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In 1970, Michael O. Finkelstein (with William B. Fairley) proposed that under some circumstances
a jury in a criminal trial might be invited to use Bayes’ Theorem to address the issue of the iden-
tity of the criminal perpetrator. In 1971, Laurence Tribe responded with a rhetorically powerful and
wide-ranging attack on what he called ‘trial by mathematics’. Finkelstein responded to Tribe’s attack
by further explaining, refining and defending his proposal. Although Tribe soon fell silent on the use
of mathematical and formal methods to dissect or regulate uncertain factual proof in legal proceed-
ings, the Finkelstein–Tribe exchange precipitated a decades-long debate about trial by mathematics.
But that debate, which continues to this day, became generally unproductive and sterile years ago.
This happened in part because two misunderstandings plagued much of the debate almost from the
start. The first misunderstanding was a widespread failure to appreciate that mathematics is part of a
broader family of rigorous methods of reasoning, a family of methods that is often called ‘formal’.
The second misunderstanding was a widespread failure to appreciate that mathematical and formal
analyses (including analyses that use numbers) can have a large variety of purposes. Before any fur-
ther major research project on trial by mathematics is begun, interested researchers in mathematics,
probability, logic and related fields, on the one hand, and interested legal professionals, on the other
hand, should try to reach agreement about the possible distinct purposes that any given mathemati-
cal or formal analysis of inconclusive argument about uncertain factual hypotheses might serve. The
article lists some of those possible purposes.

Keywords: factual inference; mathematical argument about inference; formal argument about
inference; Bayesianism.

In 1970, Michael O. Finkelstein (with William B. Fairley) proposed that under some circum-
stances a jury in a criminal trial might be invited to use Bayes’ Theorem to address the issue of the
identity of the criminal perpetrator.1 In 1971, Laurence Tribe of Harvard Law School responded to
this proposal with a rhetorically powerful and multipronged attack on what he called ‘trial by math-
ematics’.2 Professor Tribe, who went on to have a distinguished career as a scholar of American
(USA) constitutional law, argued that any use of probability theory in trials (particularly in criminal
trials) to regulate the drawing of inference from evidence has a variety of vices.

Tribe’s article focused on the probability calculus in part because he was responding to a pro-
posal to use a theorem of probability theory, Bayes’ Theorem. But in that same article, Tribe said

† Email: peter@tillers.net
1 Michael O. Finkelstein & William Fairley, “A Bayesian Approach to Identification Evidence,” 83 Harvard Law Review

489 (1970).
2 Laurence Tribe, “Trial by Mathematics: Precision and Ritual in the Legal Process,” 84 Harvard Law Review

1329 (1971).
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168 P. TILLERS

that his objections to the use of Bayes Theorem in legal trials have broader implications. The
subject matter of his article was, as he put it, ‘the entire family of formal techniques of analysis
that build on explicit axiomatic foundations, employ rigorous principles of deduction to construct
chains of argument, and rely on symbolic modes of expression calculated to reduce ambiguity to a
minimum’.3

Tribe argued that the use of mathematics and probability theory to model factual inference and
proof in trials (particularly in criminal trials) is a bad idea because:

1. Bayes’ Theorem makes precise what is inherently imprecise;

2. Bayes’ Theorem makes objective what is subjective;

3. Trial by mathematics and statistics is morally and socially offensive;

4. Lay triers of fact cannot understand matters such as Bayes’ Theorem;

5. Numbers tend to dwarf soft variables; considerations expressed in numbers swamp unquantifi-
able considerations, doubts and uncertainties; and

6. Bayesian analysis (at least as proposed by Finkelstein) ignores the possibility of source
uncertainty.

The debate about trial by mathematics—or, more broadly, the debate about the use of formal
analysis to model of evidence and inference in legal proceedings—took many twists and turns after
Tribe’s formidable, rhetorically powerful assault.

Finkelstein and Fairley published several brief rejoinders to Tribe.4 One of the more interesting
rejoinders was made jointly by Fairley and the eminent statistician Robert Mosteller of Harvard
University. Fairley and Mosteller argued that Tribe’s most technical objection to Bayesian analysis
of identification—Tribe’s claim that Bayesian cannot accommodate uncertain evidential premises—
was incorrect; they argued that the product rule for dependent conditional events can accommodate
the sorts of uncertainties (and the redundancies) that Tribe mentioned in his article.5 The attempted
rebuttals by Finkelstein and Fairley had little effect. It seemed to most American legal scholars (to
those legal scholars, in any event, who were not entirely mystified by the debate)—it seemed to most
legal American scholars at the time that Tribe had killed the baby (Bayesian analysis of evidence in
legal trials) practically at the moment of its birth; it seemed to many that the Bayes-Baby was born
stillborn.

