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Abstract This experiment tested the ability of undergraduate mock jurors (N =295) to draw
appropriate conclusions from statistical data on the diagnostic value of forensic evidence. Jurors
read a summary of a homicide trial in which the key evidence was a bullet lead “match” that
was either highly diagnostic, non-diagnostic, or of unknown diagnostic value. There was also
a control condition in which the forensic “match” was not presented. The results indicate that
jurors as a group used the statistics appropriately to distinguish diagnostic from non-diagnostic
forensic evidence, giving considerable weight to the former and little or no weight to the latter.
However, this effect was attributable to responses of a subset of jurors who expressed confidence
in their ability to use statistical data. Jurors who lacked confidence in their statistical ability
failed to distinguish highly diagnostic from non-diagnostic forensic evidence; they gave no
weight to the forensic evidence regardless of its diagnostic value. Confident jurors also gave
more weight to evidence of unknown diagnostic value. Theoretical and legal implications are
discussed.

Keywords

Forensic science is playing an increasingly important role in criminal trials. In order to link
a defendant to a crime, prosecutors have presented expert testimony on a variety of forensic
techniques such as DNA analysis, fingerprint comparisons, toolmark comparisons, and bullet lead
analysis (Thompson & Cole, 2006; Faigman, Kaye, Saks, & Sanders, 2002). When presenting
forensic evidence, experts typically testify that a characteristic associated with one sample (e.g.,
a sample from a crime scene) “matches” a characteristic of another sample (e.g., one taken from
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Analyst’s Underlying Fact: Conclusion:
Testimony: Items Share Items Have
Items “Match” Characteristics Same Source

Reliability Diagnosticity

Fig. 1 Reliability and diagnosticity as distinct elements of the probative value of a forensic “match” for proving
the matching items have a common source

the defendant), thereby suggesting that the samples may have a common source (Thompson &
Cole, 2006).

When considering the inferential tasks faced by jurors who must evaluate a forensic “match,”
it is helpful to distinguish two elements that David Schum and his colleagues have labeled
reliability and diagnosticity (Schum, 1994; Schum & DuCharme, 1971). As illustrated by Fig. 1,
the reliability of the forensic evidence is its value for proving an underlying fact: that two items
share a characteristic or set of characteristics. The diagnosticity of forensic evidence is the value
of the underlying fact (the shared characteristics) for establishing that two items have a common
source.

For example, jurors who hear that a defendant has the same DNA profile as a bloodstain found
at the crime scene must consider the reliability of this evidence. Do the DNA profiles really
match? Could there have been a laboratory mistake? Jurors must also consider the diagnosticity
of this evidence. Could this “match” be a coincidence? How likely is it that another person
would have the same DNA profile? When making these judgments, jurors sometimes consider
statistics (Thompson & Cole, 2006). For example, jurors may hear that the false positive rate of
a forensic test is less than 1% or that only one person in a thousand in a reference population has
the matching characteristic (Thompson, 1989). Ultimately, jurors must integrate probabilistic
judgments about both the reliability and diagnosticity of forensic evidence in order to assign it
weight (Thompson, Taroni, & Aitkin, 2003).

In order to learn more about how (and how well) people make such judgments, we examined
mock jurors’ evaluations of a particular type of forensic evidence: compositional analysis of bullet
lead (National Research Council, 2004). While we could have addressed our research questions
in connection with a variety of types of forensic evidence, bullet lead evidence was particularly
appropriate because normative models exist that specify how jurors should evaluate the strength
of bullet lead evidence (Thompson, 2005), and these models can be used as benchmarks for
human performance. Bullet lead evidence also has the advantage (for research purposes) of
being relatively obscure, which makes it unlikely that mock jurors’ reactions to it will be
influenced by preconceptions about its reliability or diagnosticity (as might be the case with
DNA evidence or fingerprints).

Bullet lead evidence

The FBI developed compositional analysis of bullet lead in the 1960’s and used the technique for
nearly 40 years to link bullets recovered from crime scenes to boxes of ammunition owned by
suspects (Finkelstein & Levin, 2005; Imwinkelried & Tobin, 2003). The lead alloy used to make
bullets contains trace levels of various elements, such as copper, arsenic, antimony, bismuth,
silver, cadmium and tin. FBI analysts used sophisticated instruments to measure the levels of
these trace elements in order to develop a chemical profile of each bullet. The FBI assumed
that bullets in a particular box are more likely to have originated in the same molten vat of lead
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alloy and consequently more likely to have matching profiles than bullets from different boxes.
Therefore, they testified that a bullet lead “match™ was evidence that the bullets in question
came from the same box (National Research Council, 2004). Bullet lead testing was particularly
important in cases where the crime scene bullet was too damaged or too fragmented to compare
to a particular gun, or where no gun was recovered.

