The disagree-
ments revolve around one central challenge—presenting: the degree of
similarity between DNA in a crime sample and DNA i ina defendant’s

" sample so that a judge or jury can fau]y assess the probauve value of
DNA evidence. The predominant procedure for criminal DNA testing in -
the United States involves two major steps: first, declaring a “match”
between the two samples, and second, if a match is declared, estimating -
its relative frequency in a reference population. This frequency indicates,
at least indirectly, the s1gmﬁcance of a match. It reveals whether the
match is as common as a polite smile or as rare as the enigmatic
expression of the Mona Lisa. '

In determining the admissibility of testimony on these points, courts
have applied two competing standards. One is the general acceptance
standard first applied to scientific evidence in Frye v. United States.”
Under the Frye standard, courts do not inquire directly into scientific
truth, but ascertain whether the scientific community has reached the
consensns that the scientific procedure in question rests on a valid theory
and generates reliable results when properly applied.? The -other

19, A committee of defense lawyers is reviewing convictions involving DNA
evidence, seeking to apply the report’s recommendations retroactively, as it were. See
Tim Beardley, DNA4 Fingerprinting Reconsidered Again, SCI. AM., July 1992, at 26.
Prosecutors have begun to request calculations of the frequency of maiching DNA types
using the “ceiling method™ advocated in the report. See Christopher Anderson, Courts
Reject DNA Fingerprinting, Citing Controversy After NAS Report, 359 NATURE 349
(1992).

20. See Peaple v. Bamney, 10 Cal. Rptr. 2d 731 (Ct. App 1992} (finding that product
rule calculation method nat prescribed by NRC panel for calculating frequency of DNA
pattern is not generally accepted among population geneticists), foilowed in People v.
Wallace, 17 Cal. Rptr. 2d 721 (Ct. App. 1993); Commonwealth v. Lanigan, 596 N.E.2d
311 (Mass. 1992) (same); Staie v. Vandebogart, 616 A.2d 483 (N.H. 1992) (same);
State v. Cauthron, 846 P.2d 502 (Wash. 1993) (finding etror in allowing expert to testify
that defendant was the source of the incriminating DNA and yet excluding testimony of
frequency of the DNA pattern given that the NRC panel had proposed a generally
accepied methad of calculation); ¢f. State v. Bible, 858 P.2d. 1152 (Ariz. 1993) (holding
method as applied to 1988 data base not generally accepted); Springfield v. State, 86D
P.2d 435 (Wyo. 1993) (holding frequency re-calculated with “the most conservative”
NRC method admissible under relevance standard); People v. Atoigue, DCA No. CR
91-95A (Guam Dist. Ct. App. Div. 1992) (method not generally accepted among
population geneticists). For discussion of these cases, see infra Part 1(B)(4).

21. 293 F. 1013 (D.C. Cir. 1923) (holding inadmissible expert opinion of truthfulness -
formed from a primitive version of the polygtaph).

22. See generally, e.g., 1 MCCORMICK ON EVIDENCE § 203 {. Sl:rong ed., 4th ed.
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approach treats general acceptance as but one factor that bears on the
' ultimate question of whether the sc:ennﬁc ﬁndmgs are sufﬁclently rehable L
to justify their admmsmn in view of the dangers of uncnt:cal acceptance .
by the jury and undue expense and consumpnon of tnme.?’ Although both_g

standards are consistent with the wordmg and history of Rules 403%and. . :

702% of the Federal and the Uniform Rulés of Evidence, in Daubert v."

" Merrell Dow Phannaceutzcals' e, the Supreme Court unammously |

held that the federal rules implicitly reject ‘the Frye test. 7 Over ; some

dissent,?® the Court attemptecl to define “scientific know]edge,azs and n“f" o

articulated four “general observations™ for use in determining ‘wheth‘er B

23. See, E.g., State v. Pierce, 597 N.E.2d 107 (Ohio 1992) (applying relevance
standard to uphold admission of DNA statistics despne NRC Repon). cases cited,
MCCORMICK, supra note 22, § 203 at 872 n. 31. ‘

24, Rule 403 states: “Although relevant, evidence may be excluded if its probatwe
value is substantially. outveighed by the danger of unfair prejudice, confusion of the
issues, or misleading the :.ry, or by considerations of undue. delay, waste of time, or -
needless presentation of cumulative evidence,”

25. Rule 702 provides: “If scientific, tzchnical, or other speclahzed knowledge will
assist the trier of fact to understand the evidence or to determine a fact in issue, a
witness qualified as an expert by knowledge, skill, experience, training, or cducauon.'-
may testify thereto in the form of an opunon or otherwise.” :

26. 113 5.Ct. 2786 (1993).

27, Although Daubert should accelerate the movement away -from Frye. two factors
may blunt the force of the decision. First, the Court continued to apply its wooden,
“plain meaning™ construction of the rules.  See,- e.g., Glen Weissenberger, The Supreme
Court and the Interpretation of the Federal Ruies of Evidence, 53 OHIO ST. L.J. 1307
(1992). Second, Daubert concerned the general acceplance of a scientific conclusion
about a putative teratogen. The general methodology for determining teratogenicity—the
examination of data from toxiciologic and epidemiologic studies—was not controversial;
only its application was in dispute, and the application of an accepted methodology plays
no part in the normal Frye analysis. For cases hesitating or declining to foliow Daubert, .
see, for example, Siate v. Bible, 858 P.2d 1152 (Ariz. 1993) and Fishback v. People,.
851 P.2d 884 (Colo. 1993).

28. Chief Justice Rehnquist and Justice Stevens dissented from' this portion of the
opinion.

29. The Court treated Rule 702 as the “primary locus™ of the trial court’s obligation
to screen out unacceptable scientific testimony. 113 8.Ct. at 2795, The rule speaks of
“scientific . . . knowledge,” and the Court propounded the tautology that “in order to
qualify as ‘scientific knowledge,” an inference or assertion must be derived by the
scientific method.” Id. “Proposed testimony must be supported by appropriate
validation—i.e., ‘good grounds,” based on what is known,” recognizing, of course, that
“it would be unreasonable to conclude that the subject of scicntific testimony must be
‘known’ to a certainty.” Jd. However, it is not the inference or assertion itself that must
be sufficiendy “known.” “The focus, of course, must be solely on the principles and
methodology, not on the conclusions that they generate.” Id. at 2797. This article
contends that “good grounds” exist “based on what is known” to support the
introduction of DNA evidence and a variety of statistics or probabilities that indicate how
revealing such evidence is. :

30. First, citing the positivist criterion that, in principle, a scientific hypothesis -must
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purportedly sment:ﬁc testimony possesses sufﬁc:ent valldlty and rehablhty B
to qualify as “scientific knowledge” and whether it. would sufﬁclently"'
“assist the trier of fact” within the. meamng of Rule q02.3 :

a7

To help meet the challenge of presentmg properly performed DNA‘ ’ % i_' L
tests within this legal framework this Article -outlines the” statlsucal
procedures that have been employed or proposed to provide- Judges and i

~ juries with quantitative measures. of such probative value, descnbes more i
fully how the courts have dealt with these procedures, and evaluates the

opinions and the statistical analyses from the standpomt of the law of ="

evidence. - Part I outlines the proeedure used to declare whether two

samples of DNA “match.” It explains how shrinking the size of the

“match window,” as some defendants have urged w1ll decrease the Tisk -
of false matches, but will also exclude highly probative evidence of -
identity. This section also demonstrates that a defendant’s effort tp,show
that a smaller match window would not permit the declaration of a match
is irrelevant or misleading. Part II explains procedures for estimating the
frequency of the incriminating genetic characteristics in various Iiopu]a-
tions. These procedures have been the subject of an acrimonious debate,
both in the courts and in the press, about the effect. of - “population -
structure.” This section reveals that the population stmcture objection,
which has proved so effective in court, applies most strongly to only a
limited class of cases Thus, courts have erred in excluding DNA
evidence on the theory that the scieftific community advocates that the
most “conservative” procedures must be used in all cases. Part I
identifies more fundamental problems in the use of population frequency
estimates. It advocates supplementary and alternative procedures that are
essential if quantitative statements of the probative value of DNA

be subject to some empirical test that could falsify it, the Court observed that “a key
question . . . will be whether [a theory or technique) can be (and has been) tested.” 113
S. Cu at 2797, Second, a “pertinent consideration is whether the theory or technique
has been subjected to peer review and publication.” 7d. Third, ordinarily “the known
or potential rate of error” should be assessed. Id. Finally, “general acceptance” within
the scientific community “can yet have a bearing on the inquiry.” I4.  None of these
factors, except presumably the first which excludes purely metaphysical theorizing, is “
sine gua non of admissibility,” for “[tlhe inquiry envisioned by Rule 702 lS we
emphasize, a flexible one.” Id.

31. To “assist the trier of fact to understand the evidence or to determine a fact in

issue,” as Rule 702 requires, the scientific testimony must be “relevant” and “fit” the

circumstances of the case. - 113 S.Ct. at 2795, 2796, - Assuming that the identity of the
actyal criminal is a contested issue, properly conducted DNA tests of identity always wilt
be relevant, The only arguable lack of “fit" might involve the selection of a data base
for computing related statistics. See infra text accompanying note 155.
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evxdence are to be. admxss1ble

I DECIDING WHETHER DNA FR.AGMENTS
MATCH '

* The most common form of- DNA analysm in cnmmal cases uulwe.,:f-;f {

four or five so»ca]led smgle locus - VNTR probes™ to ptodw::e a‘_" .
“multilocus genotype,” or, more simply, a “DNA: proﬁ]e. DNA i isa
complicated but stable organic compound found in the cells of all organ— e

isms, from the humblest amoeba to the most an'ogant human bemg It

is composed of two weakly connected- su'ands of molecules that’ spu‘al: -
around one another to form a double helix. Along the backbone ot‘ each .. ,

strand are much smaller, relatively flat molecules known: as- nucleotlde S
bases. There are four such bases, often referred to by then' lmna]s, _C,‘ LR

T, A, and G. The C on one strand always pau's with the G. onits -
complementary strand, and the A with the T. - A little reflection reveals: -

that there is an incredibly large number of possible ordermgs of these ) o

base pairs in a lengthy stretch of DNA.®

Using techniques of molecular bxology,"‘ fragments of chromosomes”

that begin and end with certain sequences of DNA base pairs are exc:sqd -

from samples found in blood, semen, or other maierial ‘containing

sufficient DNA.* The beginning and ending sequences are chosen sothat

32. See infra note 40 and accompanying text R .
33. At each site, there are four possible pairs: ‘AT, TA 'CG, or GC. ' Two sites:
produce 4 X 4 = 16 possibilities, three produce 16 x 4 64, and 50 on, so ﬂlat n s:tes
can accommodate 4° possibilities. ‘
34. See generally MAXINE SINGER & PAUL BERG GENES & GENDMES A CHANGING_ -
PERSPECTIVE (1991). :
35. A chromoscme is essentially a ughtly coiled molecule of DNA. " ‘Bach parent

supplies one each of 23 different chromosomes, 5o the human genome consists of 46~

chromosomes arranged into 23 pairs. On the coiling of DNA, see, for example, | chhael :
Grunstein, Histones as Regulators of Genes, SCI. AM,, Oct, 1992, at 68.

36. Bacterial enzymes are used to cut the DNA into fragments. A given restnchon '

enzyme” binds to DNA when it encounters a certain short s=quence of DNA base pairs
and cleaves the DNA at a specific site. For example, the Hae IIf enzyme cleaves the
strand ...GGCC... to yield ...GG and CC... . “Digesting” DNA with such an enzyme
usualiy produces fmgments ranging from several hundred to several thousaud base pam
in length.

A technique for copying DNA pemuts minute qua.ntmes of DNA to be analyzed
See, e.g., Henty A, Ehrlich et al., Recent Advances in the Polymerase Chain Reaction,
252 SCIENCE 1643 (1991). In most forensic applications to date, DNA that has been
“amplified” in this way has been probed at less revealing loci that do nor involve
VNTRs. See, e.g., State v. Williams, 599 A.2d 961 (N.J. 1991) (unopposed testimony
of prosecution experts established general acceptance of PCR amplification followed by
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the material they braeket tends 1o vary m size from person to person. -
The lengths of the DNA fragments are measured by seeing how far 3

they move through a slab of gelatmous material when attracted by an o N

electric charge relative to DNA fragments of known’ lengths—a process

~ known as electrophoresis. Just as a sleek panther can wend. 1zs way o
through a stretch of dense Jungle more readily than a bulky elepham 4n. U

a given period of time shorter fragments (with low molecular welght)
migrate farther in an electrophoretic gel than longer t'ragments (of high
molecular weight).”

The variations in the lengths of the fragments from dlfferent people
referred to as “fragment length polymorphisms,”* result primarily from,
disparities in the number of repetitions of a short sequence" of eueleoride B
base pairs. The-number of repetitions of this core or “consensus”
sequence varies greatly among people—hence ‘the phrase “variable
number of tandem repeats,” or VNTRs.* The fragments containing the
tandem repeats can be detected by specially constructed - molecular

“probes” that bind to a specific consensus sequence.“ By measunng the

dot-blot detection of HLA DQa polymorphism). Amplification coupled with more
precise detection of VNTRs is, however, also possible and likely to dominate forensic
applications in the near future.. See, e.g., Bruce Budowie et al., Analysis of the VNIR
Lacus D1S80 by PCR Follawed by High Resolution PAGE, 48 AM. J. HUM. GENETICS
137 (1991). For a set of proposed safeguards in forens:c PCR anaiysrs see. Nkc: :
REPORT, supra note 15, at 63-73. :

37, The molecular weight of a compound is equal to the total mass of its cnnsument
atoms, Since DNA fragments all have pretty much the same mix of atoms, a-fragment
that has twice the length of another also has about twice the molecular weight.

38. They also are called “RFLPs” or “AmFLPs,” dependmg on the pmeedure that
yields the fragments. :

39. See Yusuke Nakamura et al., Variable Number of Tana'em Repeat (VNTR). Markers
for Humar Gene Mapping, 235 SCIENCE 1616 (1987). - More than'one core sequence
may be repeated in some VNTRs. See Alec J. Jeffreys et al,, * Minisatellite Repeat
Coding as a Digital Approach to DNA Typing, 354 NATURE 204 (1991): (proposing an
analysis of the order in which two interspersed core sequences appear in the repetmve
portion of fragments in order to provide greater discrimination).

40. The chromosomal locations that give rise to VNTR RELPs or AmFLPS are known
as VNTR or hypervariable loci.. The number of repetitions of the core sequence can
vary from a handful tw a few hundred, depending on the particular locus, but, when the
length of the core sequence is short, the differences between fragments:from different
subjects will be too small to detect on a typical electrophoretic gel. Resoltion of
fragments which differ by as little as two base pairs, however, has been reported with™
newer gels. See Rene Hubert et al., A New Source of Polymorphic DNA Markers for
Sperm Typing: Analysis of Microsatellite Repeats in Single Ceils, 51 AM. J. HUM.
GENETICS 985 (1992).

- 41. These Lzobes are short segments of single-stranded DNA with a radioactive or olher
readily identifiable component attached, like a'sticker or tag on a sujtcase. ‘'When the probe
encounters 2 strand of DNA with the comp]ememary sequence of bases, it pairs (“hybndrz—
es™) with the target DNA. .
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dlstances that 1he fragments tagged with these probes have m:graled 2 the
- approximate - lengths of the VNTR fragmcnts can b’ determmed o
Although VNTRs used in forensic work represent a mmuscule pomon of ,
‘the full genome,. the number of distinct combmatmns of them eas:ly runs

into the billions and trillions.® =~ -~ RRCREN
flanking . any fep«:ats of 2 single - flanking
region _ .CONSENsUs sequence = - -:-7" region .

S NN A T S D 5 S - S St

Flgure 1. :
A schematlc diagram of a VNTR fragment. Between twoj o
flanking regions of DNA (-) are many repeats of the same -
small sequence of base pairs (the consensus sequence >).
The number of repeats often varies, as between the pair of
chromosomes - in an individual and as among the chromo-
somes from different people

Because the prevailing rmethod of ‘-agarose gel : élec’troﬁhof:sis for

42, In one coramon procedure for “visualizing” the target DNA, the DNA is dena- -
wred to.jts single-stranded form and transferred from’ the -electrophoretic: gel to a
nitrocellulose filter. The probe is applied 10 the filter, and any excess, unbound probe is
washed away. X-ray film is placed next to the filter. Radioactivity from.the pzobe
exposes the film, producing a black band whose location reveals how far the restriction *
fragment migrated on the gei.~Ses generally JAMES D). WATSON ET AL., RECOMBINANT .
DNA (2d ed. 1992). Many opinions liturgically recite all the steps of this “Southern
blotting™ procedure. See, e.g., Springfield v, State, 860 P.2d 598 (Wyo 1993) (qummg
Fishback v. People, 851 P.2d 884 (Colo. 1993)). ’ ‘

43, A typical fragment from a given region of a chromosome (a “locus”) easily can
come in 20 or more discernibly different sizes (“alleles™). See, ¢e.g., S.J. Odelberg et
al., Characterization of Eight VNTR Loci in Agarose Gel Electropkoresis, 5 GENOMICS
915 (1989). For the maternal and paternal pair of chromosomes, then, there are many -
possibilities: maternal “allele” 1 can pair with patei’nal “allele™ 1, 2, 3, ..., or 20;
maternal “allele” 2 can pair with paternai “allele” 1, 2,'3, ..., or 20; and so on. - The
result is 20 X 20 = 400 possible “allele” pairs. Without a study of family members to
ascertain which “allele” is on which chremosome, however, a single-locus ' VNTR probe
cannot distinguish a paternal-maternal “allele” pair from a maternal-paternal one. On a
gel, the pair (1,2), for example, looks the same as the pair (2,1),  The 400 possibilities
therefore includes (20 x 19)/2 = 190 duplicates, leaving 210 discemible single-locus
“genotypes.” At four such loci, 210 x 210 x 210 x 210 = 1,944,810,000 discemible
“genotypes” are possible; likewise, 210° = 408,410,100,000 distinguishable five-locus -
“genotypes” are possible. Obviously, not all of the mathematically possible combina-
tions are realized in any human population, and some may be represented ntore frequent-
ly than others. The branch of biology that studies the distribution of genotypes across
populations and within populations over time is known as population genetics.
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measurements must conﬁrm that the dlfference ‘m nngrauon‘-drstanees s
less than plus-or-minus three (or some: other numbet" ot) standard _
demuons“ of a set of mdependent dupl:caie measurements . “The .

44, See supra nut: 40 Contra Sme v. Vandebogart, 616 A.Zd 483 486 (N H. IM)L
(“A variation of even 0ne nucleotide in the sequence of DNA is dewcfable ™).

45. There is confusion as to what yule: different’ labommnes antun]ly use. 'Ihe FBI
requires that bands be separated by no more than +2.5% ofthelrmennmolemlarwmght:
to declare a match. This window is slighly larger than the biggest difference observed
in the FBI labotatory for the same sarple’ measured twice. - See Bruce’ '‘Budowle ei al, -
Fixed Bin Analysis for Staristical Evaluauan of Continuous Dumbuum of Allele Data:
Jrom VNTR Loci, for Use in Forensic Comparisons, 48 AM. §. HiM: GENlmcs 841,844, L
(1991). ‘According to Eric S. Lander, fnvired Editorial: Research ‘on DNA Typmg‘ :
Catching Up with Courtroom Application, 48 -AM. J.-HUM. GENETICS 819,. ‘820 99y, ..
this FBI study suggests that the Bureaw’s laboratory has 2 slaudard deviation ‘for the '’
difference between two measurements of about 1.5% of the molecula.r weight of their
mean. If so0, the +2.5% maich window corresponds to +1.7 standard deviations. . On* . i
the other hand, Neil J. Risch & Bernand Devlin, On the Probabmgw of Matching DNA- . .
Fingerprints, 255 SCIENCE 717, 720'n.9 (1992), conclude from the same FBI stdy’ that |
the FBI “measurement error SD™.is 0.625%, which implies a match  window: of four .~ '
standard deviations. Likewise, Seymour Geisser,” Some Statistical Issues in Meﬂzcu:eg_f
and Forensics, 87 1. AM. STAT. ASS'N 607, 609 (1992), comments that Sthe FBL.ouv
will declare a match between two samples if the bands are within 2.5%- ofﬂ:eavemgeof, T
the two . .. a folerance of about 4 standard deviations. of- the difference.” - Brimim's =~ . > -
Home Office Foronsic Science Service estimates the standard deviation of the difference. -
. between two independent measurements to ‘be 1.1%. - See Donald-A.:Berry et al.,
Statistical Inference in Crime Investigations Using Dcoxynbonuclnc Acid Pmﬁlmg, 41 T
APPLIED STAT. 499, 502 (1992). According to Lander, supra; and Risch & Deviin, . -
supra, commercial Iaboratories report still smaller figures of about 0.6%.- Llfecodes‘ :
Corporation uses 2 match window of 1.8%, Ses Bruce §. Weir, .Review:: Populmon .
Genetics in the Faramc DNA Debare. 89 PROC. NAT'L ACA.D 8 11654 11655 .
(1992). which amounts to +3 standard deviations of the Teported. measurement error...” i

. Some of these drscnepancles may arise from - differences in. the . mnn:mls bemg o

examined in the “calibraticn” studies. .More consistent results may be expected from - -
fresh. DNA: evidentiary samples can be influenced by degradation and exhibif band. ' -
shifting. The characterizations of the FBI's match window for forensic casework as 44 - ‘
standard deviations of the mean of the two fragments actually- pertzin’ to the’ snmdard s
deviation derived from their K12 cell line (“control DNA”) measurements, It also
should be noted that a match window of +k standand deviations of the mean of the two - -
fragments implies that the two fiagments could be 2k standard deviations apart and still
“match.”  See infra note 47; Michael I. DiRusso, Note, DNA “Prafiles™—The Probiems
aof Technology Transfer, 8§ N.Y.L. SCcH. J. HUM.. RTS. 183, 205 (1990) (criticizing -~ .
Cellmark for reportmg that it vsed a match window of :i:3 stam!an:l devxanons when it
actually was using +6).

46. The standard deviation is a statistic that measures the degree of vanauun inaset
of mmmbers. If all the numbers are identical, their standard deviation is zero. 'If they. .
vary greatly from their mean, then their standard deviation is large. . For electrophoretic
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- which two bands can be dec!ﬁréd to match “

" smaller distances on the gel).

|

measurements, Ihe standud deﬂaﬂon is greater for larger fragmcnls. (wluch Tnigrats :

47, In practice, - reproduclbﬂxty studws q:plcally mvolve cumparmg lhe‘ fragment
lengths for VNTRs in DNA obtained' from vagingl swabs (containing epiﬂJe!ml cells) amd
from blood taken from the same ‘woman.” Both samples conmn ‘the same DNA, and ﬂlc N
two - sources correspond to the situation in Tape cases. o An alwmanve wou!d beto . -
compare semen and blood samples fn)m dle same mzm ]n such sm:hes conduclzd by ﬁu:: i

differed by more than 5. 695 of the:: average length ‘BS. Weir'& B.S. Gant, Ma:chmg Ui
and Binning DNA Fragments in Fore:mc ‘Science, 34 IURMEI'RICS T g (1993) ;Such”
studies enable the lahomtnry to choose a-window- that.is w:de enough to be ]ikely to B
result in a match when two samples come from the same source

48. We:r & Gaut, supra notc 47, Iumdly descnbe the proccss.

Suppose the vaginal sample lengdh is denomd by e a.ml the. blood sampl;-g‘" e
' "length by 5. Then thr. mlauonshxp . RIS

- |s;-e|'

(s+e)l2

defines ¢ (0.028 for the South Carolina’ laboratory) Alhemauvely, mh‘ ‘
band is no more ﬂmn a from’ the avemge of the two leng:hs )

f.:~(s+¢)l2|
{s+e)f2 - )

Ie-ts#f)ﬁl < ﬁ'. 2
Asre)2

o

This situation is shown below. In other words, there is uncerminty
associated with an estimated band length., The true length of a band of
estimated length e is thought to be contained in the interval e 3 o, and
two bands are said to match if they are no more than 2e apart: . e

o
blood: s
. ) . a . :
(e+s)2 . : . o &
@ ‘
vaginal: e




~expect to see the process attacked in court Indeed it 1
‘ challenges have met with lrttle sueeess. : The anesota Supreme Court :
in State ‘v. Jobe,”: deflected a: challenge to th ""§u jective T‘phase '
- matching with the observation that “each. sample is also examined by :
second - n'amed examiner and ultmately the . ‘match . 1seonﬁrmedo
rejected through computer analyms, using: wholly objectwe cntem s
Likewise, courts in Arizona,” Cahfomxa, 2. and New. York” have held
that high standards’ of accuracy such as the NRC panel's call for a‘ﬂ
precise and ob]ecnve matching: nrle""' do not requu'e excluslon of results'
of the FBI’s or Cellmark’s’ match procedures & PR S
These holdings are coirect.. As- long as no- \nsual match wﬂl be"' :
reported as a match unless’ eouﬁrmed by the quantitative matchmg rule, _f el
the imprecise, subjective phase serves ‘as only a prehmmary ﬁlter. o
means that in some cases where the purely statistical rule woulcl deelare"f s
a match the laboratory will not report a match ‘When a samp]e from af' e
defendant matches both objectively and subjecnvely. the defendant can_ B
hardly complain that the laboratory should not have bothered wrth the ‘ '
subjective phase of the procedure.% . g
Judicial discussions of the adequacy of thé ob_]ectlve, tat:stxcal phase _
of matching have been less perspicacfous. - The issue can surface ‘both
when the prosecution offers proof of a match, and when a defendant
offers evidence of a non-match, In the former, mculpatory situation, a
defendant might argue that the match window: is too wide,’ and a more

Once this nunerical matching rule has been established for a particu-
Iar laboratory, the evidence bands e can be compared to bands s from a
suspect. If a visual maich is declared, and if all pairs of corresponding
bands in the two profiles differ by no more than 2a, then the two
profiles are said to match.

49, 436 N.W.2d 407 (Minn. 1992).

50. Id. at 420.

51. State v. Bible, 858 P.2d 1152 {Ariz. 1993).

52. People v. Bamey, 10 Cal. Rptr. 2d 731 (Ct. App. 1992).

53. People v. Wesley, 589 N.Y.S.2d 197 (App. Div, 1992).

54, NRC REPORT, supra note 15, at 72.