3 Tribe, id., 1330 n. 3.
4 Michael Finkelstein & William Fairley, “The Continuing Debate over Mathematics in the Law of Evidence: A Comment

on ’Trial by Mathematics,’ ” 84 Harvard Law Review 1801 (1971); William Fairley, “Probabilistic Analysis of Identification
Evidence,” 2 Journal of Legal Studies 493 (1973); William Fairley & Robert Mosteller, “A Conversation aboutCollins,” 41
University of Chicago Law Review 242 (1974). Tribe responded to the first rejoinder in Laurence Tribe, “A Further Critique
of Mathematical Proof,” 84 Harvard Law Review 1810 (1971).

A more detailed account of these early discussions and debates is given in 1AWigmore on EvidenceSection 37.1 n. 6 &
Section 37.6 (P. Tillers rev. 1983).

5 Fairley & Mosteller, “A Conversation aboutCollins,” 41 University of Chicago Law Review 242 (1974).
David Schum has examined the phenomenon of source uncertainty in great depth. He believes source uncertainty is an

omnipresent phenomenon in evidential inference and he has devoted much time and energy—years of work—to developing
methods for making formal probabilistic arguments based on evidence infected with source uncertainty. See, e.g. David A.
Schum & Anne W. Martin, “Formal and Empirical Research on Cascaded Inference in Jurisprudence,” 17 Law & Society
Review 105 (1982); David A. Schum,The Evidential Foundations of Probabilistic Reasoningc. 7 (Wiley & Sons 1994,
reprinted by Northwestern University Press 2001).
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TRIAL BY MATHEMATICS 169

But it turned out that the baby that Tribe had attacked was hard to kill. In 1975, Professor Richard
Lempert published an influential article that did much to resurrect interest in the use of mathematics
and probability theory to model factual inference and proof in legal proceedings. Although Lempert
said he agreed with Tribe that the ‘costs of attempting to integrate mathematics into the factfind-
ing process of a legal trial outweigh the benefits’,6 Lempert argued that Tribe had overlooked the
possibility of heuristic use of mathematical models of inference. Lempert argued that judges and
legal scholars, e.g. could and should use subjective Bayesian logic to explore their own thinking and
reasoning about inferences from evidence.

But two years after Lempert published his influential article, the debate took a different turn.
L. Jonathan Cohen, an Oxford philosopher, published the influential book,The Probable and the
Provable(Oxford, 1977). In that book and elsewhere7 he called accounts of inference and proof
that rest on the standard probability calculus, Pascalian’; and he argued that another way of thinking
about inference, induction and proof, which he called ‘Baconian’, was also, at a minimum, valid and
important.

Six years later, the debate about the nature of inference and factual proof took yet another direc-
tion. In 1983, three social psychologists—Reid Hastie, Steven D. Penrod and Nancy Pennington—
published the bookInside the Jury(Harvard, 1983). There and elsewhere8 they advanced what they
later called the ‘story model’ of proof: They argued that American juries typically evaluate evidence
in part by constructing stories.

Some observers who were uncomfortable with Bayesian accounts of inference and proof in le-
gal trials found comfort both in the work of L.J. Cohen and in the work of Hastie, Penrod and
Pennington. Some or most of these observers thought that Cohen’s theory was anti-mathematical
and some or many observers thought that an account of inference that emphasizes storytelling
is incompatible with, or at least fundamentally different from, a Bayesian model of evidential
inference.

Many of the protagonists and participants in these debates and discussions, together with some
others, came together in a conference at Boston University School of Law in 1986.9At this con-
ference, many of these participants discovered, or so they said,10 that the differences between their
various approaches and theories were not really as stark or as fundamental as many observers had
supposed. However, some of the participants in the conference—in the main several newcomers to
the debate—stuck to or picked up their guns and insisted that probabilistic mathematical analysis of
evidence in trials either is no answer or is the only answer.11

6 Richard O. Lempert, “Modeling Relevance,” 75 Michigan Law Review 1021, 1021 (1975).
7 See, e.g. L. Jonathan Cohen, “The Logic of Proof,” 1980 Criminal Law Review 91.
8 See, e.g., Nancy Pennington & Reid Hastie, “A Cognitive Theory of Juror Decision Making: The Story Model,” 13

Cardozo Law Review 519 (1991).
9 This conference resulted in two published collections of papers: Symposium on Probability and Inference in the Law

of Evidence, 66 Boston University Law Review 377–952 (1986); Peter Tillers & Eric Green, eds.,Probability and Inference
in the Law of Evidence: The Uses and Limits of Bayesianism(Kluwer Academic Publishers, 1988, now under imprint of
Springer Verlag) (vol. 109 in seriesBoston Studies in the Philosophy of Science).

