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at presentation stage and, second, no statistician
has yet to suggest to me a more practical method of
solving the problem. I eagerly await the response of
readers of this journal.

Two of the other discussants raise the issue of
band independence and multiplying probabilities.
This has attracted enormous interest in the United
States. A lot of it, apparently, from eminent people
who hitherto had little or no experience in the
forensic field. It is good that such people should
take an interest, but it is important that they
should realize that they have entered a field that
may have requirements, strictures and problems
that are different from those that they are accus-
tomed to working with. Frankly, I find the dis-
cussions of Hardy-Weinberg equilibrium, linkage
disequilibrium and population substructuring con-
fusing and often of no more than tangential inter-
est. The important question for me is not “can I
prove independence?”’ but “is there any evidence of
dependence effects that would have any practical
impact on operational casework?”’ The robustness
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I thank the dicussants for their clear and insight-
ful comments. All discussants have important con-
cerns and identify important problems for future
research. I am pleased that all four seem to favor
the approach I describe in preference to match/
binning. The editors tried to find discussants who
use match/binning and who would argue its mer-
its, but unfortunately they were unsuccessful.

While I have no major disagreements with the
discussants, I will respond to some of the points
they raise.

RESPONSE TO LANGE

Lange correctly points out that I did not dwell on
departures from the independence assumptions. In
Berry, Evett and Pinchin (1991), we extend the
results of the current paper to the bivariate setting
of pairs of bands on a single-locus probe. The ap-
proach does not assume independence of the two
bands. The second “key independence assumption”
is more difficult to relax since going to higher
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studies that I have carried out with colleagues have
served to increase the confidence with which we
carry out our casework procedures. Even when we
have constructed artificially stratified simulated
populations (Evett and Gill, 1991), we have failed
to produce effects which would cause operational
disquiet. We have carried out all N(N — 1)/2 com-
parisons in a file of N Caucasians using a file of
Afro-Caribbeans for estimating frequencies (Evett
and Pinchin, 1991) and have shown that even un-
der these conditions our operational procedures are
robust. Our most recent work (Evett, Scranage,
Pinchin and Buffery, 1991) has shown that, if there
are any between-probe dependence effects in U.K.
Caucasians, they are too small to have any practi-
cal effects in case work. We do not take these
results as a source of complacency, nor do we claim
that they have universal implications for all coun-
tries and racial groups. However, we do suggest
that the fears that have been expressed may some-
times grow out of reasonable proportion.

dimensions has calculational and sample size impli-
cations. Unpublished results of Evett and his
colleagues (see Evett’s discussion) indicate that in-
dependence is not a concern for the probes used in
the UK Home Office Forensic Science Service.
However, measurement errors across probes are
highly correlated; research to account for such
“band shifting” across probes is ongoing.

Lange likes the name “identity index” for R. I
like it too. Actually, while I will continue to use
both, neither “Bayes factor’ nor ‘“likelihood ratio”
is ideal. The former carries a bit more philosophical
baggage than R deserves. The latter is somewhat of
a misnomer because R involves Bayesian averaging
in both numerator and denominator.

Lange worries about the ability of judges and
juries to adjust priors to posteriors. This worry is
shared by Kaye, Evett and many others—including
me! Judges and juries should be given (1) informa-
tion they can understand, and (2) information that
is correct. There can be no compromise regarding
(2). If something we provide is correct but we know

Institute of Mathematical Statistics is collaborating with JSTOR to digitize, preserve, and extend access to [[& )z

Statistical Science. RINORY
WWw.jstor.org



DNA PROFILING IN FORENSIC IDENTIFICATION 203

it is likely to be misunderstood, then we may be
clean legally but we have failed intellectually.