Recently, a series of scholarly articles called into question the validity and probative value of
bullet lead evidence (Randich, Duerfeldt, McLendon, & Tobin, 2002; Tobin & Duerfeldt, 2002).
In a few criminal cases the admissibility of bullet lead evidence was successfully challenged
(e.g., United States v. Mikos, 2003). As the controversy grew, the FBI commissioned the National
Research Council (NRC) to convene a panel to study the scientific legitimacy of bullet lead
evidence. In its report (National Research Council, 2004), the NRC panel called for some
improvements in the FBI’s methods for “matching” the chemical profiles of bullets, but found
the method overall to be reliable. The panel suggested, by way of illustration, that the hit rate of
the FBI procedure—i.e., the probability of declaring a match between two samples from the same
molten vat of lead—was approximately .90, while the false positive rate of the procedure—i.e.,
the probability of declaring a match between bullet from different vats—was only .002.

On the other hand, the NRC panel raised concerns about the diagnosticity of bullet lead
evidence. It pointed out that a single vat of molten lead might be large enough to produce as
many as 35 million “matching” bullets, and that these bullets might be distributed together
through the supply chain such that large numbers of “matching” bullets could end up in a
particular locality. While it might be possible to do research on the frequency of “matching”
bullets in a particular area, relatively few studies of that type have been done. To complicate
matters further, bullets from different molten vats (with different chemical profiles) sometimes
are mixed during manufacturing and packaging, so that the bullets in a box of ammunition do
not always match each other. The FBI’s research has shown that a single box of ammunition can
contain bullets from as many as 14 distinct compositional groups (National Research Council,
2004, p. 5). Hence, when weighing bullet lead evidence, it is also important to consider what
percentage of the defendant’s bullets “match” the bullet from the crime scene.

The NRC panel concluded that there is an insufficient scientific foundation at present to
conclude that finding a “match” between bullets renders them likely to be from the same box. It
strongly condemned expert testimony that suggests or implies that bullet lead evidence can link
matching bullets to the same box. The panel recommended that, until further research is done,
analysts instead limit themselves to saying that a bullet lead match renders it more likely that
the matching bullets came from the same ‘“compositionally indistinguishable volume of lead
(CIVL).” Citing continuing concerns about the diagnostic value of bullet lead evidence, the FBI
recently announced that it would discontinue bullet lead testing for the time being (Piller, 2005;
Thompson, 2005). Because the FBI operated the only laboratory in the United States that did
bullet lead testing, this decision effectively ended the use of the technique in American courts.
Questions remain, however, about whether bullet lead evidence might have been misleading to
juries in past cases (Pace, 2005; Piller, 2005; Imwinkelried & Tobin, 2003).

The normative question: How should jurors evaluate a forensic “match”?

Thompson (2005) presented a normative model of how jurors should evaluate bullet lead ev-
idence. It provides a useful benchmark for assessing human performance. In this model, SB
represents the hypothesis that the crime scene bullet and defendant’s bullet came from the same
box; DB is the alternative hypothesis that the two bullets came from different boxes; SC is the
event that the two bullets came from the same compositionally indistinguishable volume of
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lead (CIVL); DC that they came from different CIVLs; and M is the event that the laboratory,
after performing bullet lead analysis, declares the bullets to march. Making certain simplifying
assumptions, Thompson showed that the likelihood ratio describing the value of a bullet lead
match for proving the matching bullets came from the same box is:

p(M|SB) _ p(MISC)p(SC|SB) 4+ p(M|DC)p(DC[SB)

= 1
p(M|DB)  p(M[SC)p(SC|DB) + p(M|DC)p(DC|DB) o

This model shows that the value of bullet lead evidence depends on four key statistical factors.
The first two factors, which together determine the reliability of the evidence, are the hit rate,
p(M|SC), and false positive rate, p(M|DC), of the analytical procedure. As noted earlier, the
NRC report suggested that the hit rate might be .90 and the false positive rate .002. The third and
fourth factors, which together determine the diagnosticity of the evidence, are the prevalence
of matching bullets in the suspect’s box, p(SC|SB), and the prevalence of matching bullets in
other boxes from which the crime scene bullet might have come, p(SC|D B). For example, if
half the bullets in the suspect’s box match the crime scene bullet, p(SC|SB) would be .50; if
10% of the bullets in different boxes (i.e., possible source boxes other than the defendant’s box)
match the crime scene bullet, then p(SC|DB) would be 0.10.!

The empirical question: How do people evaluate a forensic match?