10 Oral statements of this sort are on file in the mind and memory of the author of this paper.
11 Professor Ronald J. Allen rejected Bayesianism as a suitable method for describing civil trials. Ronald J. Allen,

“A Reconceptualization of Civil Trials,” 66 Boston University Law Review 401 (1986). Professor Ward Edwards, by con-
trast, thought it was high time to replace sloppy thinking and argument in trials with rigorous Bayesian logic. Ward Edwards,
“Summing Up: The Society of Bayesian Trial Lawyers,”Probability and Inference in the Law of Evidence: The Uses and
Limits of Bayesianism, supranote 9.
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170 P. TILLERS

The debate and the discussion about trial by mathematics, of course, continued after the 1986
conference. (It did so in part at several conferences that I organized.12) However, as the years passed,
it seemed increasingly apparent to some observers that the debate about trial by mathematics was
becoming unproductive and sterile. I was one of those people.

It seemed to me that many of the opponents of Bayesian analysis of inference in legal trials and,
more broadly, of mathematical analysis of trials never really understood (and still fail to understand)
what at least some of the proposals for mathematical analysis were all about and that because of this
failure of understanding most of the counterattacks (against mathematical and formal models of fac-
tual inference) were made against a straw theory. For example, it was a mistake for critics of trial by
mathematics to suppose that Cohen’s Baconian theory is anti- or non-mathematical; it was a mistake
to suppose that storytelling is inconsistent with Bayesian or mathematical analysis of evidence with
cardinal numbers13; it was a mistake to suppose that Bayesian analysis is equivalent to objective or
statistical analysis; it was a mistake to suppose that formal or mathematical analysis is necessarily
‘mechanical’ or that formal mathematical analysis necessarily amounts to an ‘algorithm’14; it was
perhaps even a mistake to suppose that non-mathematicians and ordinary human beings could never
be made to understand Bayesian logic or any kind of mathematically grounded account of inference
and proof; and, finally, it was a profound mistake to suppose that the debate over trial by mathe-
matics was really only a debate about the uses of mathematics in or about fact finding in the legal
process rather than (as Tribe himself recognized) a debate about the broader question of uses and
limits of formal argument about evidence, factual inference and factual proof in legal proceedings.
(These points, it seemed to me, had all been orally made to me by the unjustifiably modest poly-
math David Schum. I had also tried to make some of these points in print. But my efforts had been
in vain and I could not understand why law professors did not could not grasp such simple points
or—alternatively—why law professors ignored them.15)

12 Cardozo Conference on Decision and Inference in Litigation, Cardozo School of Law, Yeshiva University, 24–26 March
1991 (the papers were published in 13 Cardozo Law Review Nos. 2 & 3, at 253–1079 (1992)); Symposium on Artificial
Intelligence & Judicial Proof: The Dynamics of Forensic Investigation & Proof, Cardozo School of Law, Yeshiva University,
New York City, 30 April 2000; and Conference on Inference, Culture, and Ordinary Thinking in Dispute Resolution, Cardozo
School of Law, New York City, 27–29 April 2003.

The debates and discussions continued at other conferences and gatherings such as at the Honors Seminar on “The Fabrica-
tion of Facts in Investigation and Proof: Some Possible Relationships between Investigation and Proof” organized by Adrian
Zuckerman sponsored by All Souls College & Oxford University Law Faculty, 9 May 1995.