55. When the laboratory reports the proportion. of people in the general population
with DNA that would match the crime sample, it uses the purely statistical match rule.
To the extent that the subjective component can only reduce the number of matches in
the population, this frequency tends to overstate the degree o which the DNA test would
incriminate innocent peaple. Of course, there may be separate reasons to question these :
estimates of population frequencies. These are analyzed infra in Part II. )

56. See, e.g., United States v. Yee, 134 F.R.D. 161, 207-08 (N. D Chio 1991) see "
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: 'strmgent rule that would preclude the declarauon of a: match shp_ d be.
~ used.” In many cases, this argument will be futile, for all’ ﬂle‘pairs of -,
" measurements will lie well within the match window. 8’ Indeed when !hxs{

‘ happens, experts may refer to the concordance of the two measurements - L
within the match’ wmdow as an exact match, ”59 or' conc]uslve match-' o

es.”® Conversely, when at least one pair of measurements spans nea.rly .

the Tull length-of the wmdow, and an analyst just speaks of “a malch R

a court may still adnut the ev1dence, as did the magxstrale Judge in Umted :

States v. Yee.® ‘That court justified its holding with the observanon that ~ -
“‘defendants Who would be outside a: smaller wmdow but are wnhm the U

F.B.L’s larger window can make that point clear at tnal re:

Although this may sound like a reasonable compromse, the Yee

suggestion mwtes apotentla]ly confusmg exchange. _The prosecutwn says )
1o the defendant “under our match rule, you match.” The defendant S
replies, “That’s your rule. Undera deferent ‘rule, Idon t match What ‘

is the jury to make of this thrust and counterthmst? Ifall goes well, the : = o
exchange will make no difference because the jury also will be presented R -~
-with the frequency with which the prosecutmn s procedute for declanng s o

- also Geisser, supra note 45, at 609 (chamctenzmg the +2.5% wmdow as “an extraordl- '
narily wide net to declare a match”™). B '
57. In United States v. Jakobetz, 747-F. Supp. 250 (D. Vt. 1990) afd, 955 F2d786

(2d Cir. 1992}, cert. demed 113 S.Ct. 104 (1992), the defense auacked the FBI's match

window of +2.5% on the ground that “[iThe FBI derived this 5% window throngh an .

empirical analysis based upon. the total variation of matches from known samples rather -

than a statistical approach that utilizes confidence intervals. Defense expert Dr. Joseph]

Nadeau testified that the distinction renders the FBI’s' mathematical approach sc1eunﬁcal-

1y unacceptable.” 7d. at 257. Since the statistical propertics of a match window. do' xot

depend on how it was derived, the criticism that the court describes is misdirected. -
58." This was the case in State v. Vandebogart, 616 A.2d 483, 488 (N.H. 1992) (“The

FBI confirmed a visual match . . . because the degree of variation did not exceed plus or

minus one percent.”), State v. Alt, 504 N.W.2d 33, 47 (Minn. App.i 1993) (“The

greatest variance between Alt’s DNA and any of the forensic DNA specimens on any of
the probes is 1.3%, approximately half the size of the match window, and- within.the

match windows suggested by the defense experts.™) and Jakobetz, 747 F. Supp. at 257.

After criticizing the £2.5% rule, the defense expert in Jakobetz “conceded that if the

autorad matches . . . were within plus or minus 1% of the number of base pairs, he

would have more confidence in the conclusion that there was in fact 2 match.” Jd. This
allowed the government nimbly to sidestep. the criticism by pointing out that “all sixteen
band matches (eight alleles from each the victim and the suspect on four dlfferent )
autorads) were within plus or minus 1%.” Id. at 258. -

59. See, e.g., State v. Hammond, 604 A.2d 793, 802 (Conn. 1992) (noting that the

“female portion of the DNA that came from the [semen] stain matehed ‘exactly’ with

that of the victim”}. s
60. See, e.g., Jokobetz, 747 F. Supp. at 257,

61. 134 FER.D. 161 (N.D. Ohio 1991).
62. Jd. at 208.
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. a match would produce reports of matchmg DNA m._randomlyﬂ chosen
members of the reference population.® " If the. proceclure almost always
results in matches for samples - from the same souree and 1f the,match :
would be rare among mnocent ‘people, then the. ev1dence proves 50 o
thing, and its probative value is unaffected by the trmsm that the same-
measurements would not match under somc even more stnngent mle.
The defense testimony contemplated m Yee therefore proves very llttle. ST
Disputes over the strictness of particular wmdows“6 or the optlmal match L S
window—when there is no such thing®—may confuse and perplex the _]ury Rt

63. See infra notes 149-208 and accompanying text. ‘ N )
64. Nevertheless, within the window that a laboratory nmformly apphes t.o declare ac-
match, some matches—those well within the ‘window—are more probative than: others.” *
Thus, the defense (or the prosecution).should be: perrmlted 10’ argue_that the smallest
window that could produce 2 match between the crime scene DNA and the: defendant’s -
DNA is at least as pertinent as any broader window that also produces a match and.to.
intraduce ‘appropriate statistics about the narrower window. - In pameular onercould. . . -
argue that the probative value of the closer match depends on the frequency with’ whlch
the minimally matching window produces matches in reproducxblhty stadies as eompared :
to the frequency corresponding within the reference: population. . (1. am mdebted to--.
William C. Thompson for this insight) - Cf infra Part OI{C) (lxkeh]mod ratio.as 8.
measure of probative value). But once the frequency. of match with 2 given window is
presented, merely introducing testimony that there exists another window that excludes
the defendant is not particularly edifying. See infra nots 65. ' :
65. Once a jury knows that the match window is large enough to ensure 1hat nlmost all e
duplicate measurements produce matches and that a defendant's VNTR fragments match -
the forensic sample in a way that would occur at a frequency of say, 1/100,000, in the
relevant population, it gains little or no useful information from hearing that the- frag-
ments do not match in a smaller window that would produce 2 smaller frequeney of say,
1/200,000, if they did maich. ‘.
66. In Perry v. State, 606 So. 2d 224 225 (Ala. Crim. ‘App. ]992), rhe appellate )
court reassured itself that a match declared by Lifecodes: was. aecepmble because .
Lifecodes’s match window “of 1.8%, was stricter than that used by the FBI . \_vlnch -
[is] 2.5 percent.” CY. State v. Pierce, 597 N.E.2d 107, 113 (1992) (ceun'mk's detérni-
nation of a match was not unreliable just because “other laboratories and ‘experts may
use somewhat different criteria.”). Such compatisons of these raw percentages, howev- -
er, are misleading unless the standard errors of the laboratories are comparable.- See
supra note 45. - Lifecodes’s standard error is smaller than the FBI's, which makes
Lifecodes’s window more lenient than the percentages would suggest. - :
67. Neither statistical theory nor legal doctrine dictates the ideal size of the wmdow
The former informs us that we can reduce the risk of falsely declaring-a match only by:
increasing the risk of incorrectly failing to declare a match. - Big match windows make -
for fewer false exclusions; small windows result in fewer false inclusions. With a match
window of two standard deviations per independent comparison, the risk that at least one
comparison out of ten for samples from the same person will not shaw a'match’is not
.05, but 1 - 95" = .40. Increasing the window to three standard deviations abviously
produces more matches when the samples being compared come from different people,
but it reduces the risk of failing to declare a match when the samples being compared . .
come from the same person to 1 - .99' = .10.  For mare sophisticated studies of real
data, see Berry et al., supra note 45, at 520 (match-binning with a window of ‘+2.5
standard deviations gives false exclusion rate of nearly 2% per-probe) and Tan W. Evett
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‘when it consnders the probatlve value of a matc B
* discretion to exclude this testimony .. :
" The appropnateness of the tule for dec]armg matches also comes mto i
play when the defendant seeks to prove that no match can be- decla.red S
under the usual matching rules. ®- Agam, it oﬁen will be the case that the .
exclusxon results from measu.rements that place a pmr of fragments well‘_-‘ ‘.

et al,, An Illustratmn of the Advantages af Efﬁamr S:amncal Merhods Jor RFZ.P BN
Analysis in Forensic Science, 52 AM. J. HUM.. GENEncs 498 502 (1993) {152 3-probe et
duplicate measurements produced 20% false exclusmns for a wmdow of +1. 295 and‘ )
"2.6% for a. window of +2%.). _ : CUL
As for legal doctrine, one might.think that some courts rcllance on‘a "two or du'ee e

standard deviation mule™ in d:scnmmauon litigation ‘should dictate the use ot‘ an interval 7
that spans the ‘sime number of standard deviations. This thought. should be res:sted o
First, the rule itself does mot mesh well w1th the more-probable-than -not ; ur ‘other .
evidentiary standards of proof. See, e.g., Davnd H. Kaye, Hyporkem .Tem:zg m the: .. ¢
Courtroom, in CONTRIBUTIONS TO THE THEORY 'AND APPLICATION ' OF STATISTICS s
(A. Gelfand ed. 1987); David H. Kaye, Is ProafafSta:tmcaI Significance- ‘Relevant?, 61 .
WasH. L. REv. 1333 (1986). ‘The two-standard-deviation rule for a nomlally dxsu‘lbuted Ll
statistical measure of the difference between two groups merely means that a l;hspanty of
at least that magnitde will occur, about 5% of the time that the mle is apphed to cases
where the disparity is a stausuca.l fluctation rather than a reﬂectmn of any real. dlspm-
ty. It says nothing about the frequency with which the rule wnll fail to identify true -
disparities when they are present, and it does not imply that one can be 95% “confident” B
that a disparity outside the 95% interval is due to an impermissible criterion. Td.; David .-
H. Kaye, Apples and Oranges: Confidence Coefficients Versus the Burden aof | Persuasion,.” ...
73 CORNELL L., REV, 54 (1987), Second, whatever may be the probability that a smg]e o )
measurement deemed “significant™ - under - the' two-standa:d-dewanun rule . |s due 10
chance, declaring that two samples of DNA match on five probes requires ten compari-
sons. As shown above, multiple comparisons give the ‘rule quite different statistical
properties. Instead of devising rules that treat relevant evidence as either admissible or’
inadmissible, as totally revealing or uttetly worthless, the law here should be concerned -
with conveying to the judge or jury sufficient information to.gauge the probatwe va]ue of
the evidence—the extent to which the various pairs'of fragment lengths match.

68, See Fed. R. Evid. 403. If all the defense can say is that a sufﬁclenﬂy small
window would not include the defendant, it is arguable that a.nythmg iess than exclusion
of the proposed testimony would be error. However, even if the defénse fails to
undertake a more careful analysis of the precise degree of matching and its implications,
the testimony about small encugh windows could prompt the prosecution 1o do so. See
supra note 64, And, since the prosecution should be able to demonstrate the tautological
nature of the defense argument, the danger of prejudice is not overwhelming. Conse-
quendy, a strict exclusionary rule may not be needed even in this simation, It suffices to '
leave it to the trial court 10 inguire whether additional analysis of the minimally matching
window gives a substantially. different picture than the frequéncy associated with . the
laboratory’s conventional match window. If it does, argument about the effect of smailer
windows should be allowed; if it does not, the tesumony invites -a pointless d:gresslon
and should be excluded.

69. It has been said that the exclusion rate for most laboratories is about 30%
Bernard Devlin et al., Sratistical Evaluation of DNA Fingerprinting: A Critique of the
NRC's Report, 259 SCIENCE 748 (1993). Some of the exclusioms have been dramatic.
See, e.g., Jonathan Rabinovilz, Rape Conviction Overturned on DNA Tests, N. Y.
TIMES, Dec. 2, 1992, at BS (man convicted of rape released after 11 years in prison).
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’ outs1de the match wmdow and not much wﬂl tum on the precxse. w1clth3
of the wmdow.“’“ But what happeus when the putative exclusmn isa:

~closer call? A narrow ‘match wmdow reduces the number’ of falsely St

included defendants at the cost of excluding a large number of guilty.
defendants whose DNA fragments no longer match" the crime sample ni.

Because there can be little dlfference between a pa1r ‘of bands that barely :.. U

falls into a match window and a pair that barely: falls outside the same -
window, to consider the former an mclusxon and the latter an exclusmn-'
would be misleading. To avoxd this outcome _analysts may be tempted" ‘

to designate such weak excluswns as mconcluswe. s Thus in.

evaluating a defendant’s effort to mtroduce non-matches as exculpatory
evidence, the judge or jury should attend to the degree of non-matchmg'
and not just the label, : :

The standard matching procedure, with fixed match windows, does not -
lend itself to this task, but other statistical procedures do. “They. rep]ace
the somewhat artificial match vs. no match dichotomy with an inquiry
into (a) the probability of finding the observed degree of congruence in
the crime fragments and the defendant’s fragments when all the fragments
come from the same person, and (b) the probability of finding this

70. Presumably, this was the case in Staie v, Hammond, 604 A.2d 793 (Conn. 1992).
In this unusual case, an FBI analyst testified on behaif of a man accused of rape.. The
analyst stated that the tests had been run propetly because the “female portion of the
DNA that came from the [semen] stain matched *exactly” with that of the victim,” while-
“neither the defendant nor the victim’s boyfriend could have contributed any part of the
semen stain on the victim’s underwear.” Even when the exclusions are clear, however,
there remains a non-zero probability that the samples came from the same source.
Consequently, occasional dicta like that offered by the Arizona Supreme Court.in State
v. Bible, 858 P.2d 1152 (Ariz. 1993), that “if samples do not maich, they must have
come from different individuals,” cannot be taken literally. ’

71. See supra note 67.

72. The term “inconclusive” is appropriate as apphed to testing that fa:ls to_produce
any measurements at all. See, e.g., State v. Woodall, 385 8.E.2d 253, 260 (W. Va.
1989) (holding that failure to match defendant’s DNA with the sample from a rape -
victim was irrelevant because the crime sample lacked sufficient high molecular weight
DNA. to make any comparison). It is more prablematic when used to designate a close
non-match, or worse, when used to dismiss selected pairs of length measurements that
almost match, so that a frequency of matches for the remaining probes in the population -
can be computed. Cf. NRC REFORT, supra note 15, at 61 (*When samples fall outside-
the match criterion, they should be declared to be ‘inconclusive’ or ‘nonmatching.’”).
For cases that may violate this precept, see Polk v. State, 612 So. 2d 381, 392 (Miss.
1993) (Cellmark’s expert “testified that seven of eight bands from Georgia Mae Thom-
as’s DNA met the criteria to be determined a match with the DNA obtained from the
blood on Polk’s underwear”) and State v. Quatrevingt, 617 So.2d 484, 492 (La. Ct.
App. 1993) (determination of a match was “supported by the evidence™ that “two of the
three percentages for probe DXYS14” fell within Lifecodes’s match window).
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congruence whe.n the fragments come: from d:fferem people.“ Before »

considering these resulting altematwes to categancal matchmg, however, B j_
we should investigate the second part of the current: mode of presentmg P
DNA test results i in court—est:matmg thie frequency of matchmg proﬁles S

. in some relevant population,

II. ESTIMATING MATCH-BINNING
FR...,QUENCIBS

If a match is declared “the wclght of the evndence depends on the : 3

prabability of such a result if the suspect is the source of the sample {an .:' E ‘
event that we may denote as 5), compared to the probability of a match o

if someone other than the suspect is the. source (0). Although some
experts seem to say that there is no chance of a false 1nc1usxou,7’ there are
scenarios that would produce such an error,™ and there " are reported _

instances of false posmve identifications.” In addition; even if the DNA -

fragments really are within the match window, there is some probablhty :
that other peop]e have fragments in this reglon Ifthe relatlve frequency :
of the incriminating fragment sizes is Iarge so that many people would
match, then the finding of a match is not very probative. Estimating the '
frequency requires some analysis of population data, and the adequacy of
such analyses is controversial. Furthermore, even if a co_rrect popu]ati'on
frequency can be found, there is a risk that it will be interpre;ed as the

73. See infra Part 1.

74. See, e.g., Richard Lempert, Some Caveats Concenuu,g DNA as Criminal !denttﬁ-
cation Evidence: With Thanks to the Reverend Bayes, 13 CARDOZO L. REV. 303 (1991},
See generally David H. Kaye, Comment, Quantifying Probative Value, 66 B.U. L. R.EV

761 (1986).

75. See, e.g., Fishback v. People. 829 P.2d 489, 492 (Colo. Ct. App. 1991). aff'd,
851 P.2d 884 (Colo. 1993); People v. Shi Fu Huang, 546 N.Y.S. 2d 920, 921 (Sup Ct.
1989).

76. See William C. Thompson & Simon Ford, in The Meaning of a Match: Sources of
Ambiguity in the Interpretation of DNA Prints, FORENSIC DNA TECHNOLOGY (M. Farley
& 1. Harrington eds,, 199G).

77. See State v, Bible, 858 P.2d 1152, 1180 n,16 {(Arz. 1993) (referring to reports of
errors in paternity determinations); Lempert, supra note 74, at 324-25; NRC REPORT,
supra note 15, at B8. But see People v. Mehlberg, 618 N.E.2d 1168, 1180 (Ill. App.
Ct. 1993) (testimony of Robin Cotton of Cellmark Diagnostics that reports of Cellmark’s -
erroneous attribution of maternity to 2 womar in Maryland are mistaken). There also
are instances of “clerical errors” in calculating the frequency of matching DNA patterns
in the general population. See Perry v. State, 606 So. 2d 224, 226 (Ala. Crim. App.
1992) (original three-locus frequency estimated to be 1/209,100,000 instead of
1/23,000,000 due to “clerical error™).
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arobability that someone other than the defendant 8 the source' of the
evidence sample . Asa result ‘the’ use of - match frequencnes or
probabilities has proved susceptible to cha]lenge 111 cotirt.

Martinez v. State” illustrates the type of | testlmony as to frequencles S

" or probabilities that has provoked objectxons In Martinez, Llfecodes_ ‘
Corporation “explained the significance of the match of DNA pattems L
in the following way: ‘ :

Q. And what would be the answer to that question'as far -as ‘the |

~ likelihood of finding another individual whose bands would matCu Sl

up in the same fashion as this? : C
A. The final number was that you would expect to find on]y one

individual in 234 billion that wou]d have the same bandmg pattern o o

that we found in this case.

What is the total earth populat:on 1f 'you know"

Five billion. ‘

This is in excess of the number of people today?

Yes. Basically that’s what that number ultimately means is that
that pattern is unique within the population of this planet_. 7 '
Is that consistent with your opinion earlier that the semen involved
in this case came from Fernando Martinez?

A. That is correct. , @

e P>O

it

The defendant, Martinez, argued that the introduction of this testimony
was error simply because “a figure 47 times larger than the world's
current total population was ‘nonsensical’; and it was so overwhelmmg
as to deprive the jury of its function in fairly appraising all of the ~
evidence.” The Florida district court of appeals rejected this broad-brush -
argument against small frequencies,‘ but other courts "ha_.vé ‘been more
sympathetic, especially when more focused arguments have been
advanced and supported by expert testimony for the defense.® Indeed,
the procedure for computing frequencies like the one in Martinez also has
inspired the sharpest debate about DNA evidence outside of the court-

78. See, e.g., People v. Shi Fu Huang, 546 N.Y.5.2d 920, 921 (Sup. Ct. 1989) (“If-
there is an adeguate and reliable data base, a forensic scientist can calculate that a match
did not occur by chance.”); Lempert, supra note 74, at 306; mfm text accompanymg
note 233.

79. 549 So.2d 694 (Fla. App. 1989)..

80. Compare Perry v, State, 586 So.2d 242 (Ala. 1991), with Snowden v. Sfate, 574
So.2d 960 (Ala. Crim. App. 1990).
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room, in the pages of sclemlﬁc journals._

“This section thercfore consxders several procedures for computmg the o i

frequency of an incriminating set of DNA fragmem lengths and the
statistical and legal objections that.can be raised. Part Il considers the
problems in using even an accurately determined populatmn frequency to
gauge the sagmficance ofa match :

A. Direct Estimation

How can one estimate the proportion of people in the relevant
population whose DNA fragments would be considered to match the set -
of measured lengths of the VNTR fragments derived from the cnmex“"
sample? One procedure recommended by several commentators® is
simply to sample people in the relevant population, analyze their DNA,
and report the number who match the crime sample.® - Thus, the |
laboratory might report that of the, say, N = 1,000 DNA samples it has ‘
analyzed, only the defendant’s was found to match the crime sample.
The National Research Council report recommends this approach atleast
for the time being.® '

81. See, e.g., Richard C. Lewontin & Daniel L. Hartl, Population Genetics in
Forensic DNA Typing, 254 SCIENCE 1745 (1991); David A. Stoney, Reporting of Highly
Individual Genetic Typing Results: A Fractical Approach, 37 J. FORENSIC ScI. 373
(1992) (recommending direct estimation supplemented by more theoretical methods). -

82. In deciding whether a sample of DNA in the database matches, the laboratory
should apply the same matching rule,” with the standard error applicable to inter-gel
comparisons, that it used to declare a match in the case at bar. However, a broader
match window for counting matches in the database counld only lead to an overestimate of .
the population propostion; it would not prejudice a defendant who objects-to DNA
evidence of a match. S

83. NRC REPORT, supra note 15, at 91. For no apparent reason, the recommendation
is limited to cases in which no multilocus maiches in the database are observed. Im
discussing this “counting” method, the panel also suggests that “an upper confidence
Yimit of the frequency should be used i count™ becavse “esimates used in forensic
science should avoid placing undue weight on incriminating evidence™ and “any loss of .
power can be offset by studying additional loci.” Id. at 75. The first reason, however,
begs the question: How does unbiased estimation place “undue™ weight on the evi-
dence? One could argue against the panel’s suggestion, with equal force, that estimates
used in forensic science should avoeid placing too little weight on incriminating evidence.
As for the panel's reliance on testing additional loci to enhance statistical power, such
testing would not increase the number of people in the database; consequently, it might
have no effect on power (as indicated by the width of the confidence interval), Further-
more, the panel misconstrues the meaning of the most common confidence interval when
it explains that “the traditional 95% confidence interval . . . implies that the true value
has only a 5% chance of exceeding the upper bound.” A 95% confidence interval is
computed according to a procedure that, if applied to many random samples from the
same population, would include the population proportion in about 95% of these
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: As the NRC panel observes, the advautage of direct esnmatron is that'
it requires no theoretrcal assumpttons (except in defmmgvthe refererice
population of possrble perpetrators) and no knowledge of the dependenc:es
among the restriction fragments. Even so, its use in court is subJect to -
at least three objecuons.“ For one, it grossly understates the ev:denual
value of the mcnmmatmg match.  As explained below, there s everyif_‘ ,
reason to believe that matches are far less frequent than 1/N. . Of course, v
this does not mean that the defendant should be able to exclude the ﬁgure _‘
of 1/N, which errs in his or her favor, but it counsels agamst a rule that:,'
would make it the sole mdlcatlon of the s:gmﬁcance of the mcnmmatmg s
match.% : : Sl
The second objection is that a random sample of the relevam‘
population is essential to a valid estimate, but existing databases are
convenience samples.® This point has been consistently rejected,_m"
court,¥ largely because it is felt that the distribution of VNTRs is no =
different in a convenience sample than in a random sample.® = Some- k

samples. Bach sample, and hence each interval, would be dlﬂ‘erent, and one cannot ‘say
that there is 2 95% chance that the population proportion lies within the one and only
available 95% confidence interval. See, e.g., DAVID S. MOORE & GEORGE P. Mc-
CABE, INTRODUCTION TO THE PRACTICE OF STATISIICS § 7.1 (2d ed. 1993). Despite
these flaws in the report, presen'ong a corfidence interval along with the sample frequen-
¢y of matches is desirable, since it conveys information about the uncertzinty in_the
unbiased point estimate, See Kaye, supra note 67. -

84. Another objection, having to do with the choice of the refercnce poptﬂauon, is
discussed infra text accompanying notes 349-208. .

85, Cf. C. Thomas Caskey, Comunents on DNA-based I"orensac Ana!yn.s 49 AM. J.
HuM, GENETICS 893, 894 (1991) (The use of direct estimation “would represent a loss”
of potential information available from the field of population genetics). - The direct
count frequency within a daiabase would be the same, of course, for a match at 20 loci
as for a maich with testing at only one locus. Yet, the probability of a random match at
20 separate VNTR loci is maay orders of magmmde smaller than that of a smgle locus
match.

86. See, e.g., State v. Bible, 858 P.2d 1152, 1186 (Ariz, 1993); People V. Molnt, 579'
N.Y.5.2d 990, 998 (Sup. Ct. 1992); Geisser, supra note 45. In “convenience sam-
pling,” individuals are included in the sample because they are easily accessible. Not
being the result of a procedure that gives every individual in the population a known
probability of being sampled, the statistical properties of convenience samples are not
well-defined. Lifecodes’s samples come from patemity cases, while the FBI and Cell-
mark Diagnostics rely on bloodbanks. See Weir, supra note 45. Efforts to broaden or
supplement the databases are underway. Id.

87. But see State v. Bible, 858 P.2d 1152, 1186 n.23 (Ariz. 1993) (observmg that
“frequency figures . . . are valid and accurate only if they come from a -truly random
samgple,” but purporting not ‘o rely on his consideration in holding that Cellmark’s
calculation was erroneously admitted); Commonwealth v. Cumin, 565 N.E.2d 440 °
(Mass. 1991) (evincing concern that “Cellmark compiled its Caucasian data base by .
testing 200 blood samples collected at a New York City blood bank”™).

88, United States v. Jakobetz, 747 F. Supp. 250, 261 .(D. Vt. 1990) (“Dr. Kidd
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research supports th.'s mtmtlon. L § :
Third, it could be argued as defendants challengmg other estrmates 5
of population proportlons have done that exrstmg databases are too small -

to permit useful estimates, Courts have also reJectcd thxs argument on the'i".;', e

strength of conclusory statements by geneuclsts ‘that sample sizes of a few
hundred are sufficient to perrmt reasanable estlmates. However, ﬂlﬂ“}'

" notion that some minimum size exrsts abave ‘which- all ‘estimates. ate *

reliable and below which none are hardly is in. keepmg wnh statlstxcal- o
theory Even a small sample can supply a foundatlon for: vahdly :
estimating the frequency ofa charactenstrc in a vastly larger populauon :
The appropriate reaction to the sample size concern is ncuher to reject the-

sample statistic out of hand nor to accept it w1thout qualms, but to press""- E

for a range of estimates mdlcatmg the-extent to whrch the calculatwn e

might vary from one such small sample to another.” | e .
In sum, direct counts of the frequency of the mcnmmatmg DNA

profile in the appropriate database ordinarily- should be - adrmssrb]e

Indeed, at least one court has exc]uded mdlrect estunates in favor of more g

direct counts.”

testified that the composition of the data base may be less rigorous when-the targeted -
genes or VNTRs occur randomly.”), gff’d, 955 F.2d 758 (2d Cir. 1992), cert. denied,
113 8.Ct. 104 (1992); People v. Shi Fu Huang, 546 N.¥.5.2d 920 (Sup. Ct. 1989)
(testimony from Lifecodes that a database of under 200 samples of university,smdents ‘
from mainland China “‘seemed’ to be from a random sampling™).