The goal of the present study was to explore whether people’s intuitive assessments of bullet
lead evidence correspond with the normative model. Because the main controversy over bullet
lead evidence centers on its diagnosticity, we were particularly interested in whether people are
sensitive to the statistical variables that affect diagnosticity. Do people recognize the difference
between bullet lead evidence that is highly diagnostic and that which has little or no diagnostic
value? Additionally, given the limited data available on the critical variables that affect diagnos-
ticity, we wondered what people will do when asked to judge the value of bullet lead evidence
in the absence of statistics on the key diagnosticity factors.

A number of previous studies have examined mock jurors’ evaluations of statistical evidence.
One important line of research has examined how mock jurors’ evaluations of a forensic match are
affected by statistics on the probability of a false match (Faigman & Baglioni, 1988; Goodman,
1992; Smith, Penrod, Otto, & Park, 1996; Thompson & Schumann, 1987). Most studies have
examined statistics on the probability of a coincidental match between individuals (or items)
that happen by chance to share the matching characteristics. These statistics are often called
random match probabilities (RMPs). Some studies also include statistics on the probability of
a false match due to other factors, such as laboratory error (Koehler, Chia, & Lindsey, 1995;
Nance & Morris, 2002; Schklar & Diamond, 1999) and evidence tampering (Nance & Morris,
2005). These studies suggest that jurors generally respond to evidence of a forensic match by
adjusting their judgments in an appropriate direction—the weight they give to a forensic match
increases as the probability of a false match decreases. There is some evidence that people’s
judgments are “conservative”—i.e., that they give too little weight to evidence of a forensic

! The two remaining terms in Eq. (1) are simply complements of terms already defined. The term p(DCISB) refers
to the probability the two bullets would arise from different CIVLs if they are from the same box. Within a given
box the bullets will either al/l be from the same CIVL (SC) or they will be from one or more different CIVLs (DC).
Because DC and SC are mutually exclusive and exhaustive events, p(DCISB) is simply 1 — p(SCISB). By the same
logic, p(DCIDB) is the complement of p(SCIDB).
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match relative to Bayesian norms. However there is also evidence that people sometimes rely on
fallacious forms of reasoning (Thompson, 1989; Thompson & Schumann, 1987) or simplifying
heuristic strategies (Koehler & Macchi, 2004) that could cause them to over-value a forensic
match.

The way in which statistical data are presented may also be important. Some researchers have
concluded that people’s evaluations of false match probabilities are, on the whole, reasonable
and appropriate regardless of presentation format (Nance & Morris, 2005), while others have
found that natural frequencies are better understood than probabilities and lead to better decisions
(Thompson & Schumann, 1987; Hoffrage, Lindsey, Hertwig, & Gigerenzer, 2000).

Although these studies are clearly relevant, they focused on an inferential task that may be
easier than the task jurors face when evaluating some types of forensic evidence. In previous
studies, the key variable that jurors needed to consider when evaluating the probative value of a
forensic match was the probability of a false match—i.e., the probability of a “match” occurring
if the matching items had a different source. Jurors did not need to consider the probability of a
true match—i.e., the probability of a match occurring if the items had the same source—because
a match was virtually certain if the items had the same source. For example, two blood samples
from the same person are almost certain to have the same DNA profile. Hence, in these studies
there was a simple and direct relationship between the probability of a false match and the
probative value of the evidence: as the probability of a false match decreased, the probative
value of the forensic “match” (for proving the matching items have the same source) always
increased.

When jurors evaluate bullet lead evidence the situation is more complicated because the
probability of a true match and a false match are both important variables. The probability of
a true match, which is reflected in the numerator of equation 1, depends on both the hit rate of
the test, p(M|SC), and the probability that two bullets will have the same metal composition
if they come from the same box, p(SC|SB). Because bullets from different compositional
groups often end up in the same box, the probability of a true match (i.e., the probability
of a match occurring if the bullets are from the same box) may be much less than one. For
example, it might be the case that only one bullet in ten in the defendant’s box has the same
composition as the crime scene bullet, suggesting p(SC|SB) could be .10. If matching bullets
were relatively common in the surrounding community, the probability of a true match might
be as low, or even lower, than the probability of a false match (Thompson, 2005). Hence, it
is possible that bullet lead evidence could have little or no probative value for proving two
bullets came from the same box even if the probability of a false match is low (Thompson,
2005).