A very recent example of such a discussion (but not at a conference) is Roger Park, Peter Tillers, Frederick Moss, D. Michael
Risinger, David H. Kaye, Ronald Allen, Samuel Gross, Bruce Hay, Michael Pardo & Paul Kirgis, (2010) “Bayes Wars Redi-
vivus — An Exchange,” 8 International Commentary on Evidence Iss. 1, Article 1. DOI:10.2202/1554-4567.1115 Available
athttp://www.bepress.com/ice/vol8/iss1/art1

13 But cf., e.g. Ronald J. Allen, “A Reconceptualization of Civil Trials,”Probability and Inference in the Law of Evidence:
The Uses and Limits of Bayesianism(Kluwer Academic Publishers, 1988, now under imprint of Springer Verlag) (VOL. 109
in seriesBoston Studies in the Philosophy of Science) (Allen argued that civil trials should be ‘reconceptualized’ as involving
trier’s comparison of the plausibility of equally well-specified cases and that such a comparison cannot be expressed with
either cardinal numbers or ordinal numbers); “The Nature of Juridical Proof,” 13 Cardozo Law Review 373, 381 (1991)
(‘[T]he equally well specified cases proposal would change the probability assessment from a cardinal one to an ordinal one’;
somewhat curiously, Allen views L.J. Cohen’s theory of induction as not based on ordinal numbers).

14 But see Ronald J. Allen, “Rationality, Algorithms and Judicial Proof: A Preliminary Inquiry,” 1 International Journal
of Evidence and Proof 254 (1997); Ronald J. Allen & Sarah A. Jehl, “Burdens of Persuasion in Civil Cases: Algorithms
v. Explanations,” 2003 Michigan State Law Review 893.

15 Very recently I made many of these points—deliberately much more emphatically than ever I had before—in the article
P. Tillers & J. Gottfried, “United States v. Copeland: A Collateral Attack on the Legal Maxim that Proof Beyond a Reasonable
Doubt Is Unquantifiable?,” 5 Law, Probability and Risk 135 (Oxford University Press, 2006). Perhaps people will now listen.
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At about the time that I was thinking such sour and possibly arrogant thoughts, I began thinking
again and at more length about Lotfi Zadeh’s theory of fuzzy sets.16 I was convinced (and I am still
convinced) that fuzzy logic potentially has much to say about how human beings do and should
reason about evidence in legal contexts (and about legal reasoning in general). However, although
I felt this way, I found that I could not escape the suspicion that fuzzy logic does not address some
important features of argument about evidence in American trials and legal proceedings. Although
I was not sure and I still am not sure that my understanding of fuzzy logic was correct, I had the
sense that fuzzy logic is in the main a theory about the natural behaviour of concepts and words in
much the way that meteorology is a theory of the behaviour of the atmosphere. I could not readily
see how fuzzy logic could be used to portray the sort of argument one often hears in courtrooms
and trials about the inferences to be drawn from some collection of evidence, some set of evidential
premises.17 As I thought about this question—as I puzzled over both the power and the limits of
fuzzy logic—I became even more convinced than I had been before that it is very important to keep
in mind that formal argument about evidence (whether the argument uses numbers or not) can serve
quite distinct purposes.

Much of the fear that many legal scholars and judges have of mathematical and formal argu-
ment may be rooted in two intuitions, one of which seems valid to me and one of which does not.
The valid intuition or sentiment that quite possibly lies at the root of much of the distrust by ‘legal
professionals’ of mathematical and formal analysis of evidence is the belief that in legal proceed-
ings argument from and about evidence must be transparent to ‘ordinary’ people such as judges
and jurors. This intuition, or prejudice, is in part rooted in the sentiment that the ultimate deci-
sion makers in legal proceedings must be human beings and in the correlative sentiment or belief
that decision making about evidential inferences cannot be handed over to a logic that ordinary
judges and jurors cannot follow and whose trustworthiness such judges and jurors therefore cannot
assess.

The invalid intuition or suspicion on which legal professionals’ fear of formal analysis rests is the
notion that formal analysis is necessarily mechanical—‘mechanical’ in the sense that mathematical
or formal analysis is necessarily removed from and impenetrable to ordinary human judgement and
intuition and therefore necessarily runs ‘on its own’, beyond the control or effective supervision of
ordinary mortals.

But the responsibility for this mistake—for the mistaken notion that formal argument necessarily
runs on its own and beyond the control of the personal judgements of ordinary human beings—is not
entirely or even primarily attributable to the supposed naiveté of ordinary people. It is in fact the case
that most complex argument about inferences from evidence rests on almost innumerable personal
or subjective judgements. The mistake in thinking that formal argument necessarily works irrespec-
tive of or independent of such personal or subjective judgements and intuitions is probably largely
attributable to the failure of the practitioners of formal analysis to show how formal arguments can

16 The seminal paper, now uniformly viewed as a ‘classic’ in the literature and history of logic, is Lotfi A. Zadeh,
8 Information and Control 338 (1965). The account most accessible to non-logicians and non-mathematicians is Bart Kosko,
Fuzzy Thinking: The New Science of Fuzzy Logic(Hyperion, 1993). The theory has been developed in many different ways
since 1965. It may be pertinent to note that fuzzy logic is said to have thousands of real-world applications, including, most
notoriously, the control of Japanese train schedule and the automatic focusing of digital cameras. As if that were not enough,
Google search also uses fuzzy logic (or so we are told).