89, Bernard Devlin & Neil Risch, Ethnic Differentiation at VNIR Loci, wrth Specml
Reference to Forensic Applications, 51 AM. J. HUM. GENETICS 534, 545-46 (1992).

90. See, e.g., Jakobetz, 747 F. Supp. at 261 (“According to Dr. Kidd, onee it is
determined that the alleles are randomly distributed throughout a targeted population,
sample size can be decreased to as lile as 100 individuals.*); $# Fu Huang, 546
N.Y.5.2d at 921 (minimum size said to be 200). For a more carcful treatment of the .
issue, see Ranajit Chakraborty, Sample Size Reguirements for Addressing the Population
Geneiics Issues of Forensic Use of DNA Typing, 64 HUM, BIOLOGY 141 (1992) and
Ramajit Chakraborty et-al., Evaluation of Standard Error and Confidence Interval of
Estimated Multilocus Genotype Probabilities and Their Implications in DNA Forensics,
52 AM. J. HuM. GENETICS 60 {1993} (method for reporting match-binning frequencies
that accounts for sampling error),

91. On the appropriate statistical procedures for producing such interval esumates sce
Bruce S. Weir, Forensic Population Genetics and the NRC, 52 AM. J. HUM. GENETICS
437 (1993).

92. In Caldwell v. State, 393 S.E.2d 436, 443 (1990), Lifecodes's calculation what
frequency of genotype in population was 1/24,000,000 was replaced with the figure of
1/250,000 derived from the “more conservative approach {of using] the database itself,
and not ‘any population theory.”” Because existing databases are much smaller than
250,000, however, it not obvious how “the database itself” was used to produce the
1/250,000 figure.
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B Inferences ﬁa'm‘ “Al[ele Frequenaes

1. The Indepemi’ence Me:hod W‘th March W"ndaws Equat to _Bm.Wdths -
‘ Baszc Bms ‘

Direct estimates of ‘match frequencies - thet‘”give‘ vamshmglysmall e

numbers, ‘like those . in Mamnez, ‘have become prevalent deéspite” therr}_.‘-,
shortcommgs "The basic method..now employed for: mfemng the ./ -

“genotype” frequency -from “allele” frequencies presupposes mdepen— 3
dence™ of certain genetic characteristics and is therefore referred toas the o
“independence method.”™ The method involves three steps: estlmanngr -

“allele” frequencies, deducing “genotype” frequencies at each locus, and e

deducing a “genotype” frequency for all the loci. =

In the first step, for each DNA fragment, one counts the number of
indistinguishable (or similarly sized) fragments in the database. . This
counting procedure is often called “binning” because. it piles fragments
of slightly different sizes into distinct “bins.” To estimate the relaﬁve
frequencies of different sized fragments, forensic laboratories use either
“floating™** or “fixed™® bins.” DNA fragments of similar lengths that

93, Two events are independent if the occurrence of one is not associated with the
occurrence of the other. Cards, dice, roulette wheels, coins, and ‘balls in urns provzde -
classic illustrations. For example, if a coin is tossed vigotously twice, obtaining 4 head'
on the second toss is independent of a head on the first. When events are mdependent ;
the probability of their joint occurrence is the product of the probabilities of each event
if the coin is fair, the chance of two heads is (1/2)(1/2) = 1/4. .

94. Courts sometimes speak of a “product” or “multiplication rule” for mdependent
events, but this terminology is infelicitous, for there is another multiplication rule,

involving conditional probabilities, for dependent events. See, e.g., William Fairley & L

Frederick Mostelier, A Conversation About Collins, 41 U. CHi. L. REV. 242 (1974);
David H. Kaye, Statistics for Lawyers and Law for- Statistics, 89 MICH. L. Rev. 1520
(1591).

95. A floating bin is just the bar of a histogram certered on the length of a fragment
seen in the incriminating DNA. (A histogram is a bar chart in which the heights of the
bars represent the proportions of items in the range, or “bin,” covered by that bar) As
Weir & Gaut, supra note 47, explain:

Since any band of length s satisfying [the first equation of note 48]
would be said to match an evidence band of length ¢, a bin is construct- -

ed around length ¢ to contain all such leugths From this equation, =11
matching lengths d must sausfy

(T << ik

These ‘ﬂoating bins have approximate width 4o centered on the evidence - .
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“are put mto the same bm constuute an- "a!lele.'f?‘ For example, if Pi
denotes the. propornon ot' each “allele” generated: from these counts;, th L
'ﬁrst fragment might migrate a distance that puts it in a bin containing p,:; pa
= 1/50f all fragments for that locus. The only legal objectlons that can o ‘. R
be raised to the above procedure relate to the source: and sxze of the; EE

band Each band in the database is exanuned and those sausfymg [the_ e
first equation of note 48] are assigned to the bin for that cvndence band s
~In thig way the bin frequency is obtained. = - : o
96. A fixed bin i is a bar of a lustogmm established before refemng to any of the- o
observed fmgments s

A setof fmgmenrs of known lenglh are uscd as bm boundarn:s. These_'
fragments are- those produced by . dlgestmg viral DNA with restriction - -
enzymes, and the lengths serve as “sizing ladders™ on electrophoretic

_gels. For binaing, however, the important thing is that a set of bins are’
pre-defined with fixed boundaries. Once a match has been declared,. the
evidence band is assigned to-a fixed bin, Because there is uncemmly"
associated with the length e of the evidence band, 2 window of width 2«
centered on e is constructed, If this window lies wholly within a.fixed
bin, the band is assigned to that bin. If the window includes a. bin
boundary, it is not known to which fixed bin the true band length
belongs. It is known, however, that the true lengih belongs to only one
bin, and a conservative procedure is to assign the band to-the’ bm w1th
highest frequency. : ‘

Weir & Gaul, supra note 47. Consequently, “there is no logical basis.for the recom-
mendation of a recent National Research Council (NRC) report that the band be assxgned :
o a bin obtained by adding the two adjacent bins in cases of overlap.” Id. .

The advantages of fixed binning are that the laboratoty can estimate allete frequem:les
by consulting a table instead of performing new counts for each fragment in the crime-
sample. and that statistical tests can be apphed to the predefined bins to establish
independence. In practice, the FBI uses bins whose widths exceed the: ‘match window, -
thus producing overestimates of allele frequencies, -

97. In either case, the width of a bin should correspond to the lnbomory s mutching -
rule, using the standard error for inter-gel comparisons—an obvious precept that
Lifecodes failed to observe in People v. Castro, 545 N.Y.5.2d 985 (Sup. Ct. 1989), but
now abides by. See People v. Golub, 601 N.Y.S.2d 502, 504 (App Div. 1993), For~
an empirical comparison of fixed and floating bins, showing that, on average, fixed bins -
produce larger frequency estimates for DNA profiles, see Keith L. Monson & Bruce .
Budowle, A Comparison of the Fixed Bin Method with the . cating Bin and Direct Count -
Methods: Effect of VNIR Profile Frequency Estimation and Reference Population, 38 §.
FORENSIC SCI. 1037 (1993).

98. The term “allele™ is taken from other contexts where it refers to a form of a gene,
that is, a sequence of DNA that codes for observable traits. Two VNTR fragments of
the same length would be considered “alleles” even though their. base sequences might
differ and even though they do not code for any known traits, Moreover, since the
VNTR fragments in a database are clumped by size into bins, the bins contain a range of
differendy sized fragments. Therefore, a better term for a set of comparable. fragments
might be “binelle.” Cf. Bernard Devlin et al., Estimation of Allele Freguencies for
VNTR Loci, 48 AM. I. HUM. GENETICS 662 (1991) (procedure for deducing the frequen-
cies of fragments with the same numbers of tandem repeats from the dlstnbunon of
measured sizes). .
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database. 7o ‘ =

'The . second stage of the analysxs generatm the: freque cy:of -the
“genotype” at each VNTR locus.™ It is here that the first mdependence
assumraon comes into play.- Every person mhertts two chromosomw that

observed pair {1,]} of fragments. If the populat:on isin what genettctsts
call’ \Hardy»Wemberg ethbnum 1 then'™ the proportions . of” the
“allcles" -Temain constant from one generatxon to another, and the propor-
tion ot tlns “genotype” g = {1,_]} at a locus 1'is Just the product L

‘_Pr=2pipj ’ (1) o

99. The congreence of the database with the populauon of plausxble suspects wtuch is .
treated below, is also open to attack, Contrary to the opinion of the Nebraska Supreme -
Court in State v. Hounser, 490 N.W.2d 168, 183 (1992), Hardy—Wemberg equthbnum 0
see infra note 103, plays no role in the estimation of “allele™ frequencies. - .

100, -Simce no genes are involved and the operationally defined. “alleles” mclude a7
hodgepodge of true alleles, a more apt term would be “binotype.” Devlin et-al., supra -
note 98. In the usual terminology,’ huwever, a smgle ]ocus geuntype is the set of
“alleles™ detected by a single probe.

101. A single band will appear if a person’s mnther and father both Innsmxmd the
same allele {the person is homozygous) or if one band has not been detected, ;

102. As explained in Part ¥, each restriction enzyme cuts a long. DNA molectlle into -
much shorter fragments by c]eavmg a specific sequence of bases, and a probe’ bmds to.
those fragments that coafai. varying numbers of the consensus: seqience within’ these } G
restriction sites. Consequently, the distribution: of fragment sizes in- the population - .
depends on the enzyme and probe. After “digesting” DNA with one enzyme'and
applying a probe after elecnnphoresns and blotting, the probe can be washed from the:

DNA, and a probe that recognizes a different consensus sequence then can be applled
* This probe idertifies a length variation that starts at another locatmn or. "locus alnng
the DNA moalecule.

103. Hardy-Weinberg equilibrium follows ngorously under ﬂJree cundmons (l) a PR
" Mendelian pattern of inheritance (no mutation and alleles segregate independently); (2) s
10 selection (the expected number of fertile progeny from a mating that reaches maturity -
doés not depend on the genotype of the mates); and (3) an infinite, unstructured popula-
tion (i.e., matings and genotypes are uncorrelated in an infinite population). See, ¢.g.,

L.L. CAVILLA-SFORZA & W.F. BODMER, THE GENETICS OF HUMAN Pomumons .
(1971).

104, The converse is not true;” Hardy-Weinberg equilibrium - is not a-.necessary
condition for independence of alleles at a locus. Independence can exist in the presence
of selection or non-random mating. - See Richard €. Lewontin & C.C. Cockerham, The
Goodness-of-Fit Test for Detecting Natural Selection in Random Mating Populations, 13
EVOLUTION 561 (1959); C.C. Li, Pseudo-random Mating Populations. In Celebration of
" the BGth Anniversary of the Hardy-Weinberg Law, 119 GENETICS 731 (1988). .

105. The facior of 2 reflec's the-fact that “allele” i could lic on the chromoesome
inherited from the mother and j on the one from the father, or vice versa. In othier -
words, the “genotype™ could be written (i,j) or (,i), where the first “a]lele is from the "
matemal chromosome and #he second is from the patermal one. See supra note 43.-Ina ~ .
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Thus if the first fragmem at a locus is in‘a’ snzerange that contams 1/
-of all the fragments fromthxslocus andthe second fragment atthlslocus,
falls in 2 bin that: contams 1/10°of, the fragments seent for people in th' S
populanon then- the relal:lve frequllcy of the genotype {1 2} a.t thls s
locus 1 would be P, = 2(1/5)(1/10) 1/25 o |

Inmally, various experts argued that the number of homozygotes—m
dividuals with apparently equal fragment lengths at a lociis—exceeds the

expected value under ‘the assumptlons of a Hardy-Wemberg eqmllb_ S
um.'® The argument swayed several counts,'” ‘and, indeed, most
. opm:ons that quesnon the population frequenmes doso because of expres
 doubts about the Hardy-Weinberg eqmllbnum a.\;sumptmns.“’s “To some:
.courts this is the sole debatable link in-the ‘chain of reasoning t.hat,‘"
produces genotype frequency estlmates.“” In reply, the FBI and other‘

" populationin Hardy-Weinberg ei]uihbrmm, the;'ﬁrst ‘situation océurs in, a-fraction pp,
the population, as.does the second. Therefon:, the proportion: which is eitker Gij) ot G
is 2PPJ If a DNA sample gives rise.to_only one. “allele, i,;it-may be because ‘the:
person mhented the same “allele™ from both paremss. Homozygoslty, -as ﬂus is called. -
can happen. only oue waya-(l i)—so its relative frequency -is p3: However, it-is: also»‘
poss:ble that the ‘person is henemzygous but has a° "mull allele” l:hat escapes detecuon"‘r-
(2.g., because it is very small and runs off the gel) or has al!eles that- “coalesce™ on the - P
autoradmgraph because the two alleles are very. close together.  See EM. Snembelger et
al.,.On the Use of Excess‘Honwzygo.my for Subpopulmmn Detection, 52 AM. FoHOM, -
GENETICS 12'75 (1993). When loci show only ‘one’ “allele,” -the FBI uses the. ﬁgure 2_p,,‘ O
,whmh oversmes the “genotyse” frequency under either scenario; Lifecodes uses Zp," for- ;

‘ enzymes that rafely if ever produce null alleles and 2p; otherwise. . S Sy

106: See Caldwell v. State, 393 S.E.2d 436, 443 (Ga. 1990) (testimony of Jung Cho: Tk
that 'Lifecodes’s database indicated ‘a populauon that. -was not -in. Hardy- Wemberg e
equilibriumy; .Joel E. Cohen, DNA F'mgerpnnung for Forensic Idenr[ﬁcanon “Potential .-
Effects on Data Imelpremnon of Subpopulation Heterageneuy and Band Number.. -
Variability, 46 AM, J. HUM. GENETICS 358 (1990); Eric S. Lander, DNA Fingerprinting . .
on Trial, 339 NATURE 501, 504 (1989) {editorial noting “spectacular deviations from -
Hardy-Wemberg equilibrium™ in - Lifecodes's dara, mdlcaung geneucally dlsunct‘ .
subgroups within the Hispanic sample™). Lo

107. See, e.g., State v. Bible, 858 P.2d 1152 (Anz 1993) (mlsxeadmg an expert' 5 -
explanation of excess homozygosity as a concession that her calculatior of thie population
frequency was not based on a generally accepted method); State-v, Pennell, 584 A2d .

513 (Del. Super. Ct. 1989) (fact of Celimark’s mmtch in serial murder case admissible .

under reasonable reiiance test, but maich probability of £/180,000,000,000 inadmissible -
due to excess homozygosity indicating lack of Hardy-Weinberg equilibrium, *and
questionable binning procedures). Oddly, the claim of “statistically significant deviations
from Hardy-Weinberg equilibrium™ continues to impress couris even though, as indicat-
ed below, the scientific debate has ceased. See. e.g., State \Z Cauthron. 846 P.2d 502 :

515 (Wash.  1993).

108. See, e.g., Bible, 858 P.2d 1152; Pra.ter v. Smte 820 S.W 2d.429, 438 -39 (Ark
1991); Caidwell, 393 S.E.2d 436.

109. See, e.g., State v. Wilson, 817 P.2d 1136 (Kan. App. 1991) (opnuon desxgnnted .
not for publication} (where FBI agent “testified at trial the formula used in calculahng( :
the frequency of a particular DNA band was based ‘on standard probability theory. and
derived from the Hardy-Weinberg. equilibrium, which has been medified to compensate




a “'1‘26 S Harvard Joumal of Law & Technolo '

- scientists argued that excess homozygo ty resu!ted f;om an lmperfect
Measuring: process rather: than ; a dlseqmlxbnum if_.‘-In;.-the*:jensmng
technical debate,'!! cntlcs retreated from the clzum of £XCESS homozygosze o
* ty to the weaker claim. that the stanstxcal tests are not powerful enough to.-' o
disprove the hypothesized lack of mdependence. 12 “Thig, fallback position * -
has grown increasingly untenable as’ more. stﬁdxes report substannal_;"'_- o
equilibrium at most loci."® ERERREE : B
The real 1ssue, however is not statlsucal mgnxficanee”"“ but raiher‘.‘ R

for limitations in forensic DNA proﬁ]mg, and defense expen. a pmfessor of, bm!ogy at“
Kansas State University, testified that sample population -was, not in I-laniy Wembexg L
equilibrium, : the conflicting. testimony did “not . conclusively . shuw those Tesults ‘are ..
unreliable, and disagreement goes “only 1o the weight of the test results.");" Mnndu_lano' o
" v. State, 799 5.W.2d 318 (Tex. Ct. App. 1990).  For a particularly garbled account, see ~ -~
Martinez v. State, 549 So0.2d 694, 695 (Fla. App. 1989) (descn‘bmg “the Hardy-Wem- S
berg equilibria™ as “an established statistical data base” and thenas a. “formla”).; " v
110. See Bernard Devlin, Nei! Risch & Kathryn Roeder, No Exccss of Honmzygo.my a:, Sk
Loci - Used for DNA Fingerprinting, 249 SCIENCE 1416 (1990).. The FBI attributes the
excess of apparent homozygotes in its database to “technical problems which. sometlmes v
show only one band exhibited from a heterozygote fas when-a' band i ls 50 sma.ll itmuns i
Tight off the gel, or 2 bands occur so close to one another so as to appear as a smgle
band.” People v. Mohit, 579 N.Y.S.2d 990, 996 (Sup. Cr.’ 1992). : Celno T
111. See Joel E. Cohen et al., Forensic DNA Tests and Hardy-Weinkerg Eqmlzbnun., RN
253 SCIENCE 1037 {1991); Philip Green & Eric S. Lander, Forensic DNA Tests and
Hardy-Weinberg Equilibrium, 252 SCIENCE 1038 (1991), Bernard Devlin et al., Forensic. =" -
DNA Tests and- Hardy-Weinberg Equilibrium, 252 . SCIENCE 1039 (1991). _See also =
Ranajit Chakraborty et al., Apparen: Heterozygote Deﬁcxmcze: Observed in DNA Typing
Datg and Their Implications in Forensic Applications, 56 ANN. HUM:: GENETICS 43
(1992); Ramajit Chakraborty, Statistical Interpretation of DNA Typing Data, 49 AM. J.
HuM. GENETICS 895 (1991); Ranajit Chakraborty & L. Jin, Heterozygote qucmu.y.
Population Substructure and Their Implications in DNA Fingerprinting, 88 HuM.
GENETICS 267 (1992); Bernard Devlin & -Neil Risch, ‘A Note- on Hardy-Weinberg -
Equilibrium of VNIR Data by Using the Federal Bureau of Invemganon 's Fitred-Bin .
Method, 51 AM. J. HuMm. GENETICS 549 (1992); Bruce S. Weir, Independence of VNIR .-
Alleles Defined as Floating Bins, 51 AM. J. HHUM. GENETICS 992 (1992) (all defendmg
reliance on Hardy-Weinberg equilibrium). .
112. See Etic S. Lander, Reply, 49 Am. I. Hum. GENEﬂCS 899, 900 (1991) (“Critics
. .. reply that such tests have insufficient power to detect deviations [from Hardy-
Weinberg equilibrinm] if present™; of. Seymour Geisser & Wesley Johnson,  Testing
Hardy-Weinberg Equilibrium on Allelic Data from VNIR Loci, 51-AM. J. HUM.. .
GENETICS 1084 (1992) (proposing other statistical procedures for assessmg indepen-
dence).
113. Far the view that statistical tests with substanua] power demonstrate the mdepen—
dence of VNTR alleles, see, for example, Bruce Budowle et al., Religbilily of Statistical
Estimater in Forensic DNA Typing, in DNA ON TRIAL: GENETIC IDENTIFICATION-AND -
CRIMINAL JUSTICE 79, 8§7-88 (Paul R. Billings ed., 1992). (summarizing = studies);
Chakraborty, supra note 90, at 155-56; Bruce S. Weir, Independence of VNIR Alleies
Defined as Fixed Bins, 130 GENETICS 873 (1992); Devlin et al., supra note 69; Kathryn
Roeder, DNA Fingerprinting: A Review of the Controversy § 3.2.1 (1993) (unpubllshed
manuscript, on file with the author) (summarizing studies). -
_114. An observed discrepancy would be “statistically significant™ if the probablhty of
observing so large a departure from equilibrium when, in reality, the populauon is i
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__.praetlcal or substannve mgmﬁcance Whﬂe a sma]l or moderale :
departure from equilibrium may not be detectable in the existing data, it

may, at the same. tlme, make ‘no meamngful dlfference to the mam:h« S

‘binning frequencies.™S Tn this' regard simulation studies mdlcatmg that .
any departure from independence has mmor effects on’ match«bmmng '

frequency estimates support s1mp]e mulnphcanon of “allele” frequ-cxes S

to find the “genotype” frequencies: at each locvs. 16

After estimating “allele” and “ genotype frequencneé, denoted be P. S

at each locus 1, the Tinal step in: the mdependence method requnes
combining the various P, 'Ilns procedure - generates the ;elgmve
frequency of the total “genotype” G {81,82:85 84,85} foramatch at five
loci. If “linkage eqmlxbnum a situation in which there i lS no correlatlon :

between “genotypes” at different loci, anses, the frequency of the pattern-

for all the Joci resembles the outcome. of a series of coin ﬂ:ps Ttis the o |

product of the frequencles at each locus::

2. The Population Structure Objection

The most powerfui criticism of tins sxmp[e caleulation. concerns the
population structure“"—the presence of subgroups w1th varying DNA; .

equilibrium, falls below some threshold, like 0.05.

115, For this reason, it can be misleading to insist that “the pmduct mle canenly o -

be applied when the pairs of alleles are statistically independent,” -Geisser & Johnson,
Supra mote 112, at 1084; or that “the validity of the multiplication rule depends on the -
ahsence of population substructure, because only in this special case are the different
alleles statistically uncorrelated with one another.”-'NRC REPOKT, supra note 15, at 79.
116. See Devlin & Risch, supra note 89; Even et al., supra ncie 67, at 502 (simola-
tions of 1.2 million false accusations for all pairs of three probes in Caucasian database, -
like previous experiments with other databases and probes, showed that “the assumption
of pairwise independence between probes has no unacceptable practical effects™); lan W,
Evett, DNA Statistics: Pusting the Problem into Perspective; 33 JURIMETRICS J, 139

(1992) (exhaustive pairing of 1500 Caucasians tested at three loci to generate over a -

million between-person comparisons to simulate cases of false accusations and estimating
frequencies of matching profiles assuming independence gave nine false matches, most of -
which had match frequencies larger than 1/100); Ian W. Evewt & R. Pinchin, DNA .
Single-Locus Profiles: Tests for Robusmess of Stotistical Procedures Within the Context
of Forensic Science, 104 INT'L J. L. & MED. 267 {1991); Bruce §. Weir, Independence .
of VNIR Alleles Defined as Floating Bins, 51 AM. J. HUM. GENETICS 992 (1952); .
Berry et al., supra note 45 (bands are independent at one locus, but measurement errors
are correlated). But see Weir, supra note 113, at 886 (disequilibrium found for some
bins at some loci for smgle-fragment measurements in FBI Hlspame and Black databas-
es).

117. See United States v. Jakobetz, 747 F. Supp. 250, 263 (D, Vt. 1930)
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patterns that tend to mate among themselves ug: Tlus structure contradlcts i ‘ '. )
: the assumptions that guarantee mdependence of alleles ata spec:ﬁc locus: - -

(Hardy-Wemberg equilibrium),'” and casts- a doubt 011 the vahdlty of
multiplying “genotype” frequencies across loci.;. Dependmg on the
intercorrelations of “alleles” within subgroups, the full - genotype“
frequency P in the broad population may be higher, lower, or even the
same as P,P,P,P,P,.  Likewise, depending on the details of the populat'ion
structure, the multilocus “genotype” frequency mapartlcular subpopula- -
tion may be higher, lower, or the same as P,P2P3PJS. : ‘ '
But how much higher or lower? At present, ‘it is doubtful that -
population structure makes much of a difference. Of course, the
independence assumptions do not hold rigorously.- Few assumptions in -
applied mathematics or statistics do. Since almost all scientific work
proceeds on the basis of simplifying assumptions, the question is whether
the simplification produces satisfactory approximations. Thus, some
medical geneticists argue, often on the basis of impression,. that the
degree of population structure is modest"“ and that overestimates at some
loci are likely to be countered by underestmates at others, so that the use
of the final product wiil not systematxcally disadvantage defendants,’!

(“[Slubstructure is arguably the weakest link of the DNA profiling chain.”), a_ﬂ'_’il. 955~
F.2d 786 (2d Cir. 1992), cert. denied, 113 U.5, 104 (1992); see also NRC REPORT,
supra rote 15, at 79 (“[Wihether actual populations have significant substructure for the . .

loci wsed” is “the key question.”). But see Peter Donnelly, Discussion of Paper by =

Berry, Everr & Pinchin, 41 APPLIED STAT. 521, 524-25 (1992) (presenting a theoreucal
basis other than population structure to suspect dlfﬁcult to’ demct cotrelauons acmss .
loci). :

118. Lewontin & Hartl, supra note 81; Cohen, supra note 111.°

119. Despite the representations of some experts testifying in support of FBI findings
of matches, the mere fact that people do not consider the VINTRs of their sexual partners
does not satisfy the “random mating” assumptions behind Hardy-Weinberg equilibrium.
See supra note 103. In Jakoberz, 747 F. Supp.at 260, for instance, the district court
observed that “Dr. Lewontin did discredit the government’s- experts who casnally
concluded that VNTRs must randomly occur throughout the population because individu-
als do not comsciously consider VNTRs when they choose their mates.” - Even after this. |
rebuke, however, the FBI appears to have continued to advance this simplistic argument.
See, e.g., People v. Mohit, 579 N.Y.S.2d 990, 996 (Sup.- Ct. 1992) (“The FBI, in
supporting its ¢laim of Hardy-Weinberg, argues that mating is random since individuals.
are not aware of their parmer's VNTR patems.”). However, unless some ‘other
characteristic affecting mating within subgroups is correlated with VNTRs, the observa-
tion implies that each subpopulation is in equilibrium.