Presenting a Bayes factor (or a match/binning
proportion) to a court without instructions on inter-
preting it is a case in point. I recently had an
exchange with a writer for a scientific publication
who wanted to Teport the Bayes factor as
P(G |E)/P( |E) rather than P(E |G)/P(E |I). Appar-
ently, she wanted to have a posterior without hav-
ing a prior—hardly the first attempt at that! When
I protested, she replied that her readers were scien-
tists and not statisticians and therefore few would
understand or appreciate the subtle difference. I
agreed but convinced her not to say something she
knew to be wrong. (Actually, she had no idea
whether it was wrong—she knew only that I said it
was wrong.)

Confusing likelihoods with posterior probabilities
is common and, I think, inevitable. Jurors cannot
help but view a Bayes’ factor (or a match/binning
proportion) as posterior odds (cf. Evett’s discussion).
At a minimum they should be told that this view is
incorrect and that it ignores the other evidence in
the case. As I indicated in my main article, I think
we should go further and try to show the jury how
to incorporate the other evidence and come up with
a juror-specific probability of guilt. But despite the
tone of my article, I am not convinced that this
would do more good than harm.

I agree with Lange that PCRs have benefits over
RFLPs. I also agree that the statistics involved in
using PCRs is less interesting—and that a simpler
inferential process is one of the benefits of PCR
technology. But there are many interesting statisti-
cal issues in PCR technology. In particular, the
measurement error problem may be alleviated
somewhat, but I think it will not go away. And I do
not agree with Lange that checking for possible
linkages among the many loci used is easy.

RESPONSE TO CHERNOFF

Chernoff claims that a basic flaw in the
match /binning approach is multiplying probabili-
ties. Obviously, I am no fan of match/binning. But
—except for the possible lack of independence—I do
not see multiplying probabilities as a flaw. Cher-
noff points out that I did not make it clear whether
match /binning probabilities are P values. I apolo-
gize for this oversight. They are not P values;
match/binning does not involve calculating tail ar-
eas. So some of Chernoff’s'remarks that deal with
P values do not apply to match /binning.

I am concerned that I did not adequately describe
match /binning. Here’s a way of thinking about it.
Suppose humans could be characterized on the ba-

sis of several discrete systems (such as genetic
systems like ABO blood type, which have a finite
number of alleles). And suppose these characteris-
tics are known for a certain criminal. A suspect is
found whose characteristics perfectly ‘“match”
those of the criminal. It makes sense to ask what
proportion of the population similarly matches. And
in calculating this proportion it is correct to multi-
ply proportions of the individual systems—if they
are independent. So far, so good. Match /binners
first discretize an essentially continuous system
and then proceed as though it actually is discrete.
My objections do not concern the way they do this,
but the fact that they do it at all.

I agree with Chernoff that my smoothing tech-
niques are ad hoc. I am comfortable taking b = 1 to
account for measurement error. However, increas-
ing b beyond 1 to account for sampling variability
is but one of many possible approaches, some of
which I have indicated, and all of which come with
some level of ad hockery.

As Chernoff indicates, my smoothing techniques
lower the largest observed frequencies—in essence
robbing the rich to give to the poor. I think this is
good on the whole, but it obviously has some bad
aspects. It increases R when the observed band
weights are very common, and so it is not conserva-
tive. Evett has suggested to me the possibility of
smoothing without decreasing any observed fre-
quencies. This would be conservative, but it also
means having total density greater than 1. This
notion repelled me at first, but I now think this was
an overreaction and was due to one of my axiomatic
hang-ups!

In his section on Reference Population, Chernoff
suggests that it usually makes sense to use the
population to which the suspect belongs. I agree
that this is conservative on the average. But we
don’t have to average: we know the measured band
weights. Suppose a suspect has a band weight that
is very rare for his race but common for other
races. Using his race for reference gives a much
larger Bayes factor R (and a much smaller match
proportion) than would using other races. Should
we use the race corresponding to the smallest R?
Concerning Chernoff’'s statement, “In the Ponce
case the issue was whether the blood belonged to
the victim, and there the natural reference popula-
tion is that of the victim,” I don’t see what’s natu-
ral about it. Consider a match proportion. This is
the proportion of the observed bands assuming the
blood on Castro’s watch is not that of the victim.
So the question is: If it’s not the victim’s, whose is
it? That person may or may not be Hispanic.