The study reported here examined mock jurors’ sensitivity to the probative value of a forensic
match when the probability of frue match could vary. Jurors evaluated a hypothetical case
in which the key evidence linking the defendant to a murder was testimony by a forensic
expert that the murder bullet “matched” the metal composition of a bullet found in an open
box of unexpended ammunition owned by the defendant. Jurors were assigned to one of four
conditions. In the Strong Condition, statistical data were presented indicating that the “match”
was highly diagnostic—i.e., p(SC|SB) was high and p(SC|D B) was very low. In the Worthless
Condition, the statistical data indicated that the match had no diagnostic value—i.e., p(SC|SB)
and p(SC|D B) were equally low. In the Unknown Condition, no statistical data were presented
on p(SC|SB) or p(SC|DB). Finally, there was the Control Condition, in which the evidence
of the bullet lead match was not presented. The goal of the study was to determine whether
mock jurors distinguish evidence of a forensic match that is highly diagnostic from that which
is non-diagnostic and to learn how they evaluate such evidence in the absence of statistical data
about its diagnostic value.
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Method
Procedure

Undergraduates (N = 295) recruited from a university human subjects pool participated in groups
of four to six. They received a written description of the evidence in a hypothetical criminal trial
and were asked to read along while listening to a 14-min recording of a narrator reading the
same description. When the narration was complete, participants (hereafter “jurors”) individually
responded to a brief pre-deliberation questionnaire. They were then left alone to deliberate on
the case for up to 20 min while an experimenter monitored the discussion from an adjoining
room. Then they individually responded to a post-deliberation questionnaire after which they
were debriefed, thanked and dismissed. The entire procedure took approximately 1 hr.

Materials and design

In the case described in the experimental materials, a robber entered a convenience store in a
small rural community, shot and killed the clerk with a .38 caliber handgun, and took money
from a cash register. Police later arrested the defendant because he matched an eyewitness’
description of the killer and because he had purchased .38 caliber ammunition from a local
Wal-Mart. Police recovered an open box of .38 caliber ammunition from the defendant, but no
gun (the defendant claimed his unloaded .38 caliber revolver had been stolen). The defendant
was unemployed, short of money, and owned a truck matching the description of one driven by
the killer.

In the Control Condition, jurors received no further evidence. In the three experimental
conditions, jurors were also told that an FBI examiner had conducted a bullet lead comparison and
had found a “match” between the murder bullet and a bullet from the defendant’s box. The jurors
in the experimental conditions received an extensive summary of the FBI examiner’s testimony,
which included a description of the bullet manufacturing process, the metal composition of
bullets, and the analytical tests that the FBI used to analyze the metal content of bullets. The
examiner’s testimony, which largely followed the recommendations of the 2004 NRC report,
included statistical data on the reliability of the FBI’s test—specifically, the kit rate of the FBI
test (“the probability that two bullets would match on the FBI test if they came from the same
CIVL is 0.90 (90%).”) and the false positive rate of the FBI’s test (“the probability of a match
by coincidence or error of two bullets from different CIVLs—the false positive probability—is
about 1 in 500 or 0.002.”).

The three experimental conditions varied with respect to the statistical data provided about
diagnosticity. In the Strong Condition, the FBI examiner testified that he had tested a random
sample of 20 bullets taken from the defendant’s box and that all 20 matched the murder bullet.
He also tested a “community sample” of 100 .38 caliber bullets collected shortly after the time
of the crime at a target range operated by a local gun club and found that none of these bullets
matched the murder bullet. By contrast, in the Worthless Condition, the FBI examiner testified
that only two of 20 bullets randomly sampled from the defendant’s box (10%) matched the
murder bullet and that 10 of 100 bullets from the community sample (10%) matched the murder
bullet. Finally, in the Unknown Condition, the FBI examiner gave no testimony about sampling
bullets from the defendant’s box or from the local community and gave no testimony about the
percentage of the defendant’s bullets or the percentage of bullets in the local community that
matched the murder bullet.

In all experimental conditions jurors heard the type of caveats about the diagnosticity of bullet
lead evidence that would be likely to emerge from effective cross-examination. Jurors were told
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that the number of bullets produced from a single compositionally indistinguishable volume of
lead (CIVL) might range from 12,000 to several million. They were also told that the National
Research Council had been unable to obtain information about the probability of finding a large
number of analytically indistinguishable bullets in a given geographic area, and that regional
patterns in the distribution of ammunition are unclear.

Measures

The pre-deliberation questionnaire asked jurors for their “initial reactions” to the case “based on
what you think right now.” The questionnaire asked them to rate the strength of the case against
the defendant (on a 10-point scale anchored at “Not at all Strong” and “Extremely Strong”). It
also asked them to estimate the “numerical probability” that the defendant was guilty by entering
a number between 0 and 100%. Finally, it asked them to choose which verdict (guilty or not
guilty) they thought they would return in the case if they were judging it as jurors and were
instructed to convict only if the evidence convinced them beyond a reasonable doubt that the
defendant was guilty.

The post-deliberation questionnaire began with the same three questions as the pre-
deliberation questionnaire. As a manipulation check, jurors in the three experimental conditions
were also asked whether they had received statistical data about the percentage of bullets in the
defendant’s box and the percentage of bullets in a community sample that matched the murder
bullet. They were also asked to make their own “best guess” estimate of each of those statistics.