120. See, e.g., United States v. Yee, 134 F.R.D. 161, 185-87 (N.D. Ohio 1991). e

121. See, Id. at 187 (testimony of Stephen Diager and Kepneth Kidd); Mohit, 579
N.Y.5.2d at 997 (testimony of Michael Conneally). - Support for these impressions may -
be found in Weir, supra note 113, which presents four-locus “genotype” frequencies for
VNTR patterns computed according to “allele” frequencies in all possible pairs of Black, |
Cancasian, Florida Hispanic and Texas Hispanic databases, and concludes: -
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‘Moreover studies of the frequency of matchmg‘ “alleles fdr larg‘e"‘_
rumbers of pairs of different people in ]abt‘yratory da.tabases seem to show-
no false matches across four or five loci and rates of matches on subsets
of loci that do ot depart markedly from the expected values glven_ .
independence of “alleles” across loci.'2 L

Accumulating evidence supports the mdependenoe of the VNTR- o
loci.” Yet, because of the lack of dramatic differences in the frequen--
cies of VNTR alleles across ethnic subpopulations,'® and because of the
small differences attributable to using an inapposite racial database in"

~ Althcugh different bin frequencies lead to . different. four-locus
estimated frequencies, the differences are rarely more than two oxders of -
magnitude, ‘and generally less than one arder of magnimde. It is as .
though frequency differences tend to cancel each other—some. fragments
are more frequent in ope database while others are less frequent. -

Id. at 885. i .
122, See George Herrin, Jr., Probability of Matching RFLP Patterns ﬁ'am Unrelated
Individuals, 52 AM. J. HuM. GENETICS 491 (1993); Neil J. Risch & Bemard Devlin,
DNA Fingerprint Motches, 256 SCIENCE 1744 (1992); Risch & Devlin, supre note 45.
From this analysis, these biostatisticians conclude that “[t}he observed lndependence of U

ruatching among loci, both in the FBI and Lifecodes data sets, provides no support for.
claims of linkage disequilibrium witkin ethniz groups. Indced, if linkage disequilibrium :
among loci does exist, it has litfle effect on the probability of two_random individuals:

having matching genotypes.” [d. at 719.  See also Weir, supra note 113, at 997 (“By L

randomly generating many profiles, however, ‘this stidy has demonstrated that .
whatever levels of dependence 'do exist are-umnlikely to have a meamngful impact on-‘
forensic calculations. ™). i
123, See, e.g., Devlin & Risch, supra note 89; Berry et al., supra note 45.- But r._'f R
Weir, supra note 113, at 886 (some two-locus associations found at .05 but-mot .01

significance level for some single-fragment patterns in FBI database for Blacks, but even = v

these associations disappeared when only double heterozygotes were considered).

124, See, e.g., Devlin & Risch, supra note 89. I is also suggested that genctype
frequencies differ more among groups than within ethnic groups. ~ Ses Ranajit
Chakraborty, NRC Report on DNA Typing, 260 SCIENCE 1059 (1993) (lener insisting
that “the extent of regional difference within a racial group is far Jess than that between
races™ and that “analysis of hypervatiable DNA loci [demonsteate that] the mean kinship®
within race is 0.4%™ which is “less by an oxder of magnitude . . . than for blood groups
and isoenzymes™); Bernard Deviin et al., NRC Report on DNA Typing, 260 SCIENCE -
1057 (1993) (letier asserting thar “the estimate of diversity based on variance .of allele - -.
frequencies among subpopulations is usually quite small—approximately - 0.1%7); '
Bemard Devlin et al., Statistical Evaluation of DNA Fingerprinting: A Critigue of the
NRC’s Report, 259 SCIENCE 748, B37 (1993), Contrg Daniel L. Hanl & Richard C.
Lewontin, DNA Fingerprinting Repor:, 260 SCIENCE 473, 474 (1993) (letter :assen‘ing'
that “there is approximately as mmch genetic variation among ethnic groups within major .
races as there is among the races™). This last statement from Hartl and Lewontin seems
to recognize that their criginal claim of substantially more genetic variation among ethnic -
subgroups within races than across the races was overstated. - Lewontin & Hard, supriz
note 81, at 1745 (paper typically cited in opunons holding that popnlatlon structure is 50
serious or controversial a problem that big bin eompmamns are madm:ssnble)
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simulation studles of false matches s the controversy over the nnphca—‘
tions of populatlon structure for the independence method lmgers on.'”.
As one might expect, the debate is not easy. for the courts to untangle _
In People v. Pizarro,'® for instance, the California court of appeals- 3
quoted at length from various scientific pubhcatlons and submmsmns and; g
lamented: : "

The difficulty is, where does this place us? ‘It places us in
the middle of the conflict as to whether or not the basic
theory of population genetics 'involving ‘broad racial and
ethnic groups as opposed to the argtuneiut of substructure
has any general acceptance in the relevant scientific commu- -
nity—a conflict which we cannot resolve on the present
record. ' '

Neither does the NRC study settle the issue. To the contrary, it pointedly - |
avoids it. Unable to agree that the population structure objection is valid - -
for VNTRs, the panel simply “decided to assume that population ‘
substructure might exist” and to propound one particularly “ conservanve
method to respond to this hypothetlcal pmblcm 1 - ‘

125. See, e.g., Ian W. Evett, DNA Sratistics: Putting the Prob!em‘ into Perspective,
33 JURIMETRICS J. 139 (1992) (using Afro-Caribbean instead of Caucasian database to
estimate three-locus profile frequencies in one million simulated cases of false accusa-
tions raised the false match rate from 9 to 16 per million). - Such studies demonstrate that

the “potential error rate” associated with the independence method welghs in favor of

admitting such computations. See supra note 30 {Daubert consnderaﬂons for discern-
ing “scientific knowledge”).

126. See John Brookfield, Law and Prababxlmes 355 NATURE 207 (199&) Rana_ut
Chakraborty & Kenmeth K. Kidd, The Utility of DNA Typing in Forensic Work, 254
ScCIENCE 1735 (1991); Christopher Wills, Faren.rtc ‘DNA Typing, 255 SCIENCE 1050
(1992); Richard A. Nichols & David J. Balding, Effects of Popwlation Structure on DNA
Fingerprint Analysis in Forensic Science, 66 HEREDITY 297, 301 (1991); Bruce S. Weir,
Discussion of the Paper by Berry, Evett & Pinchin, 41 APPLIED STAT. 521, 528 (1992);
¢f. Donnelly, supra note 117. Compare Daniel L. Hanl & Richard C. Lewontin, DIVA
Fingerprinting Reper:,. 260 SCIENCE 473 (1993) with B. Devlin et al., NRC Report on
DNA Typing, 260 SCIENCE 1057 (1993} (exchange of letters on genetic variability within
ethnic groups of racial populations as opposed to the varability across populations, and .
on the interpretation of Dan E. Krane et al., Genetic Differences at Four DNA Typing
Loci in Finnish, Italian, and Mixed Caucasian Populations, 89 PROC. NAT'L ACAD. SCI.
10583, 10585 (1992), discussed infra note 201, on allele frequencies within certain
ethnic groups).

127. The tendency of courts to cite the opinions of other courts rather than scientists
for scientific propositions and to lag behind the rapidly accumulatmg scientific literature
combine to exascerbate the problem.

128. 12 Cal. Rptr. 2d 436, 456 (Ct. App. 1992).

129. - NRC REPCRT, supra note lS at 94 See also id, at 80 (“the commitice has
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Even before the NRC commlttee spoke conservatwe”"“ altematlves g
for computing the match-binning “genotype”. frcquency ‘P-had been = =
advanced—and implemented—to counter the population structure concern. L

With the NRC’s recommendations for even greater caution, the pregsu:e'ff
- to overestimate population frequencies has increased. The opinion of the

Supreme Judicial Court of Massachusetts, in . C‘ommorzwealth AR
Lanigan," illustrates how compellmg the calls for caution can be. In

disposing of matches with population fréquencies on the order of one in "

several million, the Massachuset's court explamed that “[t]he national call
for considered, conservative approaches to DNA testmg, such as the use; ‘
of ceiling frequencies, and the absence of such an approach in the present’ '
cases, underscore the wisdom of the motion Judge in exc]udmg the testf
evidence,”'® v i
“~However, it may not be so wise to compel the experts to- bend over
backwards in computing population frequenmes. A more accurate

estimate of the interval in which the true frequency lies may be uf more .

assistance to the- jury, or a somewhat different, but still conservanve' L
procedure, may be superior to the NRC "t:ommittee ~proposal. - For "
example, a series of recent papers show how to inéorpdratg existing

information on population. substructure into <_.:sﬁmz).te‘si of‘ popxﬂé;ion"_

frequencies.™ Before courts or legislatures decide an which metlmdcilbgy } :

chosen to assume for the sake of discussion that pupulatlon substructure may exist and
provide a method for estimating population frequencies in a manner that adequately
accounts for it,”),

130, A “conservative™ estimate of an allele frequency is an esumate that is too l.'uge
and hence biased in favor of defendanmt. See, e.g., Commonwealth v, Lanigan, 596
N.E.2d 311, 316 (Mass. 1992). :

131. H. -
132. M. at 316,  See also State v.. Cauthron, 346 P.2d 502, 5]7 (Wash, 1993) '
(remanding for a determination of whether “the empirical evidence utilized by Ceilmark

is valid under the crtieria set forth by the [NRC] Committee™).

133, See, e.g., David Balding & Richard A. Nichols, DNA Profile Match Probabmo'
Calculation: Haw to Allow for Population Stratification, Relatedness, Database Selection
and Single Bands (Mar. 24, 1993} (unpublished manuscript, on file with the author)
(ptoposing a procedure that estimates -genotype frequency within a subpopulation or
among relatives using measures of interpopulation variation in allele frequency, said to
be superior to the “complicated, ad hoc and overly-conservative” ceiling principle);
AW, Sudbury & J. Marinopoulos, Assessing the Evidential Value of DNA ‘Profiies
Marching Without Using the Assumption of Independenr Loci, 33 J. FORENSIC §C1, SoC'Y .
73 (1993); James F. Crow & Carter Denniston, Population Genetics as It Relates to
Human Identification, PROC. FOR THE FOURTH INT'L SYMP. ON HUM. IDENTIFICATION
(forthcoming 1994) (describing a procedure that incorporates existing data on population
sttucture into computations of the reference population -frequency); Bruce S. Weir,
Conditional Genotypic Frequencies in Forensic Analysis, Paper presented at the Nat'l
Institute of Statistical Sciences Forum on DNA Fingerprinting (Oct. 21, 1993) [describ-'
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to accept they should consider the full gamut of conservatlve approaches j‘:, -
and their relation to the basic independence method. - With the essential

features of these “overestimation” methods elucxdated we shall retum to
the population structure abjection to match—bmnmg frequencxes '

3. Overestimation Methods

Independence with Big Bins, The FBI and other proponents of the
independence method have responded to criticism of the equilibria
assumptions with a form of confession and avoidance. They concede
that, strictly speaking, the assumptions do not hold, but they argue that ‘
any plausible underestimate of the genotype 'frequen'cy‘ is avoided by the
intentionally “conservative”™ aspects of match-binning as practiced by the
FBI. Such practices include using big bins relative to match windows,
combining bins so that none contain less than 5% of the alleles in the .
population, and treating a fragment near a fixed bin boundary as if it falls
within the larger bin."™ Many courts have accepted the assurances that ‘
these adjustments are more than generous and have held: genotype
frequencies obtained with the big bin variation of the mdependence
method as admissible., ' '

Guessing. A few courts have demanded more. In People v. Mokit,'
an Iranian-born physician was indicted for rape and sexual abuse of a
patient during an office examination. FBI testing revealed a match
between the crime sample {(a vaginal swab) and a sample of Dr: Mohit’s

ing another procedure to incorpate data on population structure and the possibility that
the suspect and the perpetrator belong to the same subpopulation).

134. See, e.g., Springfield v. State, 860 P.2d 435 (Wyo. 1993) (testimony of Michael
Conneally that “the conservative approach of binning . . . more than makes up for any
small differences there might be”); Bruce Budowle et al., Fixed Bin Analysis for
Statistica! Evaluation of Continuous Distributions of Allelic Data from VNIR Loci, for
Use in Forensic Comparisons, 48 AM. J, HUM. GENETICS 841 (1991); Ranajit Chakra-
borty, Statistical Interpretation of DNA Typing Data, 49 AM. J. HUM. GENETICS 895,
896 {1991) (letter); supra note 105 (use of 2p mather than p* in cases of apparent
homozygosity); Newton E. Morton, Genetic Structure of Forensic Populations, 89 PROC,
NAT'L ACAD. SCI. 2256 (1992). The NRC Report favors combining the two adjacent,
fixed bins when a fragment lies near the boundary between them. Why this is preferable
to selecting the bin that has the larger frequency is mysterious. See, e.g., Monson &
Budowle, sipra note 97, at 1043; supra note 96. :

135. See, e.g., United States v. Jakobetz, 747 F,Supp. 250, 259-61 (D, Vi. 1990),
aff'd, 955 F.2d 786 (2d Cir. 1992), cert. denied, 113 85.Ct, 104 (1992); United States v.
Yee, 134 F.R.D. 161, 182, 210 (N.D. Ohio 1991); State v. Futch, 860 P.2d 264 (Or.
Ct. App. 1993). Conrra, e.g., Commonwealth v. Lanigan, 596 N.E. 2d 311 (Mass.
1992). :

136. 579 N,Y.S.2d 990 (Sup. Ct. 1992).
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blood. The FBI reported that “the probability of such a mé.tch"bccurﬁng _
in the United States was 1 in 67,000,000 for Caucasians, 1 in 79,000,000
for Blacks, and 1 in 14,000,000 for Hispanics.” . While the conservative
features of the FBI’s binning did not satisfy.the‘tria] court, the court was
not prepared to exclude a sufficiently . conservative estimate: of the
genotype frequency. Thus the court proceeded to press the goyefnment's
expert, a medical geneticist, for “the most conservative possible estimate‘ .
conceivable.” ™ The court then held the figure of 1/100,000 supphed by
the geneticist'™®® to be admissible instead of the 1/67, 000 000 obtamed via
the independence method with big bins.

As a general matter, pressuring experts to raise then' esumatcs untﬂ"
it is believed that the genotype frequency cannot go any lower lacks a -
certain e]egance Other seat-of-the-pants judgments by experts are not
much better.” :

Independence with Ceilings. Big bins and other ad hoc adjustments -
are disquieting. In the absence of direct studies of the variance of VNTR
“alleles” and “genotypes” across subgroups of broad racial and ethnic
populations and its effect on estimated match frequencies, itis 1mposmble,
a few scientists say,' to know whether the overestimation of “allele”

137, Id. at 999.

138. The precise basis for the estimate of 11100 000 is not clear from the opinion.
Michael Conneally, on whom the court relied, had opined that-“the highest degree -of
dependence between genotypes on separate chromosomes could not possibly exceed
10%." Id. at 998. “Factoring the 10% correlation into the multiplication of the 4 -
genotype frequencies, Conneally came up with . . . 1 in 22 million.” Jd. He provided:
the 1/100,000 figure when the court demanded that he be still more conservative, :

139. Compare Peaple v. Shi Fu Huang, 546 N.Y.5.2d 920 (Crim. Ct. 1989} with"
Mohit, 579 N.Y.8.2d 990. In Ski Fu Huang, no objection to the independence method
(with small bins) was raised, but defendant did question Lifecodes’s use of a database of
under 200 university students from mainland China, Dr. Michael Baird of Lifecodes
reported that, given the size of the sample, “the range smisticglly could be between one
in two and a half billion to one in several trillion.” 4. at 922. The court ruled that it
would admit “the lowest figure of probability, namely one billion to one.” Jd. How
Lifecodes arrived at its interval estimate, and how the court maraged to select a figure
below that interval, are not disclosed. Similarly, in People v.: Wesley, 533. N.Y.5.2d
643, 658 (Crim. Ct. 1988), affd, 589 N.Y.S.2d 197 (App. Div. 1992), Dr. Kenneth
Kidd testified that “an examination of the data given by Lifecodes indicated that there
was, in fact, no linkage disequilibrium” and that he “found no marked deviation from
the expected™ genotype frequencies at loci under Hardy-Wemberg equilibrium, but that
slight deviations from Hardy-Weinberg equilibrium warranted reducing “mean power of
identity” by “much less than a factor of 10.” The count then limited the prosecution to
estimates reduced by a factor of ten to 1 in 1.4 billion for American. Blacks and 1 in
840,000,000 for Caucasoids.

140. See, e.g., United States v. Yee, 134 F.R.D. 161, 183-84 (N.D. Ohlo 1991)
(testimony of Eric Lander); Eric S. Lander, 49 AM J. HuM. GENETICS 899 (1991)
(letter).  Other scientists maintain that ample information already warrants the conclusion
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: frequenc:es introduced af the bmmng stage‘“ or talsaewhe:re"'z overcompen— L

‘sates or undercompensates for poss:ble underestlmauon (with respect to N

a.particular subpopulation) of the smgl.ef‘lqcus_‘ f;equencles,gwen by‘]‘ :

equation (1) or their product (2). Persuaded by, this limitation in the ad -

hoc adjustments to the independence method, the NRC panel endorsed yet -

another variation on the independence method—the * ceiling prmclple 3

The ceiling principle, in its simplest form, cap1tal1zes on studles of
“allele” frequencies among subgroups.” Once random samples of DNA"_
from more or less homogeneous- ethnic subgroups such as: “Enghsh s
Germ=ns, Italians, Russians, Navahos, Puerto Ricans, Chinese; Japanese;:

Vietnamese, and West Africans,”" are collected, the higheSt;frequency, o

pi™=, for each “allele” i in the crime sample, with respect to all of the
subgroups, is selected. These frequencies afe'then multiplied as‘in the’
independence method to produce “genotype” frequencies. - Since the
largest frequency for any ethnic subgroup studied has been used at each
locus, and no single ethnic subgroup has the maximum frequency at every
locus,. it would seem that the resuit must overstate: the “genotype” -
frequency - both within each ethnic subgroup and’ within each broader .
group composed of these subgroups. - And, the. esnmated geuotype-'
frequency P that results from multiplying- these ceiling frequencies p,™*
must be the same for every subgroup. Consequently, the committee
insists that “the ceiling principle eliminates the need for mvesngatmg the
perpetrator population because it yields an upper bmmd to the frequency
that would be obtained by that approach.” . '~ .
Unless every conceivable ethnic subgroup is Sl'l.ldled however this -
simple formulation of the ceiling principle is not gnaranteed to yxeld the
upper bound.™® It is possible (though at some pomt mplausxble) that

that underestimation is a remote possibility. See infra note 199.

141. See supra note 96. '

142, See supra note 105,

143. NRC REPORT, supra note 15, at 82-85. For other commemary pmposmg this
approach, see, for example, Lander, supra note 140; Lewontin & Hartl, supra note 81, -

144. NRC REPORT, supra note 15, at 84.

145. Id. at 85. This upper bound is not the only, and certainly not the least upper
bound, that avoids an inquiry inte the population of plausibie.suspects. - A lower ceiling,
consisting of the maximum “genotype” frequency in any of the subpopulations, also
could be chosen. See Weir, supra note 91. If computations with the NRC committee’s
“ceiling principle” are admissible, then, arguably, such refinements also should be. " '

'146. In truth, the ceiling method is not guaranteed 1o produce an upper bound even
when every subgroup for which there are frequency variations is considered. The
method yields an upper bound only if the alleles accur indepeudemly at:all loci in each
subpopulation. If Hardy-Weinberg equilibrium does not exist at a Jocus, or if linkage -
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‘another, ‘a8 yet unstudxed subpopulatmn has an “allele frequency abov, :

the ceiling seen so far. To cope with this: contmgency, t.he NRC panel ‘i s

would require a minimum ceiling. frequency of 5% o, matter how low B
all the subgroup frequenctes are.'? PR

The NRC committee’s quest. for a suttably conservatwe prucedure _ ;
does not stop at the 1mposmon of the 5% lower upper bound Unnl ! :
subgroup studies: are complete, the ‘panel calls. for. still hlgher oeﬂmgs' i

It recommends that each “allele” frequericy be taken to be the htgher of“"}';'""
either 10% or the “upper 95% confidence limit” of the’ frequency seen m =
the major “race™ with the largest frequency n, B

equilibrium is abisent across loci, then the ceiling method can. understate the genotype -

frequency. See Joel E. Cohen, The Ceiling Principle is ot Always Conservative in. .
Assigning Genotype Frequencies for Forensic DNA Testing, 51 AM. 1. HuM. GENETICS - .-

1165.(1992). However, the deviations from equilibrium must be extreme to have this

effect, and no reasons have been advanced for-thinking that such devtatmns extst Seef'__‘ e

supra note 116,

147. NRC REPORT, supra note 15, at 84 This 5% rmmmum on the ccllmg m:poses a ‘

lower limit of 1/400 on the estimated frequency at each locus and a limit of 1/400* ona”’
match at n loci. The panel justifies this 5% lower bo‘tmd'oh the upper bounds p™* as
follows: ' ' R ‘ o

Because only a limited rumber of populations can be sampled it is
necessary to mzke some allowance for unéxantined populations. = As - %
usual, the problem is rare alleles. Genetic drift has the greatest propor- i
tional effect on rare alleles and may cause substantial variation in their _
frequency. Even if one sees allele frequencies of 1% in several ethnic =~
‘populations, it is not safe to conclude that the [frequency might not be
five-fold higher in some subgmups

Id. ’'n some ways, the commitice’s reasoning here is remarkable. - Ordinarily, the fact -
that “it is not safe to conclude that [something] might not” is not a reason to act as if it
actually will happen. If this principle were applied pgenzrally, juries, businesses,

governments, and all other decision-makers would be paralyzed, since actions so often -

rest on premises that are at best tentatively true. To say thar any number less than 5% is
“not safe” is 1o express a policy judgment ahont tolerable risk, and such a judgment can’
be defended only by specifying the risk in question and the dangers involved. - Although
the committee writes that its selection of a lowest upper bound of 5% “was based on
population genetic theory and computational results . .. aimed at accounting for the
effects of sampling error and for genetic drift,” id., its report omifs any explanation or
description of this theoretical and computational apalysis. This omission is troublesome
because more than one model of the introduction of new alleles, and hence, genetic drift,
in a population can be proposed. See, e.g., Bernard Devlin & Neil Risch, Effmic
Differentiation at VNTR Loci, With Special Reference to Forensic Applications, 51 AM.
J. HUM. GENETICS 534, 545 (1992). The most specific statement the commitiee does
make is that “[e]ven if one abserved allele frequencies of about 1%, ene would guard
against the possibility that the frequency in a subpopulation had drified higher by using
the lower bound of 5%.” I4. at 84. As a result, the panel simply fails to explain how it
struck the desired “balance [between] rigor and practicality.” K. at 83.

148. NRC REPORT, supra note 15, at 93. If the NRC committee’s recommendations
are uneritically adopted, the inierim ceilings may well be permanent. The panel would
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:4 Populatzan Strucmre and Overesumanon &

We havc ‘di‘scusse'd four memods‘ of ‘infefrihg'-' the “genotype””

frequency P from allele frequencies p;:  the independence method with - "

bin widths that. correspond to match wmdows, the mdependenoe method .

with big bins, the method of guessing at upper bounds, and the mdepen-' ; _ )
dence method with ceiling frequencies. The three modlﬁcanons of the " -

first form of the mdependence method all suffer from the same, weakncss B

as the direct estimation procedure in that they’ are llkely 10 produce i |
overestimates of the match frequency in a broad ethnic or racxal_b .

population. In theory, the smallest “genotyps™ frequency;| that the interim .
10% ceiling procedurc can generate for four probes is 1/200)* = -
1/1,600,000, 000 .and this “one:-in a billion” -figure éhould be :small .

enough 1o dehgh 'most prosecutors and to convince most jurors that the o

match i8 no accident.  However, in practice, genotype frequencnes ‘
computed with “allele” ceilings will be larger than in theory.”® For -

example, the “genotype” in United States v. Yee'® had a frequency of . -

1/35,000 when adjusted upward with big bins. According to some:
reports, the ceilings expand this ﬁgure bya factor of 2 000, to yleld the"
frequency of 1/17.%

Does the hypothetical poss:blhty of substantlal populatmn stmcture B

allow the 5% lower upper bound to replace the 10% ccllmg unly when “the populanon
studies do mot reveal significant substructure.” Jd. From existing data-on Caucasians, .
Navajos and West Afvicans, it is clear that statistically significant differences in allele

frequencies are present (although they do not seem to be “significant™ in the practicat ~ -
sense of producing a large proporion of markedly - different’ multilocus genotype . -

frequencies). The same is probably true for English; Navajos and West Africans, If -

“significant substructire” means statistically significant. substructure in the enumemtcd :
subpopulations, then the subpopulation studies are pointless and the prospect ot‘ dropping .
from the ten percent ceiling illusory. See Devlin et al., supra note 69. -

149. Large genctype ceiling frequencies could come to be most common during the
transition from the interim to the final ceiling method. If the samples of the- ethnic
subgroups are small, the upper 95% confidence limit of some “allele” frequencies in
some subgroup easily could exceed even the interim minimum “allele cel]mg of 10%.

150. 134 F.R.D. 161 (N.D. Ohio 1991).

151. See Rorie Sherman, New Scrutiny for DNA Testing, NAT'L L., Oct. 18, 1993 .

at 3, 52; Richard C. Lewontin, DNA Evidence: Statistical and Biological Considerations,
Invit: . Papers on Statistical Issues in DNA Identification Evidence, TOINT STATISTICAL
MEEHNGS OF THE AMERICAN STATISTICAL ASSOCIATION, BIOMETRIC SOC[ETY AND
INSTITUTE OF MATHEMATICAL STATISTICS {Aug. 10, 1992). However, this figure may
be overstated. Cf. Weir & Gaut, supra note 47 (elucidating errors in one expert’s
inflated computation of the ceiling frequency in another case). Less dramatic. differences
probably are typical. See, e.g., Springfield v. State, 860 P.2d 435 (Wyo. 1993) (using
ceiling frequencies of 1/17,000,000 for blacks and 1/221,000 for Native Americans, as
opposed to big bin frequencies of 1/150,000,000 and 1/250,000, respéctively),
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' warrant requtrmg such overesttmatlon" At least in Junsdrctlons that. :

eonsrder the screntrﬁc merit of screntrfic evrdence "2 the answer depends PNy

on how hypothetrcal the populatton structure argument is and whether the

independence méthod allows an expert to present a reasonable esnmate of ‘ R

the population frequency and to quantify the uncertamty in the ﬁgure 1
shall -argue that speculation’ a.bout the extent of popu]atmn structure :

notwithstanding, in many cases'a suttable population frequency estrmate T

is obtainable without resort to extreme overestimation. -Furthermore, 1 .
will demonstrate. that this proposmon has not been wrde]y nor: du'ectly ;
disputed in the scientific literature, '

My analysis buildsona fundamental drstmcuon berween what I denote Lt

- as a general popu]anon cese and a subpopulatlon case. A genera]z

population case arises when the appropnatc reference populatron isa’

“broad ethnic or racial pOpulanon and a representanve sample of “allele g
frequencies for this genera] population is avatlable A subpopulatlon case. -

arises when the appropriate reference population is 1tself a subpopulatron e ‘.