In the section on Guilt versus Matching, Chernoff
says that “Matching of the DNA strands may not
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imply guilt.” The converse is also true. As I indi-
cated on page 186, “In this example the suspect
[Castro] may be innocent even if the blood on his
watch is that of the victim. On the other hand, he
may be guilty even if the blood on his watch is not
that of the victim. Handling these possibilities is
easy, but I will avoid the extra algebra by assum-
ing P(blood on watch is Ponce’s | G) = 1 and P(blood
on watch is Ponce’s | I) = 0.”

I do not understand Chernoff’s point (in 6.B) that
“It should be remarked that if Lifecodes type bins
are used in a nonexclusionary fashion, apparent
matching on almost all of the highly polymorphic
probes could be strong evidence, even if there were
apparent failure to match on one or two probes.” If
the “apparent failure” can be explained—by the
possibility, for example, that there are missing
bands—then I agree. But if there is a clear dis-
agreement between any single band measurement
in the suspect and crime samples, then they cannot
have come from the same individual.

Chernoff’s last sentence makes a very good point,
one I have not seen before. Suppose—as is not
unusual—the crime sample is tiny and so will al-
low testing with only a small number of probes.
Which probes to use? Since the suspect’s sample is
usually ample, test it first using all available
probes. Condition on the suspect’s observed band
weights and choose the probes that will be most
informative; usually these will be loci for which the
suspect has rare alleles. Using the probes chosen,
compare suspect and crime samples by analyzing
them together on the same autoradiogram.

RESPONSE TO KAYE

Kaye gives an elegant account of problems using
probability, in the Bayesian approach in particular,
in court. I find nothing to argue with in what he
says, but I will comment on some of the issues he
raises.

I like Kaye’s “weak” versus “strong”’ Bayesian
dichotomy, but I suggest that the names could be
improved: Would anyone admit to being a “weak
Bayesian”? “Limited” and “full” are hardly better.
Perhaps “first degree” and ‘“second degree”? Also,
it might be appropriate to have a name for the
third category Kaye describes, the one that is
weakest of all: present only the Bayes factor R. As 1
indicated in response to Lange, I would like to go
beyond this weakest level, but I would be satisfied
to stop at “weak.”

I agree that the contamination and degradation
of samples are important problems. Suspect sam-
ples should be of good quality and so these prob-
lems should occur mainly with crime samples.

Degradation can result in missing bands, and the
larger the band, the more likely it will be missing.
Also, very small bands can “run off the end” be-
cause of process and measurement limitations.
Berry, Evett and Pinchin (1991) address missing
bands from a Bayesian perspective using subjective
assessments of the probabilities involved. Contami-
nation that may introduce additional bands can be
handled similarly.

RESPONSE TO EVETT

I wrote the article being discussed almost two
years ago. Since that time I have collaborated with
Evett on inferential aspects of DNA profiling, and
he has taught me much. That continues to be the
case in his discussion. He highlights some of the
changes in attitudes toward statistical inference
that have taken place among forensic scientists in
recent years, and it is refreshing to see that
Bayesian ideas are becoming increasing important.
In addition, Evett’s discussion of the difficulties in
presenting quantitative evidence to courts is intel-
ligent and thought provoking.

I do not favor Evett’s “verbal convention,” al-
though I do not consider it “rank heresy.” At best,
it makes incorporating prior opinions difficult, and
I believe such opinions are essential for interpret-
ing evidence. At worst, a verbal convention might
be taken by jurors as a posterior probability assess-
ment, even though this is clearly not intended. For
example, Evett says that R = 450 is “strong evi-
dence.” If the suspect had been selected in some
arbitrary fashion from a large population, my pos-
terior probability of guilt could easily be quite
small. But if the suspect had been arrested at the
scene of the crime, then my posterior probability of
guilt would be rather large.
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