17 Part of the reason legal words behave the way they do is because, well, that is just the way legal words behave. But part of
the reason legal words and concepts behave as they do is perhaps because of the arguments that are made about the meanings
and purposes of legal words.
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172 P. TILLERS

be made intelligible to ordinary people (i.e. to non-logicians and non-mathematicians) and their fail-
ure therefore to show how at least some formal arguments can be rooted in and made responsive to
subjective human sentiments and judgements of ordinary people.

After pondering such matters, I arrived at a general conclusion about the enterprise of using for-
mal analysis to analyse evidence, inference and proof in legal settings. I reached the conclusion that
before another major research project on trial by mathematics is launched, interested researchers in
mathematics, probability, logic and related fields, on the one hand, and interested legal profession-
als, on the other hand, should try to reach agreement about the possible purposes that any given
mathematical or formal analysis of inconclusive argument about uncertain factual hypotheses might
serve. Putting aside the special (and comparatively trivial) case of mathematical and formal methods
that make their appearance in legal settings because they are accoutrements of admissible forensic
scientific evidence, I propose, in particular, that discussants, researchers and scholars of every stripe
begin by carefully considering the possibility that mathematical and formal analysis of inconclusive
argument about uncertain factual questions in legal proceedings could have any one (or more) of the
following distinct purposes:

1. Topredicthow judges and jurors will resolve factual issues in litigation.

2. To devise methods that canreplaceexisting methods of argument and deliberation in legal
settings about factual issues.

3. To devise methods thatmimicconventional methods of argument about factual issues in legal
settings.

4. To devise methods thatsupportor facilitate existing, or ordinary, argument and deliberation
about factual issues in legal settings by legal actors (such as judges, lawyers and jurors) who
are generally illiterate in mathematical and formal analysis and argument.

5. To devise methods thatcapture somebut not all ‘ingredients of argument’ in legal settings
about factual questions questions.

6. To devise methods that perfect—that better express, thatincrease the transparencyof—the
logic or logics that are immanent, or present, in existing ordinary inconclusive reasoning about
uncertain factual hypotheses that arise in legal settings.

7. To devise methods that haveno practical purpose—and whose validity cannot be empiri-
cally tested—but that serve only to advance understanding —possibly contemplative under-
standing —of the nature of inconclusive argument about uncertain factual hypotheses in legal
settings.

Over the years, I happen to have been most interested in the fourth possible purpose of formal
argument about and from evidence: ‘To devise methods thatsupportor facilitate existing, or ordinary,
argument and deliberation about factual issues in legal settings by legal actors (such as judges,
lawyers and jurors) who are generally illiterate in mathematical and formal analysis and argument’.
Making and assessing arguments is hard work. Probing the strengths and weaknesses of arguments,
including arguments about evidence and inference, is also hard work. Nothing will ever change that.
But I believe that people who study mathematics and formal logic have it in their power to make
many of their propositions about logic and many of their formal arguments intelligible to people
such as judges and jurors. For example, I believe that pictures and picture thinking may be one
way in which the worlds of the formal and informal sciences can learn to communicate effectively
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with each other.18 If that is the case, the day may yet come when rigorous formal argument about
evidence, factual inference and factual proof looks and feels warm and friendly to ordinary and
mathematically illiterate people such as me.

18 See, e.g. Peter Tillers, “Picturing Factual Inference in Legal Settings,”in Gerechtigskeitswissenschaft: Kolloquium aus
Anlass des 70. Geburtstages von Lothar Philipps(B. Scḧunemann, M.-Th. Tinnefeld, R. Wittmann, eds.; Berlin, 2005), also
available athttp://tillers.net/pictures/picturing.html; Cardozo School of Law Conference on Graphic and Visual Representa-
tions of Evidence and Inference in Legal Settings (28–29 January 2007)http://tillers.net/conference.html& Peter Tillers,
“Introduction: Visualizing Evidence and Inference in Legal Settings,” 6 Law, Probability and Risk Nos. 1-4 (Oxford Univer-
sity Press, 2007).

D
ow

nloaded from
 https://academ

ic.oup.com
/lpr/article/10/3/167/973667 by guest on 20 M

arch 2024