(or a population or set of subpopulatrons not represented in'the database) 7
The distinction is important because the: presence of substructure in’

general population cases can be expected to cause predommantly one type

‘of error—an overestimate of the popu.latron genotype frequency-—and
only relatively small errors in most instances. Asa result, the population -
structure objection does not: Justlfy a rule of law that demands drastrc.
overestimation in these cases. o : = i
In applying this distinction, it is cnt.ca] to. understand the hmrted role |

' that the defendant’s ethnic or racial status plays in evaluatmg the evidence. -
of a match. The choice of the reference population. for any frequency
estimate should be appropriate to the facts of the case. Is the pertinent
frequency to be found from a sample drawn from the generai population? .
From a particular geographic area? From people resembling. or related
to the defendant? These questions are nelther new nar special to DNA
evidence.”™ One’simple principle supplies the answers: The re]evant‘
population consists of all people who mlght have been the source of the

152, See supra text accompanying notes 21-26.

153, This inquiry is particularly important in jurisdictions that treat enntmversy overa
scientific procedure as an absolute barrier to admissibility, regardless of the vahdrty of
the procedure. See supra text and accompanying notes 21-26,

154. See, e.g., David H. Kaye, The Admissibility of “Probability Evidence” in
Criminal Trials—FPart 1T, 27 JURIMETRICS J. 160 (1987); Bruce S. Weir & [an W. Ever,
Reply to Lewontin, 52 AM. J. HUM. GENETICS 206 {19v3).



defendant 5. pecuhar aneestry but people of many ethm "-;gt'oups'
' Yet,. some courts have - been mpreesed w1th arguments :
appropriate reference populatlon necessanly consxsts of people like the‘-_
defendant.’ In People v: Mohu‘, 157 for example the eourt was concerned -
that the race and ethmcrty of the denust accused ot' ramng hls panant was'
not represented in the FBI's database lt noted that' g '

The issue of mbreedmg is of parucuiar lmportance in: thls‘_-
case. The defendant, Dr. Moh1  was bom:{n the Iranian '
“town of Shushtar. His ancestors over at least theast five . C

generations were of Persian descent, all from the same townf
or a town close by.  They are all of .the Shiite Musllm' '
religion. ‘Dr. Mohit claimed that for rehglous reasons and - -
as a matter of tradition, inbreeding was very common. m]ns e
~ family. He indicated that his maternal grandmother was the o
daughter of his father’s great-grandparents. . Mamage S
among first cousins was common in his town. 158 -

The issue, howe:ver is not the frequency of matching"bNA pattems for:
inbred families of Shiite muslims from Shustar, Iran, but their frequeney;' BE
in the vicinity of- Westchester County New York or, more premsely, _

155. Among commentators, agreement on this point is now virtually unanimous, See . -
Donald A. Berty, Statistical Issues in DNA Identification, in DNA ON-TRIAL:.GENETIC . . -,
IDENTIFICATION AND CRIMINAL JUSTICE 91, 106 (Paul R. Billings éd., 1992)*(*The .
standard is to use the race of the suspect [but this} makes no sense.”; Budowle etal.;
supra note 113, at 81-83; Tan. W. Evett & Bruce S. Weir, Flawed Reasoning in Court, .
CHANCE, Fall 1991, at 19; Richard Lempert, The Suspect-Population and DNA Identifi-

- cation, 34 JURIMETRICS J. 1:(1993); Lempert, supra note .74, .at 310; Richard C.

Lewontin, Which Population? 52 AM. 1. HUM. GENETICS 206 (1993) ( ‘[Tlhe ethmicity ..

of the defendanr is not the direcdy relevant questmn but rather the eﬂmxe enmposmon of i
- the pool of possible alternative suspects. ) R B

156. See Evett and Weir, supra oote I55 Bntce S Weir & Ian W, Evett. Whose

DNA? 50 AM. J. HUM. GENETICS 869° (1992) (letter ‘recounting -eéxclusion of DNA e

evidence in State v. Passiro, iNo. 185-1-90 (Franklin Co. Dist. Ct. Vt. May, 13,1991}, - - .

because bomicide defendant had mixed racial hentage) However, Lewontin, supra note ~

155, indicates that the trial judge in Passino may not have made this misiiice. “Seealso’” ..

Richand C. Lewontin, The Dream of the Human Genome, N.Y. REV.. Booxs, May 28;" - -

1992, at 31. Although the Passing court’s conclusiors may. be defensible it seems clear

that the court was unduly impressed -with “the uncontroverted testimony™. that “the’ . - -

defendant is one half Italian, three elghts native ‘American Ind.ta.n and one exghth o

French,” : : e ot

157. 579 N.Y.S.2d 390 (Sup. Ct 1992), : ’ o
158. Id. at 997. The court even cited a study finding that’ mamage among relanves e
 (second cousins or closer) in Muslim counmes is 20-55%. : _ R
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‘ theu' frequency among people other than Dr Mohlt who m:ght have left
- their :'semen on the patlem. Unless tlus group cons1sts !argely of Dr
. ‘Mohit’s relanves ‘there’ s no need to- esumate ‘the: frequency among'f
E -people of his racial and: ethme background The ﬂ'equency'» among" -
broadly defined racial and ethmc groups is the apposne ﬁgure
- On the other hand, cases do arise where the populatron of mterest; s,

) arguably, a genetically distinct subpopulauon, and where little orno data.
specific to that subpopulatlon have been eollected Umted Stares V. mo
Bulls' may be such a'case. Accused of rapmg a g1t1 on the Pine Rldge-:;
Indian reservatron in ‘South' Dakota Mat!hew Two: Bulls moved ‘o
suppress testimony of a match betWeen DNA em'acted from semen’ on
_her underwear and his DNA %0 _The FBI estunated ‘the frequency of 1]1e
matching pattern in “a Native American populauon bage."®! However,
the appropriate referenee popu]anon isnotall Natlve Amencans but only" -
the Oglala Sicux. If t.he ‘FBI's “Native . Amencan datahase is an
amalgam of distinct subpopulauons 162 whrle the suspect. populanon is -
,dommated by ane subpopu]atron the frequency of matches in the FBl’
database might be besrde the point. L : - 7

" Population. cases.* Although courts are commg to: appreclate that a
defendant’s ancestry is, at best, tangentmlly televant. to’ the ‘chaice of aff

- reference populanon the relatmnslnp between the reference populanon A
and the estimation procedure has yet to be: recogmzed in any. reported
opinion. Even the NRC Report commendably Tacid and comprehenswe
in other areas, overlooks the possrblllty of adaptmg the computatlonal D
‘methed to the circumstances of the case. R Yet a s:mple numencal s

159, 918 F.2d 56 {8th Cir. 1990) vaca:ed for reh’, g en banc but appeal dumused dae;
to death of defendant, 925 F.2d 1127 (8¢h Cir. 1991). o

160. Id. at'61. The district court bad held the evidence admxssnble, and Two Bulls e
entered a conditional plea of guilty under a plea agreement. The court of appeals serthe. .~
plea aside and remanded the case to the trial court for “an expanded pre-lrlal hearing” to
determine whether the method of DA typing was generally aeeepted and pe:formed o
properly, and whether the statistical evidence was unfairly prejudicial. -

161. I4. at 57 n.2." The FBI obtained a frequency of 11177 000 usmg the: mdepen—
dence method with big bins.

162. See State v. Passino, No. 185-1-90 (Franklin Co. Dist. Ct Vi Mny 13 1991)
(“The FBI’s Indian Database is made up of a varicty of different tribes. Approximately
half of them are Sioux Indians from the Northern Great Plains. - Other tribes melude the
Cherokee, Arzpaho, Zuni and Menominee.™); supra note 156. v

163. The closest that the report comes to acknowledgmg this approach is the followmg ‘
passage:

Some legal commentators have pointed out that ﬁequeneies,should R :
propesly be based on the population of possible perpetrators, rather than -
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B example ﬂlustrates how the force: of the populauon stmctme objecuo
. depends on the nature of the reference populanon To put the' example.
in a forensic context, suppose ‘that there has been a. v1olent robbery and':
rape at a rest stop on an- ‘interstate hlghway and that the robber aud raptst 8
identified as a Caucasian, left traces of his blood or. semen."‘f Suspxc:on e
focuses on a particular man. Careful DNA testmg demonstrates ‘that: he' S
matches at each locus, - If, however ihis suspect is not the assa]lant theufj o
we can say onty that someone else is. We have no reason 10 expect the.. @
guilty party to be of the suspect’ s detailed - ancestry or ethmr:tty 8
Therefore, we are interested in thé frequency of the matchmg “genotype” .
‘among all Caucasians who usz interstate htghways—and not the propor-_ L
tion in the defendant’s subpopulation. When the case comes. totrial, the -
prosecution offers an estimate of the frequeney of this genotype o
- Caucasians in order to gauge the probatwe value of the ev1dence ofthe” .~
match. The prosecution’s expert computes’ the frequency usmg the' A
independence method with bin widths equal to match wmdows inalarge .. - . o
national database on Caucasian Americans. The defense ob]ects that the . .. v '
esttmate is prejudicial because the population may be. structured, .80 thef‘.,'-‘.‘. A B
actual frequency could be dramatically latger‘“ than the. ﬁgures computed "‘ a2
by the prosecution’s expert using equatlons (1) and' 2). ' -
To test the validity of the defense’s objecuon, let us start w1th the
simplest posmble case of population substructure—-one locus with only
two “alleles” and one populatlon composed of two' genettcally tsolated
subpopulations. Subpopulation 1 represents 80% of the populatlon and - o
subpopulation 2 represents 20%. The “alle]e frequencxes are presented N
in Table 1. '

pie T e

on the population to which a parucular suspect belongs Alﬂteuéh that
argument is formally correct, praettca]mes -often preclude vse ‘of that
approach. ‘

NRC REPORT, supra note 15, at 85. The report nowhere 1dut|ﬁes its pfaetiea] objec:
tions to defining - the reference population in the only logicaily acceptable manner
imaginable, and its implication that it is generally appropriate to seek some estunate of
the frequency in the suspect’s ethnic subpopulation is plainly mistaken. = -
164. Cf. United States v. Jakobetz, 955 F.2d 786 (2d Cir. 1992), cert demed 113
S.Ct. 104 (1992); Edwin McDowell, Threat af Crime Rises on The Mam H' ghway, N.Y.
TIMES, Oct. 28, 1992, at Al4.
165, It also could be consxderably smaller. but the defense is unhkely to note tlus o
possnbtllty ’
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2 U AR
Freg.in - Freq m : L;.V.Freq m -
- subpop.1 ~ .- sul;pop2 o total - L
Allele  (80%) - (20%) - :"v-g_"pbpulation‘
1 s ws '(3/5)(30%)+(115)(20%)- 13/25
2 s ‘_ 45 ~"";(2/5)(sova)+ (4/5)(20%_) 12/25
Table 1

Frequenc1es of two- hypothettcal alleles in a Sll'llcmred pOp ulatmn .‘

This populatmn stracture nnphes that ethbnum does not e:ust for the o
broad population, but it does not impeach the equthbnum aasumpuons .
within each subpopulation. In the two. subpopulauons equatmns (1) and Ml
(2) hold and can be used to deduce the “genotype” frequenc:es thhm_ L
' these subpopulations, and hence, in the total populatmn 1o Table 2_: g
‘ presvnts these frequencies. : : .

Freq. in - _Fzéq._'m RN Freqm : o

. “subpop. 1 . “subpop. 2. total -
Genotype. ~ (80%) . (20%) - pomﬂatmn
12 20/5)2/5) 2(115)(415)_ IR (l2125)(80%)+(8r25)(20%)-280:’625 T
Tablez

Frequencles of one genotype ina structured populatlon e -

Of course, the prosecution expert d1d not lcnow the subpopulatlon_"f{;
frequencies. = Thus, the expert could use oaly the populatton allele S
frequencies 13/25 and 12/25. Using these values in (1) and 2) g1ves al
calculated population genotype frequency of 2{13!25)(12!25) 312/625
In this example, the population structure ob_]ectton is not well-taken
While, the simple independence method is slightly maccurate reponmg'
312/625 instead . of the true frequency of 280/625 the error favors the
- defendant. :

This result is the consequence of a general mathemancal truth rather
than the consequence of a clever choice of numbers. As long as a R
population is composed of two isolated subgroups, each of which is’in
equilibrium, the frequency for a diallelic locus estimated by ignor_ing' the

166. See supra note 146.
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-populatton structure overstatee the 'I:rue frequency 6 As a result, the kv
* independence procedure is already conservatrve and resort to cerlmgs is
unjustified. 6 co R '
Unfortunately, thrs examp]e is not representatlve of more complex o
systems, ‘With more loci or subpopulations, the multrlocus t'requem:les' ‘
estimated without consrdenng popu]atzon structure can overstate the true :
frequencies for populations. ' Since the number of: possrble alleles tn_,' o
_VNTR systems is typically 20 or more. and consrderably more than two -
subpopulations may be present, an mequallty that applies only to. the case’
of two alleles and two subpopu]attons is of little use Nevertheless even
in the more realistic situation, on. .average, the error due to’ populatlon i
structure inures to the defendant’s benefit, ™ and the dlfferences between .
the computed and the true smgle-locus geuotype frequencres wﬂl rarely. i
be large."” : : S
Partly because this point has not been recogmzed in the legal_ =
literature, the population -structure objection  has proved remarkably-%-"ff B
powerful in court. In People v. Bamey,m fori mstance, & Cahforma court -
of appeals concluded that the NRC.Report, a paper ‘and a reporter s -
‘observatrons in Science, and conﬂrctmg testimony - of experts in vartous- :
other cases demonstrated the existence of anunsétled scientific controver- |
sy over population frequencies.” Most recently, in State v. Bible,™ the

167. Fora proof see David H. Kaye, The Eﬁ“ect of Papulanon Smtcmre on E.mmated L
Allele Frequencies (1993) (unpuiblished manuscript, on file with author). . b

168. The frequency that independence with ceilings produces - in’ our example is o
2(3/5)(4/S) = 600/625 as compared to the correct value of 280/625: . However, the .~
degree of excessive overestimation inherent -in the - cedmg method wrll vary wrth the
numbers used in such examples. . _

169, See C.C. Li, Population Subdivision with Respect to Mu!nple A!Ie!e.r, 33 ANNALS
HUM. GENETICS 23 (1969).

170. See Ranmajit Chakraborty et al., Eﬁ’em of Papulatwn Subdmswn and Allele
Frequency Differences on Interprezatzan of DNA Typing Data for Human Idensification,
1992 PROC. THIRD INT’L SYMP. ON HuM. IDENTIFICATION 205; Kave, supra note 167
(about 60% of computations of allele frequencies in randomly’ srruetuted populations are
overestimates).

171.  In simulations of randomly structured populauons fhe maxioum ratio of the tue
single locus genotype proportions P to the computed proportions P" seen in - simulated
populations was less than three. Although conditions can be created that make P/P". -
arbitrarily large (meaning that the true value is many times larger than the -estimated
value), preliminary study suggests that both P and P* must be very close to- zero for this
to occur. See Kaye, supra note 167. - If the worst-effect of population struchire is to
cause the estimated proportion to be one in a billion when the true proportion is one ina .
million, the objection seems not to justify the exclusion of DNA evrdence in all cases.

172. 10 Cal. Rptr. 2d 731 (Ct. App 1992),

173. Justice Chin, who wrofe the Barney opinion, adhered to tlus concluston in the
opinion for another panel in People v." Wallace, 17 Cal. Rptr.:2d 721 (Ct. App. 1993),




Fal, 1993 DNA Evrdence

Arizona Supteme Court rehed on the Sctence asticles, news acconnts, and -
'Bamey and other cases to ﬁnd a “lack of general acceptance of: Cell-
mark’s statistical probability calculatmns. Thwe cases demonstrate that-‘ ;
the judicial perception that population: substructure is a»problem in. aIl
'DNA cases is widespread.'® : D
Nevertheless, the concern is largely nusplaced when the pertlnent
frequency is in the general populanon. In these cases the pnpulatron -
structure obJecnon is far less vexing than many opmmns wand’ a few
articles suggest. There is a corollafy to this conclusmn.; ~The: NRC
panel’s influential call for more conservatrve methods in these cases is. an -

unnecessary response even to ahypothet:cal problem Post-NRC Report T
cases excludmg genotype frequency estimates - on 'the ground that :
" computational methods less conservative ‘than- the NRC s version of .
independence with ceilings are inadmissible should not be - followed.

Indeed, under the analysis developed in this. article, ‘most of Lhe cases;f:‘ -

should have found the frequency. estimates to be admlssxble because the
circumstances of the offenses pomted to'no specrﬁc subpopulanon of";:
suspects. In these cases, the relevant populauon in whlch to consrder the o
frequency of the mcnmmatmg match is a general populanon, and exrstmg -
computational methods work reasonably well for such populatmns e

In Commonwealtk v. Lanigan, for instance, the Supreme JudJcral ,

Court of Massachusetts consolidated cases agamst two sets of defendants
Thomas Lanigan was indicted for the rape of a. clnld and for sexual
assault and battery of three minors.': Presumably, these victims 8

identified their assailant as a Caucasnan, and not as a member of some B

and chastised the scientific cummumty for quesuonmg the need for or the dcsn-abﬂlty ot‘ S
the ceiling approach. :
174. 858 P.2d. 1152 (Ariz. 1993). .
175, See also People v. Atoigue, DCA No, CR 91-95A (Guam Dist. Ct App Dw :
1992) (following Barney); Commonwealth v, Lanigan, 596 N.E.2d 311 (Mass. 1992); =
State v. Vandebogart, 616 A.2d 483 (N.H. 1992) {relying on NRC Report to establish

that FBI's calculation of population frequency .of 1/50,000 is too controversial among -

population geneticists, and remanding for a hearing on the general acceptance of the
NRC ceiling frequency); Siate v. Cauthron, 846 P.2d 502 (Wash. 1993) (relymg on
early paper by Eric Lander questioning equilibria assumptions).

176. Cf. Richard Lempert, DNA, Science and the Law: Two Cheers ﬁrr the Ceduzg o

Principle, 34 JURIMETRICS I, 41 (1993) (“[Ijn most forensic sitvations the probiem the
ceiling principle was designed to resolve—ihe possibility that forensic data bases would ..
be ignoring population substructure substantially underestimate relevant allele frequen-
cies—hardly ever exists because the proper reference population for estimating-allele
frequencies is typically a mixed population fairly represented by the data bases now in .-

use.™. _

177. 596 N.E.2d at 312.
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snbpopuianon of that race. The reference populatlon consxsts of allg_- .
people who might have comuitted the acts. ‘Unless the victims were B
largely 1so[ated from the general populatlon, the class of plausxble"l"r e

suspects s Caucasxans in general, and not some subpopulauon to whlch ?::” :

Lanigan belongs.. For tlns broad populatlon ‘the mdependence method i

without ceilings is appropnate

The other actxons mLamgan named Leo Breadmiore Semor and .!umor_ ’
as defendants. They were accused of raping, assaultmg, and. havmg .
incest with granddaughters and nieces. One alleged victim who delivered ;

a child testified before a grand jury that she liad sexual mtercourse only:‘.:_ S
with the defendants. DNA analysis of blood samples from the victim, her =

child and the Breadmores proved that the younger Breadmore could not: :
be the father, and that the elder Breadmore had alleles that were “2.500
times more likely . . . if he were the father of the child than if he were
not the father.” Once again, unless the mother was 1aigely i_sdlated from

the multi-ethnic  population in Massachusetts, the class. of plausible - =

suspects is Caucasians, and not just the subpopulation to which the
defendants belong." Similarly, the two cases consohdated in People v.
Barney evinced no circumstances suggesting some specmi subpoplﬂatxon 180

178. The FBI reported that the genotype frequency among Caucasians was lll 400
000. M. at312-13. ‘

179, However, this population does include a number of peop!e closely‘mlated to the
defendants, which poses a special prablem. ' See infra note 230.

180. 10 Cal Rptr. 2d 731 (Ct. App. 1992). In People v. Howard, Octavia Matthews
was found on the floor of her home, bleeding from mnluple head wounds, with a rape -
wrapped around her neck. She soon died. Id. at 732. . Kevin Howard was her tenant in
another building. /d. at 733. Ample circumstantial évjdence pointed to him. She had

served him with an eviction notice. IZ. His fingerprints were on a postcard in her -

upstairs bedroom. His wallet was on her bloodstained couch. Jd.  There also were )
bloodstains on a tile floor, a paper napkin in a cosmetics case and a tissue in a purse. . .
Howard had a fresh cut on 2 finger when arrested, and conventional blood analysis
showed thar the stains and Howard’s blood “shared an unusuat blood type found in -
approximately 1.2 persons out of 1,000 in the Black population (and not at’all in the
White population).” Id. at 73. In these circumstances, the reference population does not .
seem to be any special subpopulation of ‘African Americans, and it is reasonable to
consider the fact, as reported by the FBI, that “Howard’s'DNA pattern matched

the frequency of such a pattern is 1 in 200 million in the Black population.” Jd.

In People v. Bamney, a woman entered her car in the South- Hayward BART pa:kmg e
lot. Id. A man forced his way in, demanded money, and used a knife to force_her to.
drive and ‘park some blocks away. /d.  There he molested and tried to mape her,
ejaculated on her clothing, and tock about two dollars in small change, her BART ticket
with $3.80 credit on it, and her. car keys. Jd. The woman found Ralph Edward . -
Barney’s wallet on the floor of her car and recognized Barney as her assailant from his
photo ID in the wallet. I4. When arrested, he had a knife, a BART ticket last used to
enter the transit system from the South Hayward station with the same amount of credit -
remaining on it to match the missing ticket, and $1.82 in small change. /d. Again, none
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This treatment of the post-NRC Report cases, hé&veﬁe:"a xmghtbe
cnnclzed for ignoring. the doctrmal basis of the opmlons. I have faulted ;
these opinions for not- recogmzmg that the populatmn structure ob;ectmn = .
is weak when the relevant popu]auon in which to; estimate the nmtch- -
binning frequency ‘is a collection of subpopulauons havmg dlffcrem‘,' L
YNTR frequencies. But the cases to date come: from Junsdlctxons that i
in theory, ! neither ask nior allow their courts to decide what i is scientifi- - . =
cally valid or invalid, but only to ascertain whethcr the” sclentlﬁc ; R S
community has reached the consensus that a sclentlﬁc pruce.dure rests on' ‘

a valid theory and generates rehable results when properly apphed

of the circumstances suggcsls any speclal suhpopulatmn. and 1t seems reasunable o
consider the frequency of the incriminating DNA profile among African Amencans B
generally—reported by Cellmark Dlagnosucs 1o be *1 m 7 8 mﬂhon in the B]ack popula~ el
tion.” Id. at 734. :
Mast of the other cases giving pupu]anon stmcmre as the reason to exclude frequen— o
cy calculations were general’ populatmn cases. In both People v. Wallace 17 Cal, Rptr R
2d 721 (Ct. App. 1993), and State v, Cauthron, 846 P.2d 502 (Wash. 1993); pohce B
apprehcnded a man hiding in the bushes with material or. lmplcments of a type used ina - el
series of unsolved, relatively distinctive rapes in the ‘area. Nothmg in the oplnmns
suggests that any of the accounis of the victims or other circumstances. pomtzd to-
membership in some well-defined ethnic subgroup as a charactensuc ‘of.the raplst
In State v. Bible a mne-year-old girl bicycling to 2 ranch in Flagstnft‘ dlsappeared ;
and her battered body was found hidden in the woods three weeks later. ‘The defendant =
was apprehended the day she disappeared, dnvmg a stolen car whose’ coments matched/ -
items found near her body. Cellmark reported that- DNA from blood stains oi his shl.rt‘ ‘
matched the girl's DNA, and estimated the genotype.. fmqnency in -the. Caucasmn
population to be between 1/60 miltion and 1/14 billion. - the’ dcfendant was' not the
person who ahducted, molested and killed the girl, then someone else in the ‘Flagstaff - -
area that day did, and it is reasonable to consider the- frequencles of ithe mcr:rmnatmg a
genotype among broadly defined groups in assessing the: probahve value of the:match, . -
Because the New Hampshlre Supreme Court’s Opll'lan in State v. Vandebagan does -
not specify the circumstances that motivated the FBI to use Caucasians as the refefence -
population, it is difficult to say whether this case falls: into. the- general populanon
category for which the debate over subsiracture is essennally n‘televam : .
The most awkward case for the general population approach may be People v
Atoigue  As in Lanigan, Atoigue invalved sexual intercourse’ with‘a child: leading 1o
pregnancy, and the reference population under the hypothesis that the man identified by
the twelve-year-old mother as the father was not responsible is not 'z unique ethnic or
racial subpopulation. To the extent that the distribution of alleles in the population of -
Chamorro, Guam, is markedly different from that in the database actually used, howev-
er, the frequency produced from the database would be mappmpnate The Polynesian
Chamorrons have been hvmg on Guam for perhaps 1,000 years, and a relatively small
number of people founded the population there. ' If the Chamorrons have remained
genetically isolated from the other inhabitants of the island, then even a database derived
from the island as a whole may be off the mark. Apparently, Celimark tried to address -
this concern by testing 15 unrelated male police officers.in Chamorro, but the opinion
does not describe the results of this ad hoc lestmg and the steps taken to ensure that the
officers were unrelated.
181. For cases that show how far courts in Frye jurisdictions have dwergcd fmm ﬂus
theory, see MCCORMICK, supra note 22, § 203, at 871-72.




ue f'”‘;Iiizkvard Journal ofLéw& Technbzags;' [Vol 7

" leading. populanon genencxsts .cannot agree on the . vahd:ty of the o
independence assumptions,'™ and a blue ribbon committee that includes .
scientists among its members recommends the most’ extreme forms of © N -
overesnmauon, how can it be said that, without rcsortmg to ceiling -
frequencxes, equations (1) and (2) are generally accepted? :
This criticism, however, treats the scientific d:spute at too lugh a level
of generality. No population geneticist or statistician denies that the- AN
' relevant population in which to estimate a match-bmmng frequency' .
consists of all the people who might have committed the crime.'® At .~ .
most, as in the NRC Report,'™ there are occasional slips in phraseology .
that make it seem like the particular suspect’s subpopulation is necessarily -
relevant. However, in reality, the defendant’s subpopulation is onlj' o
derivatively relevant, to the extent that it conforms to the reference R |
population of plausible suspects. & Neither does any popu]atmn geneticist
or statistician dispute the mathematical truism that equations (1) and (2),
when used with allele frequencies for a structured population in which the
independence assumptions hold within each subpopulation,'® tend to
overstate the frequencies of VNTR genotypes in that structured popula- '
tion.!#
Unfortunately, the leading scientific papers advancmg populauon '
structure as a reason to avoid the independence method in esnmatmgv ‘
match-binning frequencies do not explicitly analyze the effect of such‘ ‘

182, Bur see Anderson, supra note 19 (characterizing the debate as “on the ‘scientific
fringe and the creation of “a few scientists .. . who pmclaim themselves to be e'xtrem- ‘
ists™’ .