Lastly, jurors completed a demographics questionnaire that included questions about their
age, gender, prior jury service, criminal victimization, view of the death penalty, training in
mathematics and statistics, and confidence in their ability to draw correct conclusions from
numerical data.

Results

Table 1 presents the means of the main dependent measures in each experimental condition.
We used STATA dummy-variable linear regression to compare results among conditions on the
continuous measures (strength of case and probability of guilt) and STATA logistic regression
to compare conviction rates. Because deliberation created intraclass correlations among juries,
we analyzed post-deliberation results using clustered regression, clustering by jury.

Table1 Pre- and post-deliberation judgments of case strength, probability of guilt and verdict by condition

Experimental condition
Evidence ratings Strong (n=70) Worthless (n=73) Unknown (n=70) Control (n=82)

Pre-deliberation

Strength of case 6.99 6.58 6.49 5.84

Probability of guilt 70.29 63.47 62.71 57.07

Guilty verdict (%) 57 32 41 35
Post-deliberation

Strength of case 6.81 5.47 5.79 4.79

Probability of guilt 70.03 56.13 56.81 49.55

Guilty verdict (%) 41 14 29 12

Note. Strength of case ratings range from 1 (not at all strong) to 10 (extremely strong). Probability of guilt is
given as 1-100%. Guilty verdicts are the percent of jurors who voted guilty in each condition.
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Strength of case

Condition was a significant predictor of pre-deliberation strength of case ratings, Razdj =.04;
F(3,290)=4.81, p < .01. Ratings in all three experimental conditions were higher than in the
Control Condition (Strong vs. Control, p < .001; Worthless vs. Control, p < .05; Unknown vs.
Control, p < .05). No other differences were significant.

Condition was an even better predictor of clustered post-deliberation ratings, Razdj =.12;
F(3, 58) =6.05, p=.001, although the pattern of results across conditions was a bit different.
Ratings in the Strong Condition continued to be higher than the Control Condition (p < .001) and
ratings in the Unknown Condition were marginally higher (p =.07), but ratings in the Worthless
Condition no longer differed significantly from the Control. Ratings in the Strong Condition
were also higher than those in the Worthless Condition (p <.01) and marginally higher than
those in the Unknown Condition (p =.07). No other differences were significant.

A change-score representing the difference between pre- and post-deliberation ratings was
created for each juror. These scores, clustered by jury, were significantly predicted by condition,
Rfdj = .04; F(3,58) =2.93, p < .05. Deliberation led to smaller changes in the Strong Condition
than in the Worthless Condition (p < .05) or Control Condition (p < .05). No other differences
were significant.

Probability of guilt

Condition was also a significant predictor of pre-deliberation probability of guilt estimates,
Rfdj =.04; F(3, 290)=5.42, p <.001. Estimates were higher in the Strong Condition than
in the Worthless (p <.05), Unknown (p <.05) and Control Conditions (p <.001). Estimates
in the Worthless Condition were also higher (p < .05), and those in the Unknown Condition
were marginally higher (p = .08), than those in the Control Condition. No other pre-deliberation
differences were significant.

For post-deliberation estimates, condition was again a significant predictor, Rﬁdj = .11,
F(3, 58)=5.54, p < .01. Estimates in the Strong Condition were significantly higher than rat-
ings in the Worthless (p <.05), Unknown (p < .05) or Control Conditions (p <.001), but the
Worthless and Unknown Conditions were no longer significantly different from the Control
Condition.

Change-scores reflecting the difference between pre- and post-deliberation estimates varied
by condition, although this relationship was only marginal, R?> = .03, F(3, 58) =2.32, p=.08.
As with strength of case ratings, the changes following deliberation were smaller in the Strong
Condition than in the Worthless Condition (p < .05) or Control Condition (p < .05). No other
differences were significant.

Verdicts

Condition significantly predicted whether jurors voted guilty or not guilty before deliberation,
Rgsuedo =.03, x2 (3, N=294) = 10.99, p = .01. The conviction rate in the Strong Condition was
higher than the Worthless Condition (p < .01), marginally higher than the Unknown Condition
(p = .06), and higher than the Control Conditions (p < .01). No other differences were significant.
Results were similar for post-deliberation verdicts, R> .4, = 07, x* (3, N=294) =8.69,
p < .05. The conviction rate was again higher in the Strong Condition than in the Worthless
Condition (p < .05) or Control Condition (p < .05), but no other differences were significant.
McNemar tests indicated that the conviction rate decreased significantly following delibera-

tion in all conditions (all values significant at p < .05). However, logistic regression, clustering
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by jury, found that the extent of the decrease in conviction rate was not significantly associated
with experimental condition.