183 I have found an exception to this genemhzanun in one conversauon wnh ons
eminent population geneticist who had not previously thought through the issues 'in
forensic DNA testing. Certainly, the publications of scientists endorsing the view that -
the relevant population consists of people who might have committed the crime have not ‘
come under attack. See supra notes 155 & 156, And, the publications of populanon ,
geneticists illestrate the populanun structure objection primarily in cases where the |
population of potential suspects is very probably a subpopulation of ithe type of pcople .
represented. in the broad racial and ethnic databases. See Lander, supra note 108, at 505 . -
(“[Tlhe crime cccurred in a small, inbred Texas town founded by a handfu] of faml
lies.”); Lewontin, supra note 156, at 68-69.

184. NRC REPORT, supra note 13, at 94.

185, See NRC REPORT, supra note 15, at 85 (It is correct to say that "frequencles- ]
shouid properly be based on the population of possible perpetrators, rather than on the

population to which a particular suspect belongs.”). But see Baldmg & tho]s, supra
note 133, ‘

186. For a direct analysis of thé validity of this assumpuon, see Djm E. Krane et al., :
Genetic Differences at Four DNA Typing Loci in Finnish, Iialian, and Mixed Coucasian”~ -
Populations, 89 PROC. NAT'L ACAD. Scl. 10583, 10585 (1992) N

187 See Chakraborty et al., supra note 170.
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structure m general populauon cases. Rather, _they emphasxze the‘
posmbx]lty of error when the referenc;e populauon cons1sts of mdmduals
of the defendant’s subpopu.latmn 18 To this extent r.he controversy overlf . A
the extent and-impact of population. structure, ‘as developed in the .
scientific literature itself, does not’ compel a conclusmn that. the theory -
underlying multilocus genotype frequency estimates for broadly deﬁned o
reference populations is not generally accepted.!® Even inthe dwmdlmg o
number of jurisdictions where general acceptance 1s.essen_t1al_,t0_ the: ..
admissibility of scientific evidence,'™ the Frye standard does not demand -~ .
the exclusion of the evidence in general populatmn cases. ‘In fact, the S
Lanigan opinion makes this clear. - Lanigan, recogmzmg that the ot
population structure argument concerns “the possﬂnhty that usmg allele P
frequencies of larger population groups might produce an inaccurate
frequency estimate for members of substructure gr_oups " excluded the
frequency evidence.”” However, since there was 10 reason to,es_tlmate‘
the frequency for such subgroups in Lanigan, “the lively and ‘sﬁll very
current dispute”'? that the court identified did not justify exclusion of the
evidence.™ The same is true of Barney,™ Bible,' and Wallace.'®

188. The leading criticism of independence {with match windows equal to bin widths
or with big bins) is Lewontin & Hartl, supra note 81. These geneticists contend that
substantial structuring for VNTR alleles may be preseat in populations, and they discuss
the muos in multilocus genotype frequencies- for different subpopulations—but not. the
ratio berween the frequency computed in- the population given a- knowledge. of its
structure and that computed without this knowledge. Jd. at 1748 {mbles'1 & 2). ‘They = -
express concern that “if the wrong ethnic group is used as the reference population, then '
a very low probability, even zero, may be assigned to a particular VNTR type, when the
true probability may actually be refatively high in the proper ethnic group.” ' J2. They
conclude that “to be scientifically reliable, the databases must be expanded to include
detailed knowledge of the VNTR frequency distributions in a wide variety of ethnic
subgroups that are likely to be relevant in forensic applications.” Id. at 1749, Their
paper demonstrates that at least two eminent population geneticists have doubts about
genotype frequencies derived from broad population data but then applied to cases where
the reference population is but one subpopulation within . that broader -population.
Although the paper concludes with the more sweeping claim that “estimates of the
probability of a matching DNA profile based on VNTR data, as currently calculated, are
unjustified and generally unreliable,” id. at 1750, the analysis does not focus on the
distinct question of the magnitude of the errors in using allele frequencies in a broad
population when the reference population is that same broad populanon C.T supra nate
180.

189. Plainly, the NRC panel’s desire for a single method of ca]culanng an upper
bound on genotype frequencies in any likely population or subpopulation is not a
propouncement about science, but a mere prefereme for one junspmdenual policy over
another.

190. See supra text accompanying note 26.

191. 596 N.E.2d at 315 (emphasls added).

192, Id. at316.

193. The court relied also on the NRC Report's statement that whether actnal
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Subpopulatmn cases. The recogmnon that: the popu]anon struct
_objection is attenuated in the general populatmn cases does not mean,that' Sl
there can never be 2 legitimate, ‘concern about: populatlon stl:ucture ._To-“ R &
the contrary the objection has real blte when the group. of people who
might have left the crime sample are' a narrow ‘and. posmbly lnsularf”:'
'subpopulatlon In these subpopulation cases, the ‘scientific questmn is
how much variation in genotype frequencies exxsts across subpopu]anons
Two views prevail on the subject, The skeptical camp contends that the
variations at specific loci might be huge, or they might be mmuscule but
that it is impossible to determine without studies of the dlstnbutlons off o
particular VNTR alleles across subpopulatlons."’? The other camp )
maintains that subpopmatlons within ethnic-groups rarely d.lffEl' substan«'.‘, .
tially as compared to variations across ethnic gl:oups,‘9B so that. the
- disparities among subpopulauons are not matters of pure- specu]atwn _‘
According to this view, the state of scientific knowledge, including .
computations of match-bmmng frequenmes in various populatmns and
subpopulatlons 199 suggest that “dlfferences among subpopulatlons are of

populations have significant substructure for the [alleles] used -for forensic. typing:. . ",

has pruvoked considerable debate among population geneticists.” -1d. 'As we have seen, . . ..
however, the relevant debate for a general population case in'a Frye jurisdiction is mot . ;- ;- .
just over the degree of pupulatlon structuring, but over the: lmpacl: of snbstructure. on‘—‘-
genotype frequency estimates in: the broad  reference population. ' Finally, - the court -
thought that the NRC panel’s willingness to proceed “on the assumption that pupulanon BN
structure may exist” established a lack of acceptance .in me scientific community of the =" L
independence method for estimating’ genotype frequencles in general populauon cases.. -
Id. This is an obvious non sequitur. :

194. 10 Cal. Rptr. 2d 731 (Ct. App. 1992). Pan.ly on the basls of statements of one
seience jonrnalist, Bazrmey detects a “change in the attitude of the scientific community”
oaccurring with the publication in Science of the Lewontin-Hartl paper and the publication. -
of the NRC Report. Jd. at 744 These authors, the court obscrves, “conclude - that
because the frequency of a given VNTR allele may differ among subgroups reference’to
a broad data base may produce an inaccurate frequency estimate for a defendam‘s
siubgroup.™ Id. at 740 (emphasis added). Since the defendant's subgroup was not the
appropriate reference population .in the cases in Barney (see supra text accompanying -
note 180), the opinion does not explain why this controversy made it improper to admit -

. the frequency estimates in the general population. In addition, it ‘scems -odd—and -
extremely risky—to resolve questions of general acceptance by what seience journalists
‘say scientists have said to themn rather than what scientists have wntten in professmnal :
journals or said to courts, See supra notes 5, 17 & 182.

195. 858 P.2d 1152 (Ariz. 1993).

196. People v. Wallace, 17 Cal. Rptr. 2d. 721 (Ct App 1993)

197. See, e.g., Lewontin & Hartl, supra note 81.- :

198. The literature supportmg this view is summzmed in Devlm et al supra note 69.

See also supra note 124,

199. One indication that the true “genotype™ frequencies are much smallcr than the
“corrections” for putative population structure made by the overestimation methods lies
in studies of subgroup frequencies. If data on two subpopulations are available, the .
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questnonable 1mponance"2“° and have httle 1mpact on mulnlocus geno-:
a ’type frequenc:les S § :

singlelocus and multilocus genotype frequencles valuily can’be cst:malzd under
independence assumptions, since. any possible, structure in the. geneml populnuon is
eliminated or reduced by focusing on the subpopulations. Next, a database: mixing these -
subgroups can be constructed, ‘simulating a-highly ' structured -population, Usmg ﬂns
simulated database, one can estimate allele frequencies and compute genotype frequené
cies as if the population were homogencous. If the artificial population frequencies are” '
close to the true frequencies in the simulated populatmn. one must’ conc]ude that even L!u:',
exaggerated substmctunng does not produce much error, . <.
Although detailed data on fully -homogeneous . subpopulauons are not. yet avallable. R
analyses along these lines have been performed mixing southeastemn and: southwestein ~ © . +
Hispanic-Americans, Aftican-Americans, and mixing Caucasmn-Amcncans, and Afro- .
Caribbeans, Asians, and Caucasians living in England. ' See Devlin & Risch, supra ote
89, at 546; Berry et al., supra note 45; Evett & Pinchin, supra note 116, at 271 ("Even: -
in the extreme case of using an Afro-Caribbean. instead of a Caucasian database; the .-
, consequences are not serious ... .. Tt is now. clear that the precise: shapes of - the__,
" bandweight frequency distributions are - not particularly - important.”); Monson &
Budowle, supre note 97, at 104449 (four-logus genotype frequencn:s denved by R
crossing African-American, Caucasian, southeastern Hispanic and southwestern Hispanic Lol
databases rarely differ by more than a factor of ten). Compatisons between Caucasian-' .,
Americans, African-Americans, Hlspamc-Amencans and Clunese-Smgaponns, Malay- .
Singaporans, andIndian-Singaporans tell much-the same story. Shui Tse Chow et al;;
The Deveiopment of a DNA ‘Profiling Database in a HAE 1T Based RFLP .Sy.mm _far
Chinese, Malays, and Indians in Singapore, 38 I. FORENS]C SCI 874 (1993) s
200. Devlin & Risch, supra note 89, at 546, - - O
201, See Newton E. Morton, Genetic Structure of- Foremm Popuhnyn.r, 89 PRDC :
NAT’L AcAp. Sct. U.S. 2556, 2560 (1992) (Kinship smdies show: human populations o -
have litle structure, making the ceiling approach “absurdly conservative.”).  Krane et
al., supre notz 126, defend the ceiling principle as having “a sufficient margin of; L
safety " Id. at 10586. Krane and his coauthors analyze blood samples from 73. Fians in-" -0
Helsinki, 79: Italians in Milan, and 1,354 Caucasians in St. Louis to find that allele R
frequencies do vary among these graups. To Judge the impact on forensic calcnlauons e
they examine discrepancies obtained by switching the databases for Finns, and Italians . -
(i.e., computing three-locus frequencies for Finns using allele frequencies for Italians and
vice versa).  Although intriguing, this -analysis does .not fully ‘simulate ‘the - forensic '
practice. In court, more loci are wsed, reducing the probability- that ‘the frequencies
estimated at every locus will be too low. ' In addition, the forensic databases reflect more
‘heterogeneous populations, like Caucasians, so that the divergence in allele frequencies -
between them and their subpopulations are likely to be less than the dlspanues in
frequencies between the alleles in ‘two subpopulations. Indeed, when the re=eatchers
computed three-locus profile frequencies for Finns and Italians with allele frequencles B
appropriate tw the St. Louis Caucasians, the disparities were somewhat less*dramatic.
Most (78%) of these profile frequencies are off by less than a factor of ten, and virtually
all are within a factor of 100 of the correct values for ans and Iralians {(which typically
are on the order of 10 or less). Jd. at 10586 (Flg'ure 2). These findings thus suggest
that the independence assumption with big bins produces genotype frequencies ' that are
roughly correct even when applied to a subpopulation. Indeed, these numbers probably
understate the accuracy of the independence assumptions with big:bins.  When the
databases are switched, the individual whose genotype frequency is fo be estimated is left
in the cognate database, which elevates the frequency of this genotype in ‘that database.
See Chakraborty, supra note 124 (“inherent statistical artifact”); Bernard Devlin & Neil
Risch, NRC Reporr on DNA Typing, 260 SCIENCE 1057, 1058 (1993) (letter pointing out
“large upward bias” in Krane et al. for samples that included only 29 Finns and 70

L
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lf the we-know-enough camp ls correct then the overestlmatlon
procedures should not be required. They fall short of providing numbers

. that- convey the ev1dennary value of a match The uncertam:y m'f ;
 estimates of the genotype frequency P mlght be exposed in any’ number‘ REMINEA
of ways.. The overestlmates—from blg ‘bins to' Uexlmgs_mlght be

presented along with less extravagant esnmales of P. Rather than using

the largest allele frequenmes ™o amve ata smgle number for Pin. o »

any population, values of ‘P computed v:a (1) and @) mlght be glven '_
across a range of subgroups.””' In light of the mountmg evidence that the

mdepcndence assumptlons are. reasonable for the VNTR enzyme-probe : AR
- systems in use, the strmght—forwa:d mdependence method supplemented' ;

by reasonable indications of the: uncertamty in the results of these - o
computations, seems to produce the most appropnate estlmates of

“penotype™ frequencies.™

In contrast, the NRC Report advocates one form of overesnmauon. S
because it seeks a procedure: that is “appropriately conservanve””' rather, S

than reasonably accurate.”® By limiting the presentatmn to the hlghest :

possible range for P in both general populatmn and subpopulatxon cases; . . '

the NRC hopes to sweep the debate about populatmn genetics under. the -

proverbial rug. - After all, how can ‘scientists and Iawyers quarrel when‘ : o
all that the scientists will say is that the genotype frequency cannot; exceed ; P .
some “appropriately conservative” value? Although tlus approach is not, o

without appeal in subpopulation cases, where the dlspantles between the - .
true genotype frequencies and those computed: with the basic indepen- -

dence method are potentially the most pronounced, the NRC committee’s: c |

ad hoc determination of what is appropnately conservative” IS as.much
a determination based on social policy as a declaration of what_ is
scientifically acceptable,® Therefore, it would be a mistake for courts -

Italians with three-locus profiles). :

202. If the databases are such that sampling error is'a serious issue, interval esnmates :
can be presented. On the computation of these mterva]s. see Chakmborty et al., supra
note 90.

203. Bur see supra note 133 (papers proposmg the use of parameu:rs that charactenze :
the extent of substructure). S

-204. NRC REPORT, supra note 15, at 94. . R

205. The panel also “spught to develop a recommendation . . . flexible encugh to
apply not only to markers now used, but also to markers that might be technically
preferable in the future.” 7d. It does not explain why the -same procedure must be :
applied to all markers or why population studies cannot show that the sunple mdepen—
dence method will not work with such markers.

206. The consistent undervaluation of the evidence that may :esult docs not trouble the -

pane] because “[w]namver power is sacrificed by requiring conservative esumates can be
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to conclude that sc1ennﬁc pracnce or theory dlctates the use of the one .
procedure that the panel deems. 1o be appropnately conservatwe T

Still, one must ask if it is bad law fo allow soientifically defensible

estr.mates to be admitted. The law of EVldEIlCE does not normally dlciale‘ .
which of several sclentlﬁcally acceptablc methods of analysus an expert '
may present in court. However, if Jurors would be so bemused by a"'
sensitivity analysis of P, or if they Would !gnore ‘the larger estlmatcs in--

favor of the more impressively infinitesimal ones, then the overarchmg' o

objective of achieving a fair assessment of the DNA ‘test results may be -
difficult to attain with the usual approach. - Regrettably, there is no

research to ‘date that can definitively resolve this psychological issuc of . L

how jurors respond to extreme statistics,” but when the risk that the jury -
will overvalue or be unable to assimilate a range of figures is not
demonstrable, the law should allow a gualified’ expert: to pursue the -

scientifically acceptable’ approach that the expert finds most congenial, = R
At the very least, the law should permit-the expert to present both the ...

“conservative™ estimate and the best available estimate. This approach

is well-suited to match-binning frequencies in general populanons and, |
arguably, itis acceptab]e even mthe mmore vexmg subpopu]atlon cases

‘\\

. TO BIN OR NOT TO BIN

" In Part H, T considered matéh—binning and’ the. procedures “for
determining the frequency of a match in a reference population. I argued
that more than one approach to producing‘a maich fr':quéncy‘or pipbabili—
ty is within the bounds of acceptable scientific practice, and that insisting

regained by examining additional loci.” Jd. at 85, As a purely scientific' matter,
however, it is preferable to be as accurate as possible in estimating the frequency, and
then produce a range that reflects the uncertainties in the’ estimate. Scientists do not
normally present parameters of theoretical interest by looking: only to one end of a
confidence interval, and it would be most peculiar to find a statistician advocating - an
inconsistent and biased estimator—one that is expected to depart from the true value,
even as more and more observations are made, and that tends to err in a particular
direction across many samples—simply because it is possible to gather still more data.
Worse still, resort to more and more probes raises the risk of false exclusions ynder a
match-no match rule.” See supra text accompanying note 45.

207, David H. Kaye & Jonathan J. Koehler, Can Jurors Understand Probabxlunc
Evidence? 154(A) 1. ROYAL STAT. SocC’y 75 (1991).

208. The argument against admissibility of any estimate reaches its zenith in subpop_u-
lation cases involving uncommor, isolated ethnic groups (such as, perhaps, Polynesian
Chamorrons) rather than more common subgroups (such as lmllan-Amencans) See
supra note 180. o



- "appropnately computed match frequency—be ita cemng frequency v ablg'

' me frequency, or a basnc bin frequency-—shunld ‘be admlssﬂﬂe.. The
. ’1ssue, in other words, is no longer whethcr the evndenuary mles specxﬁc
10 expert tcst:lmony demand the exclusion of the match- frequency"‘

mmgs of one kind or anomer—satlsﬁes both Daubert (or other eases

tha require a court to assure itself that there is a scientifically vahd bams;
for the testimony)*™® and Frye (or m.her cases that reqmre the o:)utt to find )

" peneral scientific acceptance).??

The.,,,;
analysxs and review of the sr'umtlﬁc htcrature in Part I estabhshls that/
at least some version of match-binning—be it basic bins, big. bins. jor "

The remaining question involves the fammar ba]ancmg tw for_"': : )

virtually all evidence: Does the balance of probative value and prejudice -

favor excluding relevant -and‘séientiﬁcally acceptable estimates of- the - .
‘match frequency P in the suitably chosen reference population or ,j«‘;_,'j L
populations?*'! The form of prejudice that arguably mfects match—bmmng o
estimates i that they will unfairly impress the j Jury and mduce them to -
slight other,. important evidence. Thus, courts have been concemed that %
.. very small fractions, by virtue of their large derominators; are just too DT
impressive for jurors to handle :oroperly and that jurors are likely to . :

misconstrue them as stating the probability of innocence. Furthermore,

_commentators have argued:that jurors may not appreciate the hmztsd o

209. See supra text accompanying note 26.

210. See supra text acconrpanying note 21. One possible murce of coufuﬂcn .f.lwuld
be put to rest. How can “conservative™ procedures like the NRC's ceifing methods -~ ‘
satisfy the general acceptance test when scientists remain-divided over the appropriate-. . - .
ness of these procedures? This question, however; invites us 10 confuse the policy '
questicn of whether ext~me overestimates are necessary . or desirable with the more

scientifically tractable question of whether the overestimation nrethods wark as advertised

i0 overstate the matching proportion P, There is Hitle, if any, dispute over the proposi-- L
tion tirat for a structured population with each subpopulation in equilibrium, the ceiling

methods produce generous estimates of P. See Eric S. Lander, DNA Fingerprinting: The

NRC Report, 260 SCIENCE 1221 (1993) (*The NRC comunittee simply concluded that the -

chosen upper bound sufficed to eliminate serious scientific objections . . . ‘while stlf- = -+ :

allowing odds of up to 6,250,000:1 for a maich at four geneu; loci.™). In'fact, the vcry'. :
perception that the methods are enormously generous evokes antagonism on the part of -~ ¢
_ the scientists and siatisticians who see the ceiling - computations as - imapproptiate. =

Consequently, the waming of the Waliace court that “the key players in thig 'di_S[Jutr."

over the excessiveness of the ceiling principle must “agree o a compromise on statistical

calculation™ or “risk preventing any. general acceptance at all, thus. precluding the

admissibility of DNA analysis evidence,” 17 Cal. Rptr. 2d 721, 725 (Ct App 1993),,]‘__

rests on a failure to recognize what the debate is about.
211, See supra note 24.

%
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meamng of march bmmng frequencres.
These arguments and the admss:bmty of accurate match frequencles,
‘cannot be evaluated m avacuum. A satlsfactory analysrs must ]ook to, the
costs: and beneﬁts of. admntmg an, est:mate of the maich ﬁ'equency P

_ relatrve to other methods of. mformmg the jury about l.he value of the
DNA test in dxscnmmatmg between‘[“ e mnacen: and the guilty 'l‘here
isa spectrum of. modes of presentanon that may be eombmed in; vanous
ways: the pure opm:on format, -the. mpmbab:hty format, the hkelihood
ratio format, and the postenor probabahty format In what follows, ;
explain what 1 mean by these phrases .and argue 1 that some combmanon
of the second and ﬂurd approaches shou]d be preferred '

A The Pu'reOpi‘nian,qumat
One can imagine a world in n which numbers are verboten and experts. e
' are constrained to stating categorical oplmons In the legal universe, this o
world is more hypothetical than real. 22 For a time, anesota seemed R
- to have such arule and estmates of genotype popn!anon frequenc:es are RO
still inadmissible regardless of thetr accuracy. 3. ".The rule forbrddmgs e
numencal .estimates : emerged in a 1978 case mvulvmg mlcroscoplc - i

212. Cases explicitly rejecting this nule with DNA evidence include United -States v.-
Yee, 134 F.R.D. 161, 211-12 (N.D. Chio 1991); Martinez v. State, 549 S0.2d 694 (Fla. "=
Dist, Ct. App. 1989} {see supra text accompanying note 79);: People ‘v.'Mehlberg, 618 . -
N.E.2d 1168 (IlI. App. €t 1993);" People v.'Lipscomb, 574 N.E.2d 1345 (0l. App. Ct.
1991); Swte v. Brown, 470 N.W.2d 30 (lowa 1991); People v. ‘Adams, 439 N.W.2d 192
(Mich. Ct. App. 1992) ("[T]esting would be a matter of speculanon without the statisti- e
cal’ analysis.™); State .v. Cauthron, 846-P.2d 502, 516 (Wash. -1993);: -Springfield v.. -
State, 360 P.2d 435 (Wyo 1993) (rejecung the observanon in Rivera v. State, 840 P.2d
933 (Wyo. 1992), that “the better practice” is the Mumesom rule excludmg stausm:al‘
probability”™ because it “could be perceived as an opmmn by the expert that the accused .
is guilty™). But see Perry v. State, 586 So. 2d 242 (Ala 1991) (remamimg for hearing = .-
on Lifecodes’s procedures for single locus VNTR tests and cmnputahun of P =1/200,-
100,000, and whether figure is unfairly prejudicial); Stare v. Penmelf, 584 -A.2d 513
(Del. Super. Ct. 1939); John J. Walsh, Forensic DNA Typing: .The Canadian Expeni-..
ence, PROC. THIRD INT'L SYMmP. DN HuM. IDENI'IHCATION 85 [1992) (cnuclzmg
unreported Canadian cases). - L

213, In State v. Joon Kyu Klm 3098 N.w.2d 544 (Minn 1987), the court depamd-.
“slightly from the puse “no numbers™ rule. It allowed testimony as to frequencies of each
protein or enzyme marker-in a semen stain, Under this variant of'the rule, the jury may
be told the frequency of each marker, but not the frequency of -their combination.”
Applied to VNTR smudics, it would allow the expert to give the frequency of each .
- “allele” and perhaps of the single-locus' “genotypes” obtained from equation {1), but not. U
of the mululucus “genotype”. derived from (2), Cases pursuing this exception jnchide i
State v. Iohnson, 498 N.w.2d 10 (Mlnn 1993) and State v. Alt, 504 N.W.2d 38 (an
Ct App. 1993), .

e
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_ _oompansons of hair samples ) The anesota Supreme ‘Court applied
it to blood antigens:and” seruca proteins in the mid-1980s:%*  Then, in_
. State v. Schwartz,'® the court’ held that' 1t govemed DNA evrdence as’.
well. In this last case, police’ investigating: the stabbmg death of Carrie .~
Coonrod found and selzed bloodstamed blue j Jeans in ‘Thomas Schwartz'
residence. Cellmark Dlaguostlc Corporanou (] report ooncluded th_at -
is the opinion of the undersigned that the DNA banding patterns’ ‘obtained
_from the stain removed from the, blue ]eans and ‘the: bloud of Carne_" L
Coourod are from the same mdmdual "207 . Thig opmmn tested on'a, .
“banding pattern [whose | frequency) in .the Caucasian populanon Sl
approximately 1 in 33 billion. 218 The state urged the supreme court o -
allow this statistic to be admitted “after an adequate opportumty for cross"* S
examination and limiting - instructions.”?®  The- court declined thlsf Ci
invitation. “In dealmg with comp]ex technolugy, like' DNA tesung, 2 LR
wrote, “we remain convinced that juries in criminal cases: may give undue o
weight and deference to presented statistical ev1dence and are reIuctant o’
take that risk.”2? : gt
The defect in the Minnesota rule is obwous. The complex technology\‘f'f .
of DNA testing can produce figures that are not only relevant but lnghly e F
probative. The jury needs some estimate of the population frequency or
the probability of 2 match with another source to give a match the weight =~
it deserves.™. An expert may be needed to calculate P, but the expert’s

214, State v, Carlson 267 N.W.2d 170 176 (an 1978), de.rcnbed m_fm note 246 -

215. State v. Boyd, 331 N.W.2d 480, 482 (Minn. 1983); Jaon Kyu Kim (allowmg' Lo
testimony “as to frequencies of each marker but not-as fo ﬂre frequency of ‘the set of e
mcnmmung markers). . o

216. 447 N.W.2d 422, 428 (an 1989)

2177 Id at'424.

218, Id. Cellmark used a multilocus prabe; which produces pmﬁles ﬂmt are harder t0
interpret statistically than the series of single locus probes that have come 1o dominzte’ oo
criminal testing. Thus, the 1/33 billion figure is'a binomial probability compuu:d ina .’
different fashion from (1) and (2), which apply only to single locus- pmbes -See Kaye,"‘ :
supra note 1, Interestingly, the calculation is essentially identical to one used over'a R
century ago to analyze an allegedly forgt:d signature in Robinson v. Mandell, 20 F, 1027 - o
(C.C.D. Mass. 1868), described in Paul Meier & Sandy Zabell, Beu]amm Prerce and the
Howland Will, 75 J. AM. STAT. ASS'N. 497 (1980). : E

219. 447 N.W.2d at 428,

220. Id. The Minnesota Supreme Court adhered to this reasoning md rcsuIt in State
v. Jobe, 486 N, .2d 407 (Minn. 1992). In State v. Nielsen, 467 N.W.2d 615, 620°°
(Minn. 1991), it intimated that MINN. STAT. § 634.26.(1989), which was én’aémd to ~
overturn the Carlson line of cases, is somehow unconstitutional.. - - o ‘

- 221, See, e.g., Nelson v. State, 628 A.2d 69, 76 (Del. 1993) (ﬁudmg trial . cuurt' 3
exclusion of match frequency “inherently inconsistent™ with ‘its admission of testimony of
a match, because “without the necessary statistical ‘calculations, the evidence of the
‘match was ‘meaningless’ to the jury”); State v. Brown, 470 N.W.2d 30 (lowa°1991)



* - might make it to port on their own. But there is no clear mdrcatron that -
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o qualrtatrve oprmon about the conclusron to bt arawn fro ' tlus statlstrc or
an expert's ‘verbal charaetenzanon of this’ ‘umber is. not based n'any
- “expertise . in‘ laboratory’ chemlstry. geneues or brostansucs.'_ pe Unless.'-'
* invited by the defendant, such testlmony should not be allowed zza T
Only if it were certain, or nearly so;_ that jurors ‘would misuse- any‘ '
such number would it be desirable-to leave them at sea and hope that they

“undue weight and deference ‘to statistical evidence is- any more’ hkelyi .
than insensitivity and hostility to the evidence® or help]ess caprtulatton' "
to an inscrutable opinion. -Consequently, a blanket rule against statistics -
or probabilities relating to DNA evrd-ce is unjusuﬁed Global doubts;,-
about jurors” abilities to handle statistics do not lead to the conclus‘on that

- the dangers of prejudice substantlally outwelgh the probauve value of
well~founded estimates of populanon frequencles B : :

(holdmg expert tesnmony that “the liklihood of a person mamhmg in all four fmgmems ‘
. would be one in several billion” admissible, since “[wlithout statisiical evrdenee, the
ultnrlate results of DNA testing would become a matter - of: speculation”™); -State V... -
Vandebogart, 616 A.2d 483, 494 (N.H. 1992):(“A- match is vrrmally meanmgless]j_.
_without a statistical probability expressing the frequenr.y with which.a maich could -
_ occur.™); NRC REPORT, supra note 15, at 74 (“Td say that two patterns match, Wltllom“f R
providing any scientifically valid estimate (or, at least, an upper bound) of the frequeney T
with which such maiches might occur by chance, is meaningless.”). . B
- It wouknot, however, be “meaningless” to inform the jury that two samples match" Gt
and that this match makes it more probable, it an.amount that is not precisely- known, " © - [
that the DNA in the samples comes from the same person. . Nor, when all estimates of -/~
the frequency are in the many millionths or billionths, would it beé meaningless to inform "
thejurydlattherers.amatchl.batlsknowntobeextremelyrare :t'nmumq'ne, mthe' :
general population. ER
-At least one court has suggested that the NRC Report’s mea.nmgless remark ‘
demonstrates that Frye precludes presenting evidence of a match Wlﬂmut an estimate of -
the genotype frequency. State v. Bible, 858 P.2d 1152 (Ariz. 1993), construing State v. |
Cauthron, 846 P.2d 502 (Wash 1993), This view is plainly nustaken The general .-
acceptance standard addresses- the validity and - reliability . of ‘the’ methodology - that -
produces evidence of identity. The fact of a. ‘match is scientifically valid evidence of -
identity as long as it can be shown from theory and data that the genotype is not -
ubiquitous in the relevant populanon How valid scientific evidence of & match should
be presented t a jury Is 2 legal rather than a serennfie issue falling far outside the
domain of the Frye test. .
222. Even in Minnesota, it may be that opinions- beyoml the bland statcment: of a
maich are inadmissible. See State v. Alt, 504 N.W.24 38, 52 (Minn. Ct. App. 1993),
223. The outcome in State v. Cauthron, 846 P.2d at 515-16, is consistent with this
suggestion, Cellmark’s Dr. Robin Cotton testified that she had “nc doubts™ that. the
defendant was “the source of the semen sample in the five [rape] cases that we got the
result on” and that “the DNA could not have come from anyone else on earth.” - The
court held that because this opinion restimony. was not supplemented or replaced with
“background probability information,” it should not bave been allowed. Id at 516.
224, See Kaye & Koehler, supra note 207. .
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B The Improbab:luy Format

Because most DNA testers bave chosen 10 compute match—bmnmg
; frequencles DNA evidence usually comes in the formof a determmanon g
of a match -accompanied by-a small number ‘that is sald to show ‘the
improbability of a match in a populatmn of innocent suspects Although ol
nearly all courts dismiss the broad-brush' objection to- these numbers,f«_ D
there are subtle—and troublesome—ways - in ‘which match- bmmni,' S
frequencies could be unfairly prc_]ud:clal These possibilities do not, 1" o
think, dictate a flat ban on P, but they do requu'e steps to avoid abuse or -
misuse of the figure. Y

1. Pis not P(M, ) O)

A more sophisticated legal criticism than the global objection to- =~ -
mumbers is that population frequencies may be mistaken for the frequency
. with which the laboratory will declare a match between the defendant’s .
sample and the crime sample (Mp) when the samples are from different
sources {(0). Contrary to what some testtfymg experts have clmmcd or N
implied,?* the frequency of a DNA profile in a given population only - _
reveals how often an error-free DNA test will glve fa]se pos’twes 'when -
applied to that population. If matches result both from people whose
DNA truly satisfies the matching and from people whose DNA does not_
match, but appears to because of non-random error such as :ms!dbelmg, _
then the rate of false positives will be larger than the propomon P In )
.pracnce of course, DNA tests are not alwavs free of all non-random"k
errors,”’ and even a tiny probability of 4 4 false posmve error typically w111
swamp the vanishingly small estimates of populatmn frequenctes N
' assoclated with matches at four or five VNTR loci. - g
Three strategies to Counter the danger that a jury will confuse 2 match e
frequency with the probability of a false positivé have been proposed.

225. See Relly v. State, 792 S.W.2d 579, 583 (Tex. Ct. App. 1990) ("He [Kevin
McElfresh of Lifecodes] noted that the statistical probahllmes of such a match being
incorrect was one in thirteen million.™. For more examples, see Jonathan J. Koehler,
Error and Exaggeration in the Presentation “of DNA Evidence at Trial, 34 JURIMMETRICS .
1. 21 (1993).

226, Undetected degradation and band shifting are not likely to generate false posi-
tives. -On the possible sources of false positive laboratory €IT0TS, See Thompson & Ford

© supra note 76.

227. See .vupra text accompanying note 77.
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| ! One isto reduoe the faise posmve nskby mpmvmg ]aboratory proficien:

-estimate and present the j jury with the prohab:ltty of a false posmve m 1

cy and subm:ttmg samples to three Iaboratones for mdependcnt anely-_
ses.®® A second response is, to w1thhold the. populanon : ﬁequency, :

case at bar, cons:denng both the laboratory s rate of, false posmves Vo
blind proﬁc:ency tests and the populanon frequency 29 The thu'd solutton'
is to provide the _]urors W1th both the ]aboratory false posmve en-or rate
and the estimated populatton propomonP thereby mpressmg on the Jury_"f :

' that the latter cannot ‘be equated to the probablhty ofa false match 00

228. Lempert, supra note 74, at 327-28. Whether the costs, both in terms of resourc-
es and increased false negatives, justify muitiple testing is unclear.” It may be enough’to

give defendants the right to retest at different laboratories and to subsidize wmultiple tests”

for indigent defendants who demand them. . Cf. James ‘Wooley & Rockne P. Harmon, - " -
The Forensic DNA Brouhaha: Science or Debate?; .5] AMm..J. HuM.' GENEH('.S‘ 1164
{1992) (letter urging defense expers to. reu:st zather than theonze nbout the possible‘
sources of laboratoty errot). ‘ i

In any event, vigorous iegtslatwe or admnmshattve acnon to teduce the nsk of fa.lse
positive and false negatwe errors alike is emmenﬂy desnrable _Even with the unus'ﬂl- '
safeguard of i lmposmg on the proponent of DNA' evuience at;a prelnmtmy heanng the :
burden of proving that a match fallows from pmperly applied labomtory procedures
E. Imwinkelried, The Debate in the DNA Cases Over the Foundation for the Admusmu
af Scientific - Fvidence: The Importance ‘of Human' Error"as - a: Cause -of Foremzc’ O
Misanalysis, 69 WasH. U, "L.Q. 19 (1991), .it will be mmensely dtfﬁcult 10" detset -
possible errors in a particular case. “Moreover, the judicial system’is unhkely to produce S
sufficient incentives for quality control.” If the DNA testing is done mode-ntely well, but” -7 -
not as well as it could be, the court must decide whether.to ‘exclude genetally pmbanve'fff_ L
evidence because of the possibility that the laboratory . may- ‘have erred 'in the case atbar. -
Courts are rightly loathe to exclude such evidence without- 2’ specific’ mdleanon of = )
laboratory error. Ifall cases went to trial and all defendants had ' skilled ‘and-astute . “' |
counsel with access to experts who could look over the shoulders of ‘the laboratory < . 7.
technicians, so to speak, the state would feel strong pressure to invest in the labo:atones S
up to the point at which marginal benefits ﬂowmg from the adm:ssxon of the labomtory i
findings equals: the marginal cost of improvements in laboratory procedures. However
the vast majority of cases never reach trial, and very few defense lawyer: have the
knowledge and resources required to identify the. particular instances when laboratory -
imperfections actually cause a- problem. Prosecutions: will be institnted and * most.
defendants will plead guilty when faced with infinitesimal- match-bmnmg probabtllhes
At some point, of course, demands for quality control become excesswe, but there is P
every reason to get things right before trial. ~The optimal level of quality ‘control o
therefore is farther in the du'ectlon of increased expendtmres than. nug.ht -at ﬂrst be L

imagined. .

229. See Paul J. Hagermzm DNA Iypmg in the Forensic Arma 47 AM 1. HUM e
GENETICS 876 {1990); Lempert, supra note 74, at 325-26. . ' ] k

230. See Russell Higuchi, Human Error in Forensic DNA Typing, 48 A.M. J.-HUM. ‘
GENETICS 1215 (1991); NRC REPORT, supra note -15, at 88 & 94 (“A laboratory’s -
overall rate of incorrect conclusions due to error should be reported, but separately
from, the probability of coincidental matches in the population. Both should be weighted - -
in evaluating evidence.”); id. at 89 (“The jury should be told both results;”).. Presum-
ably, expert testimony could Assist by combining .the error rate with P to arrive at s
P(M;, | ). the probability that the laboratory will declare a match for defendant given '




These proposals underscore the pomt that th esttma P ‘
proporuon Pisnotthe probablllty that the DN A analysm that mcnmmated

- the defendz - would incriminate an mnocent person.” Although t.he pomt‘a' e
does not m .Jatea eategoneal exclusion of P, it does rmhtate in favor of :
adopting, as a precondition to the admission of P, a procedure, such a h
~ those described -above, that would em.phas:ze the: drstmctxon to the Jury ; :
Requiring the expert to give an estimate of the rate of false matchmg on'-,‘ S
-independently admmstered b]md profic1ency tests may he the sr.mplest N

prophylactic.®!

2. Pis not P(O | Mp)

Presenting P also can produce prejudice if the jury mi-Sinterprets. it as

 the probability that someone other than the defendant is the source of the -

crime sample. In a sense, this is a more fundamental objection, since it
pertains even to an error-free test, for which P actually ‘is the risk of a
false positive. Assuming, for simplicity, that the test is error-free, the
fallacy works something like this: (a) P, the frequency of a match i m the
reference population, is the probability that an. mnocent perscn would

match the crime sarnple; (b) defendant does match therefore, (c) Pis the o '

probability that defendant is innocent.

Where does the fallacy occur? The first two steps are correct If the»'

population proportion is, say, P = 1/100, 000 then the probability that

any randomly selected person D will match (an event we may desugnate_ !
Mp) given that someone other than Dis the source of the crime sample :

i

that someone else is the source. If no explanation is provided, the Jury may *be

helplessly confused about the weight to accord the -testimony [of a match] because
ordinary people are not very good at working with conditional probablhtlcs Lempert,
supra note 74, at 325.

Another source of possnble error in the interpretation of P is’ lhe presence of

relatives, who have a greater chance of sharing alleles with the defendant and matching .
the crime sample, than the figure P suggests. This is really an aspect of the problem of .

defining the reference population. . Lempert capably surveys the possible solutions and
concludes that “until technology advances, the most honest approach is to present the
jury with the probability that it was left by one of the group of defendant’s relatives
whom the state has not been able to exclude from the suspect population.” Iz, at 214;

¢f. NRC REPORT, supra note 15, at 87; Balding & Nichols, supra-note 133. Bur see

Lempert, supra note 176 (conceding that the ceiling procedure is difficult to justify on

scientific grounds, but defending it as an indirect vehicle’ for aceomodaung the problems '

of laboratory error and “micropopulations”).
231. Naturally, defense counsel would remain free w0 buttress ﬂns generalxz.ed

case.

information with arguments about the adequacy of the labosatory . work in a particular -

O

‘*./r‘
e
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(an event that may be- denoted as 0)'"‘ls P(Mn [ _
fallacy occurs at the last step, which: speaks of the probablhty P(O | MD)' R
that D is not the source gwen the match between D and 111e crime. sample. : S
The rules of probability reveal that P(M,, | O) is not generally equal to:;_'
P{O | Mp). The probabthty that a card drawn from a. well shuffled deck . -

' is an ace of diamonds given the fact that it'is a red card is 1/26, but the .
probability that it isa red card glven that it is the ace of dmmonds isone. .+ - ‘-‘ .

Although ‘it is an elementary mistake o conﬂa.te the eondmona] iy
probability of the match given innocence with the eondmonal probablllty R
of innocence given the match, more than one court has fallen prey to . - R
this “inversion fallacy.”** - For example, theCallforma court of appea.ls,, s
in People v. Axell,™ thonght that Cellmark’s report that “the ﬁ'equency,_.”" S
of that DNA banding pattern in the I-ltspamc populatlon is apprommately TR
1 in 6 billion” meant “that the chance that any but appellant left the
unknown hairs at the scene ‘of the crime is 6 bﬂllon to-1.7. Courts in
Arizona, ™ Colorado,236 Greor‘gta237 Ilinois,?* lndlana,m Mtssxss1pp1, 0.

232. See, e.3., MCCORMICK, .supra note 22, .§ 211; Jonathan J. Koehler, DNA ..~

Matches and Statistics: Important Questions, Surprising Answers, 78 JUDICATURE 222, .
224 (1993). Another way to recognize that-P is not P(O | Mp,) is'to consider the xmpaet A
of population size on this probability. Cf. Laurence H. Tribe, Trisl by Mmizemattcs. a
Precision and Ritual in the Legal Process, 834 HARv. L. REv. 1329 (1971), Suppose, as
in Kelley v. State, 792 8.W.2d $79, 582 (Tex. Ct. App 1990), the :eferenee populauon
consists of “white males” and the incriminating profile occurs wnh an esumawd frequen— .
cy of P = 1/13,500,000, If the reference population numbers 27 rmllmn, then the
expected number of matchmg DNA profiles is two. - The defendant is one.of these two,
which suggests—in the absence of other information linking him a3 opposed to the other FEE
potential match to the crime—that the chance that. the. other man is the source of the i
crime sample is one-half. Thisis a far cry from the cournt’s. thought that “[t]he stausucal B -
probability that the semen came from another white male was 1 in 13.5 million.” . Hd. at"- “\
582. Of course, there is no particular reason to think that the referenee population in =~ o\
Kelly numbers 27 miliion. It probably is much less.. But that does ‘not- diminish the .- >
logical force of the argument. The one in 13.5 million figure is just-a'population
proportion. - It neither grows nor shrinks according to the size of the reference popula- -~
tion. Yet, the conditional probability P(O | Mp) that someone other than the matching .-
defendant is the source is related to the number of other people who conld be the sonrce:
Hence, these two quantities are not identical; even though P can be interpreted as
P(Mp, | 0), P(Mp | O) cannot be equated with- P(O | MD) See, e.g., Koebler, supra
note 225. : R .

233, Kaye & Koehler, supra note 207. It also is called the “prosecator’s fallacy.”
William Thompson, Are Juries Competent to Evaluate Statistical Evidence?, 52 LAW &
CONTEMP. PROBS. 9 (1989). Commentators, as well as experts, courss, and jurors, also
have been known to commit this error. See, e.g., Joseph Licbeschuetz, Starutory
Control of DNA Fingerprinting in Indiana, 25 IND. L. REv. 204, 208 (1991) (“The
exclusion frequency is the relative probability that the defendant. committed the cnme
compared with a person selected at random from the general populauon ") -

234. 1 Cal. Rptr. 2d 411 (Ct. App. 1991).

235. State v. Bible, 858 P.2d 1152, 1165 (Anz l993) ("Cellmark concluded that ﬂle
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»_New York " South Dakota m Tennessee,z“’ Texas and the Umted_j'
. Kingdom™® have made or been presented w1th sumlar mvcrsnons.

chances were one in 14 billion . . . that the blood on Defendant’s shirt was not.the'
victim's.”); id. at 1189 (referring to “the product rule and the resulting opinion of the
" odds against a random maich™). The court criticized the state for “tacitly [attempnng] o
argue that these probability figures could be equated with the probablhty ‘that someane
other than Defendant committed the crime.”™ [fd. at-1185.
236. Fishback v. People, 85% P.2d 884, 888 (Colo. 1993)‘("Once-a ‘match is deter-

mined, its statistical significance . . . is usually expressed- in terms of the likelihood that ©

the crime scene samples came fmm a thmi person who has the same DNA profile asthe.
suspect.™),

237. Homsby v. Stte, No. A23A1270, 1993 WL 497094, at *6 {Ga. Ct. App. Oct.
18, 1993) (“[Tlhe chances that the semen recovered from the victim belonged to
someone other than the defendant were one in 70 million . .. ."); Bradford v. State, 420
S.E.2d 4, 5 (Ga. Cr. App. 1992) {(Apparently unchallenged FB] DNA tests in rape case
said to show that “the odds someone olher than defendant attacked the victim were I in
49 million.™). ’ :

238, People v. Miles, 577 N.E.2d 477, 484 (1li. "App. Ct. 1991) (“The probablhty of -
an African-American other than the defendant leaving the semen stam on the bed sheet :

. was 1 in 300,000.7). ‘

239 McElroy v. State,” 592 N.E.2d 726, 728 (Ind. Ct. App. 1992} (“The State
presented DNA identification evidence which showed the odds were 20 million to one
that he committed the rape.”).

240. Polk v. State, 612 So2d 381, n 1 (Miss. 1992) (“The probability that thc blood
... was from any person other than Georgia Mae Thomas was calculated to be 1 m
530,000,000.™).

241. People v. Davis, 601 N.Y.5.2d 174 175 (App. Div, 1993) (“A. Lifecodes
techiiician . . . declared at trial that the statistical probability of someone other than the
perpetrator pmviding the alleged ‘match’ was “one in ten million.""). -

242, United States v. Martinez, '3 F.3d 1191, 1193 (8th Cit. 1993) (“The FBI -
conciuded that there was a 1 in 2600 probability that the semen found on the panties
came from someone other than Martinez.™); United States v. Two ils, 918 F.2d 56,
57 n. 2 (8th Cir. 1990} (“[P]robability’ of someone other than Two Bulls providing a‘
match was one in 177,000.7), vacared “for reh’g en banc but appeal dismised due to
death of defendant, 925 F.2d 1127. ’Sth Cir. 1991).

243. State v. Myers, 1993 WL 1416512 (Tean. Crim. App. May 4, 1993) (Unpub-
lished opinion reporting that an FBI agent “concluded that a 1 in 50,000 chance existed .
that an individual unrelated to and other than the defendant produced the semen sample
found on the victim's clothing.").

244. Kelly v. State, 792 S:W.2d 579, 582 {Tex. Ct. App. 1990) (“The statistical
probability that the semen came from another white male was 1 in 13.5 million.”); -
Transcript at 2327, State v, Bethune, 821 S.W.2d 222 (Téx. Ct. App. 1991) (“There
would [be] a one in 5 billion chance that anybady else could have commitied’ the,
crime.”). :

245. R. v. Cannan, 92 Crim. App. 16 (1991) (“So far as rhe DNA evidence was
concemed it seems that the chances of anyone else having been responsible. for the
semen found on the knickers was something like 260 million to one against.”),

246. For still more examples and a discussion of the forces that induce these errors,
see Koehler, supra note 225. The error is hardly confined to DNA identifications. - See,
e.g., United States ex rel. DiGiacomo v. Franzen, 680 F.2d 515, 516 (7th Cir. 1982)

' (State criminalist testified that “the chances of another person belonging to that hair
would be 1/4,500."); State v. Carlson, 267 N.W.2d 170, 175 (Minn. 1978} (Expert
testified that “the likelihood that the hair found in the rug . . . in Carlson’s bedroom .

did not come from the victim would be on, Lhe order of one cham:e in 4, 500 ) The



The anesota court in’ Schwartz percewed the mversmn fal]acy as a‘

1eason to exclude P altogether,’ but this reaction seems prec:pnous i

less drasttc measures will reduce the danger. Such measures - mclude7 .
cross examination and opposing expert testlmnny or jury argument about

'the meaning of P.** They also include a rule- that would preclude o

prosecutors or experts from describing P, as some do,"’” in ways that .’

encourage the commission of the fallacy Broader awareness of the

fallacy should ge ‘far toward retardmg its mﬂuence in the oourtroom
C. The Likelihood ﬂ"Rq;fio Forma:

I have argued that suitablyrcdmp'u‘te'd ?ziﬁd‘-presented"mhtch-binniﬁg

frequencies and probabilities pass muster under the conventional rules of

evidence. They pose some danger of misinterpretation, but the risk can-
" be reduced to the point where the usefuiness of the testlmony Justlﬁls lts :
admission. This does not mean, however,: that P has to be mtroduced m -
court in preference to any alternative. Match-bmnmg, as we have seen,
has several drawbacks. The threshold for declaring'a match is arbitrary
and existing match rules may be producing a high rate of false non-
matches. The need to fit -all’ cdmpmjisons into two_rigid ,:categdﬁés .
obscures distinctions that are reimroducéd in vague ways when experfs L
speak of “exact” matches on the one hand or “mconcluswe exclusmns .

hair cases are reviewed more fully in THE EVdLva ROLE OF STATIS]‘ICAL
ASSESSMENTS AS EVIDENCZE IN THE CQURTS 60-67 (Stephen E. Fienberg ed., 1988).

For a new set of abuses, see Commonwealth V. Paudolﬁno 596 N E. Zd 390 (Mass L

App. Ct. 1992},

247. State v. Schwarz, 447 N W 2d 422, 428 (an 198%) ("’i’here isa real dmgerf
that the jury will use the evidence as a measure of thie probability of the defendant’s guitt
or innocence.”) (quoting State v, Boyd, 331 N.W.2d 480, 483 (Minn. 1983). -

248, See MCCORMICK, supra note 22 § 211;. Kaye & Koehler, supra note 207, i
Existing empirical research indicates that the inversion fallacy can be counteracted ‘with
an argument like that based on population size, - See supra note 232; Wiliam C.
Thompson & Edward L. Schumann, Interpretation of Staristical Eviderce in_Criminal
Trials: The Prosecutors’ Fallacy and the Defense Antorney's Fallacy, 11 Law & HuM.
BEHAY. 167 (1987). However, this work is based on much larger values for matching’
probabilities P, and the counterargument probably would be less effective- when an
enormous population size would be needed to generate many falsély incriminzted people
in the reference population.

249. See, e.g., People v. Miles, 577 N.E.2d 477 (1ll.. App. Ct 1991) (Cellm.ark’

expert testified that, using database of African-Americans in Detroit, “the probability of

an African-American other thar the defendant leaving the semen stain on the bed sheet
. was 1 in 300,000.7); ¢f. United States v. Massey, 594 F.2d 676 (8th Cir, 1979)
(improper closing argument concerning probability of maiching hair samples).



an the other 75° Fmally', ’the match.mg ‘frequency often:is desenbed in.
words that make it seem- like the hkelﬂiood of lxntoce.nce.‘?1
Recogmzmg these problems, some statlsuctans have dev1sed other
methods for conveymg the 1mp11eatmns of the_-51m1lanttes between DNA‘ :
-samples. These altematwes dlspense with th “ elasexﬁcauon of test. results
into “matches” az_l_d_ “monmatches,” and instead look'to the degree of_ ,
 similarity in the DNA fragments by quantifying the hypotheses that the -
defendant is the source (S) as opposed to the alternative that someone else
is (0). These quantmes come together in the. hkehhood ratlo for the test” s L
results, which expresses how many times more probable the results’ are’ Ll
under S than 0, and, hence, the relatwe hkehhood of § and 0 il for .
example the measured differences. in lengths of the VNTR fragments ‘
from the crime sample and the suspect’s sample would arise niine times
out of ten when the suspect is indeed the source of the crime sample, but
only one time in 100,000 when someone else in the relsvant populatlon' o
is the source, then the likelihood ratio would beL = (9/ 10)/1/ 100_,000)
= 90,000,533 B
I shall not dwell on the detalls of producmg the hkellhoods There are
competing suggestions.” All involve a statistical model of the measure- o
ment error and an analysis of the dlsmbutlon of DNA fragment sizes in. - EE—
a reference population with samplmg error.z"5 None can be dlsmlssed as .

250, See supra Part L

251. See supra Part [HI(B)(2).

252. Sce generally A-W.F. EDWARDS, LIKELIHOOD: AN ACCOUNT OF THB STATISTI-
CAL CONCEPT OF LIKELIHOOD AND ITS APPLICATION TO SCIENTIFIC INFERENCE (1972),.