Recall of key statistics

As a manipulation check, we asked jurors following deliberation whether the FBI expert had
presented statistics on the percentage of matching bullets in the defendant’s box (defendant
match percentage) and the percentage of matching bullets in a sample from the community
(community match percentage). Among jurors in the Strong Condition and Worthless Condition,
where the expert had presented those statistics, 75% correctly reported that they had received the
defendant match percentage (16% incorrectly said they had not; the remainder said they did not
know) and 72% correctly said they had received the community match percentage (about 21%
incorrectly said they had not; the remainder said they did not know). In the Unknown Condition,
where the expert did not present these critical statistics, only 37% correctly said they had not
received the defendant match percentage (46% of jurors incorrectly reported they had received
it, and 17% said “don’t know”) and 64% correctly said they had not received the community
match percentage (29% incorrectly said that they had received it and 7% did not know).

Regression analyses were run in order to test whether jurors who answered both of these
questions correctly gave a different pattern of responses on the main dependent measures than
those who answered at least one of the questions incorrectly or said they didn’t know. The results
showed that this “correct recall” variable did not significantly predict any of the dependent
measures (post-deliberation strength of case, b= —.44; probability of guilt, b= —2.64; guilt
verdict, b= —.25, all ns).

Jurors’ “best guess” estimates of the defendant match percentage varied significantly across
conditions, R = .24, F(2, 42)=27.94, p <.001. The median estimate was 90% in the Strong
Condition, 80% in the Unknown Condition and 30% in the Worthless Condition. Each condition
differed significantly from the others (all p’s < .01), which indicates that our statistical manipu-
lation successfully altered jurors’ perceptions of this variable. However, some of the jurors may
have been confused about what they were reporting. A surprising percentage (43% in the Strong
Condition, 14% in the Worthless Condition, and 30% in the Unknown Condition) “guessed” the
defendant match percentage was 90%. We suspect some of them were mistakenly reporting the
“hit rate” of the FBI procedure, which was always .90.

Jurors® “best guess” estimate of the community match percentage also varied significantly
across conditions, R? = .15, F(2, 42) =13.06, p <.001, with each condition differing signifi-
cantly from the others (all p’s < .001). The median estimates in the Strong Condition (4.5%) and
Worthless Condition (10%) were close to the statistics the FBI agent provided, which provides
further evidence that jurors perceived and were influenced by our manipulation of the key statis-
tics. The median estimate in the Unknown Condition, where no community match percentage
was provided, was much higher (50%) and may reflect the strong caveats jurors heard about
the possibility (recognized by the NRC) of many matching bullets being found in the same
community.

Implicit likelihood ratios

For each juror we computed an implicit likelihood ratio (ILR) by dividing their best guess
estimate of the defendant match percentage by their best guess estimate of the community match
percentage (for jurors who estimated the community match percentage to be zero we raised the
estimate to 1 percent to avoid irrational numbers). The ILR provided an index of the extent to
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which jurors thought a match was more likely if the bullet came from defendant’s box (a true
match) than from another local source (a false match).

The ILR was a significant predictor of all pre- and post-deliberation responses on the
main dependent measures. A higher ILR was significantly associated with stronger ratings
of the strength of case against the defendant (pre-deliberation R*> = .02, b= .01, p < .05; post-
deliberation, R = .05, b= .01, p < .01), greater estimates of the probability of the defendant’s
guilt (pre-deliberation R> = .03, b=.09, p < .01; post-deliberation R* = .06, b=.13, p < .01),
and a greater likelihood of finding the defendant guilty (pre-deliberation R]fseudo =.04,b= .01,
p =.001; post-deliberation Rgseudo =.03,b=.01,p=.0D).

Interestingly, the numerator of the ILR (defendant match percentage) was a better predic-
tor than the ILR itself of strength of case (pre-deliberation R2=.05, h=.01, p=.001; post-
deliberation R = .12, b = .02, p < .001), probability of guilt (pre-deliberation R?=.10,b=.19,
p < .001; post-deliberation R>=.12, b=.23, p <.001), and guilt verdicts (pre-deliberation
R} uto = -10, b=02, p <.001; post-deliberation R} 4, = -08, b=.02, p <.001). The de-
nominator (community match percentage) did not significantly predict responses for any of
these measures.

Individual differences

We used regression analyses to explore whether jurors’ responses to the demographic ques-
tions were associated with their post-deliberation responses to the main dependent measures
(strength of case, probability of guilt and verdict). Although the regression models were signif-
icant (strength of case, RZ=.07, p < .05; probability of guilt, R2=.07, p < .05; guilt verdict,
Rgseudo = .05, p < .05), the only individual predictor that contributed significantly to the model
was the question that asked: “How confident are you in your ability to draw correct conclusions
from numerical data, such as probabilities and frequencies?”” More confident jurors gave higher
estimates of strength of the case (b= .41, p <.01) and probability of guilt (b =4.56, p=.001),
and were more likely to render a guilty verdict (b= .41, p=.01). Interestingly, although re-
sponses to the confidence question were positively correlated with a measure of quantitative
training—i.e., the amount of mathematical and statistical training jurors had received in college
coursework (R? = .05, h=.13, p < .001), this latter measure was not itself a significant predictor
of any of the main dependent measures. Nor was there a significant relationship between the
confidence question and the accuracy of jurors’ responses to questions about the statistical data
that the FBI expert had presented.

To further explore the effects of confidence on jurors’ judgments, we divided jurors into
two groups—Confident and Unconfident—based on a median split of responses on the con-
fidence question. Among Confident jurors condition was a significant predictor of verdicts
both pre-deliberation (, x2(3, N = 148) =20.72, p < .001) and post-deliberation (sz)seudo =.11,
x>(3, N=148)=10.59, p <.05). Jurors in the Strong Condition gave significantly more
guilty verdicts than those in the Control Condition (p <.05) and Worthless Condition
(p <.01). In addition, jurors in the Unknown Condition were significantly more likely to
give guilty verdicts than jurors in the Worthless Condition, p < .05. No other differences were
significant.

Among Unconfident jurors, the conviction rate was generally lower and did not vary signifi-

cantly across conditions either before deliberation (Rgseudo =.004, x>(3, N=138)=.73, ns) or
after deliberation (R;seudo = .01, x>(3,N=138)=1.01,ns). Figure 2, which presents the pattern

of post-deliberation verdicts for Confident and Unconfident jurors, shows that differences among
conditions are accounted for almost entirely by Confident jurors.

@ Springer



Law Hum Behav

Fig. 2 Post-deliberation 100
percentage of Confident and 90
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Experimental Conditions

We also performed separate regressions within each experimental condition (clustered by
jury) using confidence as a predictor for verdicts. Confidence was a significant predictor of
guilty verdicts in the Strong Condition (R2 =.10, b=1.74, p <.001) and a marginally

pseudo
significant predictor in the Unknown Condition (ngseualo = .04, b=1.05, p=.06) . Confidence
was not a significant predictor for either the Worthless Condition (Rf,seudo =.004, b= —.34,ns)
or Control Condition (Rgseuc10 =.02,b=.77,ns).

Discussion

The independent variable in this experiment was the diagnostic value of the bullet lead match.
This variable was manipulated by changing the data that jurors received about the percentage of
matching bullets in the defendant’s box and in a community sample.? The manipulation checks
showed that the majority of jurors in these conditions correctly remembered having received the
relevant data and that their “best guess estimates” of the key variables corresponded generally
to the data presented. Accordingly, we concluded that the experiment created a fair test of
jurors’ ability to draw reasonable conclusions from statistical data on the diagnostic value of the
“match.”

The group means shown in Table 1 suggest that jurors readily perceived the difference in
probative value between the highly diagnostic match (Strong Condition) and the non-diagnostic
match (Worthless Condition). On the three main dependent measures (strength of case, proba-
bility of guilt, and verdict) ratings were consistently higher both before and after deliberation
in the Strong Condition than in the Worthless Condition or Control Condition. These findings
suggest that jurors do understand and are sensitive to statistical data on the diagnostic value of
a “match,” although this conclusion must be qualified in light of an internal analysis (discussed
more fully below) which showed that the effect is accounted for almost entirely by a subset of
“confident” jurors.

2 In terms of the normative model presented in Equation 1, jurors in the Strong Condition received data indicating
that p(SCISB) was very high and p(SCIDB) was very low, and hence that the “match” was highly diagnostic. Jurors
in the Worthless Condition received data indicating that p(SCISB) and p(SCIDB) were equal, and hence that the
“match” was non-diagnostic.
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While jurors readily perceived the strength of the highly diagnostic “match,” they may not
have fully appreciated the weakness of the non-diagnostic “match,” at least not at first. Before
deliberation, jurors in the Worthless Condition gave significantly higher ratings of strength of
case and probability of guilt than jurors in the Control Condition, which suggests they were
giving some weight to the non-diagnostic match, albeit much less weight than jurors in the
Strong Condition were giving to the highly diagnostic match. After deliberation, the differences
between the Worthless and Control Conditions was no longer significant, but that may reflect the
lower statistical power of the clustered analysis, as the differences in group means were about
the same. On the other hand, jurors in the Worthless Condition had about the same conviction
rate as those in the Control Condition both before and after deliberations. Hence, to the extent
jurors perceived value in the non-diagnostic match, that perception was not reflected in their
verdicts.