253. An znalogous ratio using match-binning ¢an be computed. If there is 2 match in -
an error-free test at 2 loci using a match wmdow of three standard deviations for the 21
{presumed) independent measurements, this. ratio’ is Ly = (. 99)"":'? “The pumérator is ‘
the probability of a match on the 22 fragments from-a common source; the denommator -
is the probability of 2 match drawn at random from the reference population in wluch the ]
frequency of the matching “genotype” is P. The likelihood ratio L in the text is.mot -~
compured in this way, and there need be no “match” (accordmg 10 some- preset match
rule) in the fragments.. The numerator of L represents the- probability density of the
measured differences in fhe fragment lengths (whether or not they fall into some
preordained match window) for a commion source. 'I‘he—f‘enammator is. the probablhty.
density for these differences (without regard to any puset bins or binning rules) for the
crime sample and one drawn at random from the reference popu]atmn 7 . ‘

254. See Donald A. Berry, Inferences Using DNA Profiling in Forensic !dem:ﬁcanon
and Patemzty Cases, 6 STAT. Scl1. 175 (1991); Bernard Devlin et al., Forensic Inference
Jrom DNA Fingerprints, 87 J. AM. STAT. ASS'N 337 (1992), Jeffrey Morris et al.,
Biostatistical Evalugtion of Evidence from Consinuous #llele Frequency Distribution
Deoxyribonucleic Acid (DNA) Probes in Reference to Dlspured ‘Paternity and Identity, 34
J. FORENSIC. SCI. 1311 (1989); cf. D.W. Gijertson et al., Calculation of Paternity Using
DNA Sequences, 43 AM. 1. HUM. GENETICS 860 (1988) (]1ke]1hood ratio for patemlty)

255. Samplmg error refers to possxble differences between the sample ‘and the
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‘ unreasonable or. based on pnnclples not generally accepted among the :
‘ stansncal commumty Therefore, as wnth match frequencxes. unleas:
 likelihood tatios are so umnte]llglble as.t0 provide no-assistance to the - -
©jury orso mlsleadmg as to be unduly preJudlclal they should be admtsm- B
‘ble. - , . : RIS
Prejudtce seems the more senous of these pOSSlbllllleS. As wnh match S
frequencles, the proposed hkehhood rauos do not account for laboratory‘ e
' error, and a jury might. mlsconstrue even a. modlﬁed versmn that did as: .
a statement of the odds in favor of 5.6 Just s these ob_]ectlons trackt L
those made against the matchmg frequency, 8o do the reJomders Once, L
again, admission of the llkelxhood ratio L should not be allowed unless the - L
risk of a false positive is mcorporated forma]ly or placed along sule it, -
As for the second possible mlsmterpretauon of L, that tao is a questlon L
of jury psychology, and the answer istoo uncertain to warrant excludmg_'-
a statistically acceptable calculation, - An expert who- desu'es to present a
reasonably computed value of L, elther asa subsutute for ora supplement
to P, should be allowed to do so - Ll
;f

D -The Pastenor Probab:my (rormat
The likelihood ratio, whtle an xmprovement 'd‘-er the matdh‘-blnniﬂg
frequency, is still one step removed from what the judge or jury. truly’ ‘
seeks—an estimate of the probabmty S | X) that the’ crime sample isthe ' .
suspect's DNA given the observed fragment Jengths X in DNA extracted L g
from the samples. Recognizing ‘this, a number of  statisticians - have |
argued that the likelihood ratio should not be presented to the jury in'jts =~ - -
own right,™* but should be used to estimate the probability that the -~ © ...

ey

population from which it is drawn. o F

256. The possibility of misinterpretation is ptesent m e use ‘of the phrase “xdexmty B :
index” that Devlin et al., supra note 254, at 341 “propose for the likelihood ratio in this 5"~
context. It also is present with a proposal for “a verbal convention, which maps - fmm )
ranges of the likelikood ratio to selected phrases™ like “strong’ evidence” - or “weak-
evidenca.” . Jan W. Evett, Comment, 6 STAT. Scl. 200, 201 (1991)." Cf David H. =
Kaye, The Probability of an Ultimate Issue: The Sirange Cases of Paternity Testing, 75
Iowa L. REvV. 75, 99-100 (1989) (criticizing the - compa.rable convention of verbal ’
predicates” used in paternity testing). .

257." 1f anything, one might argue that inasmuch as L iocludes all the mfnrmnnon inP ..
and more besides, it should be required, and P should be excluded. -+ Some jurors,
however, may find the less statistically sophisticated P a more comprehensible fignre.
As long 2s both quantities are relevant and not unduly prejudicial, it should be left w0 the. -
proponent of the evidence to decide whether 1o introduce P, L, orboth. -

258. See, e.g., Event, supra note 256, at 201 ("[Jlust leaving a court with a ltkelihood
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suspect is the' source of the cnme sample A L
been- wxllmg to speak to this probablllty.‘-sln--Sm:th v Deppzsh %0 the'f : ;'
state’s “DNA experts informed the j jury that . there was more than a‘(‘
99 percent probability. that Sm:th was a: oontnbutor of the Semen found S
on the swab.” - Likewise, in Srate V. Thomas,"‘ a geneuexst tesuﬁed that-‘.,:_» FR
“the likelihood that the DNA found i in Manon s pant:es came from the R
defendant was higher than 99, 99%.” _ . 4 -
Before accepting such pronouncements as admsmble—as these courts F
apparently have—one should ask how these probabllmee are obtained and ‘
whether they are appropriately placed before a jury. Although the .
opinions are silent on these: matters, qnly one. mathematically. valid
procedure is known for arriving at a probability that a defendant is the
source. From the DNA testing in question- and data on the dlstnbutlon
of the VNTR fragments in the reference populatlon we can estlmate ‘the -
probability P(X | S) of the measurements X given the hypothems ‘S that -
the suspect is the source of the DNA. L1kewnse, we .can estimate the - - Sl
probability P(X | O) under the alternative. hypothems O that the cnme‘ o “ o
sample DNA comes from another source. For concreteness, ‘suppose, as .- o
before, that these probabilities are 9/10 and 1/100000 respectwely S
They are conditional probabilities in that they pertam 10 an outcome (X)_
on the condition that one or another hypathesis (S or O) is true. But the - -
conditioning runs in the wrong disection. We seek P(S | X), the . [N |
probability that the defendant is the source of the crime sample given the
data X, or P(O | X), the probability that someone clse is the source given. L
this same information. We already have seen that P(O IX) is’ not'_ R
1/100,000—to switch the letters around'like: this i3 to commit the '
inversion fallacy.>® To invert P(X | S) or P(X.'I O) correctly takes more

ratio does not seem enough.™); ¢f. Stephen E. Fienberg, Comment, The.lncreasing
Sophistication of Statistical Assessments as Evidence in Discrimination Litigation, 77 1. -
AM. STAT. ASS'N 784 (1982) (criticizing presentation of a relative likelihood function).

259. See e.g., Berry, supra note 254. . But see Donald A, Berry, Rejoinder, 6 STAT
Sc1. 202, 203-04 (1991). The NRC panel pretermitted all proposals involving likelihood -
ratios or posterior probabllmes on the curious ground that “no forensic laboratory in this
country has, to our knowledge, used Bayesian methods to intérpret the mphcanons of -
DNA matches in criminal cases,” NRC REPORT, supra note.15, at 62. Underthis =~
reasoning, the panel sheuld not have urged external blind proficiency of laboratories by a
federal committee as a prerequisite to admissibility and should net have proposed the - -
ceiling method of computing match-binning probabilities. - o .

260. 807 P.2d 144, 148 (Kan. 1991). ' ‘ S

261. 830 8.W.2d 546, 550 {Mo. Ct. App. 1992)

262. See supra Part II(B)2).
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work The correct answer however 1s well-knowu a6 L s

Odds(S | X) < L'Odds(;‘;')-\; S ' (3)

' ln words, the postenor odds (consulermg the fragment !engths X) that r.he _

defendant is the source are Just the hkehhood Tatio times the pnor Odds'v S E

(those formed without. knowmg this. mformauon) 2% In our, r]lustrauon L
='(9/10)/(1/100,000) = 90, 000 Startmg from the (dubrous) premrse‘ o

" that the presumption of mnocence should e mterpreted to mean that. the" S

defendant has the same chance as anyone else in the United States of
being the source of the crime: sample,’f_5 it fo]lows that the DNA evrdenoe s
raises the odds of S to 90,000/300,000,000 = 3/10; 000.: Alternatively,
starting with prior odds of one, the DNA evrdence prompts the conclusron_
that the posterior adds are 90,000 to one. . v
Expressions like (3) have a. nch l:ustory in statrstlcs and law Known a

as Bayes’s rule because of their am:r:stry,z“ei they have been the sub_]ect of .. -

a protracted debate among academically mclmed lawyers and statrstr-.‘;“"f

cians. In courtroom practice, three- procedures have been used. In the . :

expert-pnor—odds implementation, .the scientist unphcrtly or exphcrtly '

selects a prior probability for the jurors; | apphes Bayes’ s ‘rule; .and

informs the jury that the scientific evrdence establrshes asingle probabrlrty;;

for the event in question, The | prosecution’ relred ona Bayesran analysis R

of this type in- State v. Klindt,*® a gruesome Chainsaw murder case
decided before the emergence ')f DNA testmg, and the Supreme Court of =
Towa affirmed the admrssron of : a statrsnclan 5 tesumony as to a postenor

263. See, eg., MICHAEL 0 F]NKEISI'FJN & BRUCE LEVIN ST.msncs FOR LAWYERS
93 (1990). ]
264. The odds in favor of an event are the probabl]lty that it wﬂl occur dmded by the :
probability that it will not occur. - Hence, - Odds(S) = P(S)/P(0) -and. Odds(S 1 X =

P(S | X)/P(0 | X). . For instance, if the probability of an event is ll4 then the odds are .‘

(/41 - 1/4) = 173, or 1:3,

265. This interpretation of the presumpuon of innccence is found in John Kaplan,
Decision Theory and the Factfinding Process, 20 STAN. L. REV. 1065 (1968). If the
population of the United States is 300,000,000, the prior probability is 1/300,000, 000 and
the prior odds are 1/299,999,999 = 1/300,000,000.

266. They date back to a paper appearmg in 1763 and attributed to the lats Reverend
Thomas Bayes.

267. See generally Symposium, 13 CARDOZOL; R]-:v Nos. 2-3 (1991); David H. Kaye,”
Introduction: Whar is Bayesianism?, in PROBABILITY AND INFERENCE IN THE LAW OF
EVIDENCE: - THE LIMITS AND USES OF BAYESIANISM 1 (P. Tillers. & E.C. Green eds.,
1988), reprinted as What is Bayestamsm? ‘A Guide far the Perp[exed 28 JURIME]'R]CS 1.
161 (1988). :

268. 389 N.W.2d 67C (lowa 1986).

T
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probability in excess of o percent ‘that atorsg mund in'the )
U ‘however, that the ITowa. u)urts j eclated the: bas:s ot‘ the caleulatia
. For years, courts in’ cml patemlty cases . mvolvmg testmg ) anngens
"half.*® These courts probahly dlﬂ not recogmze the Bayes:an nature o
" apprised of the foundations of thess probabllmee ‘have. contmued t

‘clearly ill-advised. Tt does nat permit or assist the Jury. in m!egratmg the ;

.  exceed some threshold that expresses e poini at which the reasonable -
© doubt standard is satisfied. But this precedure: reusec serious questlons

" '{1989).

River was what 'emamed of the, defenuant smssmg wxfe It

routinely admitted testnnony of pestenor probabﬂmes wmputed under the
ad foc and often undlscloseu selecnon of a prio probablhty o one-

the probablhty of patermty laid before them, but wurts unmlstakabl“

approve of them.”™ - Nevertheless, -the ﬂxpert-pnor-odus approach is’

scientific proof with the other evndenx in the case._ lnstead it requuen
the jury 1o defei ‘to the expert’s chmce of the prior odds, even though t.he
acientist’s special knowledge and skill merely extend to the producuon of

“the likelihood ratio for the scientific ev&dence

A second approach—the jury-prior-odds mplementanon—overcomes -
this defect. it requires the jury to articulate prior odds, to use them as o ':'
prescribed by (3), and to retusn a verdu:t of guilty if the posterior: odds

about the jury’s ability to translate beliefs into n.ambc:s"" and about the o o
desirability of ’J“ﬂﬁhf)’mg the vague concept of reaeonall_ : doubt.m""lt
too, is far from optimal. ' ,

269, This practice first was crmelzed mlm Ellman & DaVLd Kaye, Probabdmc: tmd
Proaf: Can HLA and Bicod Group Te.mng Prove Pmemny? 54 N. Y u. L.-Rev. laSl
(1979). :

270. A few have lmposed resmcuons on the practice. - See, e. & ,\Commonwwlﬂ: v.
Beausoleil, 490 N.E:2d 788 (Mass.-1986) (croiticized in Kayc ‘supra note: 256.. In ;

sl

~ Piemel v. Walter, 735 P.2d 1209 (Or. 1987), the Oregon Supreme Cour; rejecied. the

expert-prior-odds implementaticn in favor of the variable-prior-odds Bayesian pmeedure v
discussed, supra text accompanying note 263. See David H. Kaye, Plemel as.a Primer : K
on Praving Paternity, 24 WILLAMETTE L. J: 867 (198B), Some rape cases in which the - N R
proseciition relies on a “probability of paternity” using undxselosed priof. odds of one ’ o
have generated appellaie opinions -critical of that pmbabllu:y See, €3., State: V.
Hartman, 426 N.W.2d 320 (Wis., 1988) Howeler. the opmmns are not wehreasoned. '
See Kaye, supra 25€. . :
271. See Tribe, supra note 23 David H. Kaye Comment;. {mcer:amn in DNA e
Profile Evidence, 6 STAT. SCI. 196, 195 (1991). " g e
272, See Charles R. Nesson, Reasorable Doubt and Pemumve Irq"ercncw T‘u Value :
of Compiexity, 52 HARY.SL. REV. 1187 (1979); Tribe, suprz noie, 232. Compare - )
generclly Charles R. Nessan; The Evidence ar the Event? On Judiciui Proof and the = =~ %
Acceptability of Verdicts, 98 HARV: L. REV. 1357 (1985);: wigh -Dauiel - Shapiro, =7 .
Statistical-Probebility Evidence and the Appe:zrzmce of Jamr:e 103 HARV L: REV 530 PR

iy

=
.‘ [ .
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The th.ll‘d approach mrcumvents most of these problems

- vanable-pnor—odds mp!ementauon, the expert nelther uses h1s own pnor‘.
.odds nor demands Ihat the “jurors arttcnlate theu' pnor odds for substltu,
tion into Bayes’s rule. - ‘Rather, lh/e ,,:pert rresents the lu.ry thh a»tablef

or graph showing how the postenor probabxltty changes asa f'unctton of.

the prior prubabthty 74 . Bayes's rule. merely acts asa heunstlc devwe,

dlsplaymg the foice of the ewdence acmss a w1de range of pno:_:

probabilities. Noj juror need adopt Bayes’s rule or any pnor probabﬂ:ty,

“but all jurors can see the distinction between: P(X'| 0), the probablllty of
the evndence under the hypothe51s that someone: other thau the: defendant -
is the source, and P(S | X), the probabthty that the defendant 1s the

“source given ihe. evxdence.

Thus, the vanable—pnor—odds lmplementatmn of Bay&s 5 rule should' T

be at L,ast permssnble.m It has the potenual of preventmg the judge and=, L
jury from mlscansmnng the match—bmnmg probabdlty P(Mp ] 0} as the’ﬁ T

prebability of innocence, from mistaking the probablltty PX: | O) T mr the ; .:‘f g
probability of innocence, and from nnsmterprettng the hkehhood ra_no L.~

273. See Ellman &: Kaye, supra note 269; Kaye supra nnte 2‘71

274." Michael O. Finkelstein &. W"tlllam B. Fairley, 4 ‘Bayesian . Appraaclz ro_
Identific=tion Evidence, 83 HARV. L. REV. 489 {1970). For L = 90,000, the postenor L
probabthty approaches one for all but invisible values of P(S). .For example, the prior- ;.-
probability would have w0 be abous 1/100,000 of less to keep the posterior 1o less than -

cne-balf.  On the other hand, for smalier’ likelthond ratios the  graph. responds to P(S)

over a broader range. -Consider th match-binming frequency of 1/17 recompuied in Yee = -
" according to the ceiling method. “See supra note 148 and 151. Jf this frequency were: ;= .
used to form the Tikelihood ratio L = 17 as descnbed supra mte 253 the graph. would‘ R

loak like this:

Figure 2
Posterior v3 prior proboblily for Lel? -

L=

Y
r 3

i . bt 02 03 04 03 J8 oF O 09 .
: ) "

275. The main drawback of the vanab]e-pnnr—odds lmp!ementatmn is that'it does not
Thic is not wrong, as long as one

neczssarily incorporate the risk of Iaborztory emor.

make it clear s¢hat likelihood is being ‘sstimated. The concem is that the emphasis‘on -

the rumbers that are available may lead the jury to overlook this consideration.. As with

the likelihood o or other probabilites,. however, the most msnmble respr s is 0.

insist that no DNA results be admirted without tnformauon on the Tae of falsw :smves
as determined by external profi etency testmg
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as the postenor odds ot‘ gullt Of course, when L is 1mmenseenougl1 -
~ swamp any plamx‘:le prior probabﬂnty, these mferennal errors may beof

no great moment, but when ithe most conservatlve procedures fora SRR
' computing probabilities ate used to generate unduly modwt values’ forL P E e

the need for the jury to see how slrongly even these underestimates affect:
a repsonably ascertained . prior probablklty i greatest 27 The exper:.'_.f_‘i’. Sl

should not be precluded .from presemmg a mar.hematlcally valld and

possibly revealing explanation of the srgmﬁcance of the fragment 1engths e

CONCLUSION

Analysis of DNA samples can produce revealmg ev1dence of xdenuty, L

but the search for a procedure ¢ convey—mtelhglbly, accurately and

fairly—the probative value of such ewdenee has proved challengmg -The L

dominant method for assessing dhe evidential sngmficance of DNA
evidence in this country entails a declaration that \’fwo samples either do
or do not match, followed, in the case of a nmtch by an estlmate -of the -

matching genotype frequency in some reference pon*)ulatmn Some of the -

controversy that surrounds this methodology is spemous For example, v
with regard to the matching phase; once a match is, declared most. -
arguments about the nverbreadth of a maich- window are msleadmg

; " Other arguments are less easily resolved. Of these, . .the- most‘
promment and effective inTecent htrganon is the concern thatpopulatlons :
could be structured in ways that seriously vitiate the populatmn frequency N
estimates. - This scientific issue warrants more reﬁned and complete

judicial scrutiny than it has received. The question is not whether there

is absolutely no structuring.?” It is not whether there are absolutely no
departures from genetic equilibria.”® It is whether the structuring.and the ‘_
deviations that it induces have an appreciable 1mpact on VNTR genotypf‘ '
frequencies in the relevant population. ‘

There is very little evidence, and certainly no sc1entlﬁc oonsensus tha.t
the impact is substantial in’ any known populatzon But nexther are
populirion geneticists and stat_lstlmans unanimous in dismissing the
concern. Where the reference population is a broad and probably

276. See supra note 274, ‘ y :

277. Likewise, in Frye jurisdictions, the quesnon is not whether the scientific
community agrees that there is absolutely no structuring.

278. .In jurisdictions that have adopted the Frye standard, the question is ot whether

- scientists agree that there are absolutely no such depanures
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- dlffcrences in genotype frequenctes rarely aIe dramattc ancl often favor;j--

dcfendants Where the reference popu]auon 1s ttselt' a subpopulatlon, .

however, requiring resort to extrﬂmc ovarestmatmn procedures, such as;

the one called for by a commJttee of the Nanona! Research Council; is

more defensible. Still, to the extent that it is feasible to produce a senesr."

of estimates- that show not only the best estimate for the subpopulauon, : i _&
but also how much that estlmate could be in error, th:s solunon may not" e

be needed

‘ Beyond the debate over populatton stmcture xs ax:\ 1ssue that has ]ead ‘ 3 _' ]
one jurisdiction to eschew probability. estimates altogether Even when S
a suitable reference population frequency can be computed, it: may be: co

misinterpreted. To avoid prejudice, however, it sufﬁces to bar the‘_ﬁ‘
proponent of the evidence from mtscharactenzmg the match-bmnmg.> :

frequency as the probability of a false " posmve or the probablllty of.
innocence and to apprise the jury of the probabthty of a false pos1t1ve L

In sum, given the current state of scxcnnﬁc knowledge, match-bmmng o

frequencies should be admissible, at least in general populatton cases, and R

perhaps in most subpopulation cases as well.

This is not to say, however, that such frequem:tes are the best way o

express the evidential value of DNA testing. To the contrary, the match :
vs. no match decision produces=a false dichotomy. —There is little

difference between samples that almost match and samples that do not - .

quite match. The likelihood ratio, which states how much more probable
it is to find the observed degree of similarity when the defendant is the
source than when someone else is, ‘overcomes this difficulty. This
quantity should be admissible, either in lieu of or in addmon to a match-
binning frequency.

Finally, testimony of the probability that the defendant (or someone
else) is the source of the DNA in the crime sample should be admissible
if the calculations conform to Payes’s rule ang if they do not rest on a
prior probability that the expert, rather than the jury, has produced. A
Bayesian presentation should involve variable prior odds so that jurofs _
can consider the other evidence in the case and are not compelled to

accept an expert’s prior probability or to force their own beliefs intoa

mathematical mold.
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, These conclusions rest ona part]cular phllosophy concemmg the role RIS
. of expert witness and _;u:y "The task of the expert is to assist the Jury‘m‘
" evaluating eVJdence that it would be hard-pressed to, understand fu]ly :

‘ its own. The task of: the jury.is- to decide what the: ewdence provm .
WithDNA evidence; the expemse of the lahoratory techmcxan or sc1entxst :
is needed to explam what lies behind. the pattem of dark bands on an‘ i
autoradiogram. The expertise of the statistician'is needed to explam how '
probable the patterns are under. various - hypotheses \and ‘how _ these - (o
probabilities affect the plausibility of these hypotheses. - ‘Unless more -~

i ferential errors are likely to arise with the expert testlmony than wnhout' L .
it, the rules of evidence should not bar experts from prov1dmg all or' S

scre of this information to a jury. And, where the range of uncertainty”
' can be described, the law should not force an expert 1o present: ‘this
mforrr.pnon in a manner that always favors one. party over another
Because it is far from obvious which method of presentanon—match- o
binning with basic bins, match-binning with overestimation, likelihood -
ratio, or Bayesian—will prove most helpful to all jurors, the courts should T
permit the litigants to advance the combination of reasonably. computed""' b
statistics or probabilities that they ‘deem most suitable.: A healthy ,
pluralism is preferable to a rigid catechism. : R

[/
s/
J,‘{,A}:(, .
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of the frequency seeu in the major “race” w:th the largest frequency

APPENDIX 1‘I-IE INTERHVI CEILING PROPOSAL

As noted in the body of the artlcle, thc NRC comm:ttee s quest for :
suitably cunservanve procedure does not stop at the 1mposmon of the 5% R
lower upper bound. Until subgroup studies are complete ‘the panel calls . -
for still Ingher ceilings. ‘It recommends that each “allele™ frequency be S e
taken to be the higher of either 10% or the “upper 95% confidence Hmit> * *

The upper end of a confidence :merVal "'The proposal to us"";these

,vaulted ‘ceilings from racial databases while awaiting  the' remlts of

subpepulation studies does not flow mexorahly from any generally_ o
accepted scientific or statistical theory. Indeed, tiie upper bound of the i
confidence ‘interval is presented candidly, as “a pragmanc approach o :
Tecoguize uncertainties incurrent population sampling. "™ The emumerat-
ed “uncertainties” are the samphng method—“the current cnnvemence :
sample’ manner”?*—and sa.mplmg error w21 e

As a response to these concerus," it

using the 1 “PPCI' end ofa confideuce-' R

interval is most peculiar. To see why, one must. understand- Just what a;:, .

confidence interval is. Contrary to the view expressed by some courts, =

confidence intervals do not account for any and all errors in esumatlou o

Confidence intervals are one way to address one. kind of error. They

express the likely range of samplmg error in a probabrhty sample—one L

in which every item sampled has a known prebability of bemg selected o

When, and only when, the prnbablhty structuse: of the sample is known

can a 95% confidence interval be said to bé the result of a procedure that,:

under repeated samplmg, would generate mtervals that' capture the true

value about 95% of the-iime. '
When convenience samples are collected the laws of probability -

cannot reveal how the statistics from the samples will' Dekisve, The

variability and bias ansmg {from convenience sampling are, quits '".mply,

not addressed by ccnﬁd..nce intervals, which are directed to the variabili-

ty in unbjased, random ‘samplmg Computing a conﬁdence interval for

a non-probability sample may be a “pragmatic™ response to the concern

279, NRC REPORT, supra note 15, at 92 {emphasis added).

280, M. at92.

2Bl. See supra text accompanying note 147,

282. See Brock v. Merrill Dow Pharmaceuticals, 874 F.2d 307, 312 (5th Cir, 1989)
cert. denied, 494 U.S. 1046 ([990) Contra Michael D. Green, Expert Witnesses and
Sufficiency of Evidence in Toxic Substances Litigation: The Legacy of Agent Orange and
Bendectin Litigation, 86 Nw. U. L. REV. 643, 666-63 (1992).
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over the samplmg method but onlv 5 thig? c'same Sense that'usmg brg bins-
isa pragmatrc response to thie r:oncern about’ populatron structure ‘The -
committee embraces the former, while it shuns the Tatter. /- ' R
The second Justlﬁeanon for the upper ‘end of the 95% conﬁdence .
. interval on each allele frequency fares no hetter A conﬁdence mterval
is a reasonable response to a concern “about” sample srze, but the L
committee’s proposed- treatment of these- mtervals Temains pecuhar In
a small database, very rare, ‘alleles are likely to be underrepresented and
the estimate of any allele’ ‘frequency is mherent[y uncertain in the Sense .
that another sample could produce somewhat different estrma_tes ‘With - :
small databases, then, it might be apprbpriate to pick an a pﬁbn‘ lower
bound for the rarest alleles.’” But this could not justify using only the
upper end of a confidence interval, especxally in broad ramal and ethnic
databases that are reachmg apprecxable sizes. ]nstead the obvious way
to cope with sampling errcr is to present an interval estimate of the
match-binning frequency P computed after the best avaﬂab]e esnmates of
each allele frequency are applied in (1) and (2). 2.
The 10% floor on the ceilings. The substitution of 10% for t.he ‘5%
lower upper bound while awaiting direct studies of popu]atwn_ strueture
“is designed to address a.remaining concern that populations might be -
substructured in unknown ways with unknown effect and the concern that
the suspect might belong to-a population not represented by existing
databanks or a subpopulation within a heterogeneous group.”™ Butany -
concern about ‘the suspect’s racial and ethnic identity is misplaced. It
bears repeating that the pertinent reference population is not the defen-
dant, but all people, of whatever race and ethnicity, who plausibly might
‘ve suspected of leaving the trace evidence,” And, the choice of 10% is
no more scientific than the earlier choice of 5%. Both rest on an - oy,
unarticulated balancing of conipsiing -policies. ’ :

283. See Chakraborty et. al, supra note 90.

284. See id.; Weir, supra note 45 (emphasizing the fact that a eunﬁdence lumt of a
product . . . is not the product of the confidence limits™).

285. NRC REPORT, supra note 15, at 92. : :

286. See supra text accompanying note 155; NRC REPORT, supra note 15 at 85,