In many actual cases evidence of a forensic match is not accompanied by statistical data on
its diagnostic value (Thompson & Cole, 2006). Jurors in those cases presumably must rely on
intuition and common sense to judge the diagnostic value of the evidence. To explore how jurors
respond to a forensic “match” in the absence of data on its diagnostic value, this experiment
included the Unknown Condition, where the expert presented data about the reliability of the
forensic match (hit rate and false positive rate of the test), but presented no data on the percentage
of matching bullets in the defendant’s box or in the surrounding community. Judgments in this
group fell roughly between those in the Strong Condition and those in the Worthless and Control
Conditions, suggesting that in the absence of data on diagnostic value jurors gave some weight
to this evidence, although not as much weight as they gave to the strong (highly diagnostic)
evidence.

Although our jurors successfully distinguished highly diagnostic from non-diagnostic forensic
evidence, it is impossible to determine, in the present experiment, whether their judgments
followed from the ratio of the defendant match percentage, p(SC|SB), and the community match
percentage, p(SC|DB), as specified in Equation 1. A possible alternative explanation is that
they relied solely (or primarily) on the defendant match percentage without taking into account
the community match percentage. This alternative explanation was supported by the finding that
jurors’ estimates of strength of the case, probability of guilt, and verdicts were correlated with
their “best guess” estimates of the percentage of matching bullets in the defendant’s box, but not
with their estimates of the percentage of matching bullets in a community sample. The alternative
explanation is also consistent with previous research showing that, when asked to evaluate the
impact of a datum, D, on the likelihood of a particular hypothesis, H, people often express far
more interest in knowing the probability of the datum if the hypothesis is true, p(D|H ), than the
probability of the datum if the hypothesis is false, p(D|H), a phenomenon that has been called
the “pseudo-diagnosticity” effect (Beyth-Marom & Fischhoff, 1983; Doherty, Mynatt, Tweney,
& Schiavo, 1979). In order to definitively test this alternative explanation, future experiments
could simultaneously vary the defendant match percentage and community match percentage.

One of the most intriguing findings of this experiment was that the post-deliberation differ-
ences in conviction rates across conditions appeared to be accounted for entirely by “confident”
jurors—that is, by jurors who scored above the median on a post-deliberation question that asked
them to rate their “ability to draw correct conclusions from numerical data, such as probabilities
and frequencies.” The Unconfident jurors (those below the median on this question) did not
differ across conditions in their conviction rates, while the Confident jurors were more likely to
convict in the Strong and Unknown Conditions.

A possible explanation for this finding is that jurors’ self-assessments of their numerical
abilities were accurate: the Confident jurors may have understood the statistical data better than
the Unconfident jurors, which would explain why they were more likely to convict when the
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bullet lead evidence was highly diagnostic (Strong Condition). The Unconfident jurors, on the
other hand, may have been confused by the statistical data, or uncertain about how to use it.
Lacking confidence in their ability to draw correct conclusions from the bullet lead evidence,
they may have elected to give it little or no weight and to rely on the other evidence in the case,
which would explain their consistently low conviction rates across conditions.

On the other hand, it was also the Confident jurors who accounted for the elevated conviction
rates in the Unknown Condition (where conviction rates were significantly higher than the
Worthless Condition and marginally higher than the Control). Despite their asserted numerical
prowess, Confident jurors may have been willing to give weight to forensic evidence in the
absence of the statistical data needed to determine whether it was diagnostic. Perhaps numerical
confidence is associated with trust in science and technology, and hence these Confident jurors
were willing to assume in the absence of data that the bullet lead evidence had some value.
Another possible explanation is that, as Beyth-Marom and Fischhoff (1983) have suggested,
people (even those who are confident in their numerical skills) are better at responding rationally
to data when it is presented to them than they are at dealing with problems in the absence of
data.

Although intriguing, it is important to recognize that the relationship between confidence
and jurors’ response to the statistical data was detected during post-hoc analysis of a number
of post-deliberation measures. To be certain the relationship is robust and real, and not simply
adventitious, it should be confirmed through further research.

Another noteworthy aspect of this study was the effect of group deliberation on the pattern
of responses across conditions. Conviction rates were lower for all conditions following de-
liberation, a phenomenon that has been observed in other studies (MacCoun & Kerr, 1988).
Deliberation may have raised doubts about the evidence that jurors did not previously consider.
It may also have raised jurors’ threshold of conviction by reinforcing the standard of proof (“be-
yond a reasonable doubt”), making jurors more reluctant to convict on the same evidence. But
deliberation did more than simply lower the conviction rate. There was a different pattern across
the four conditions before deliberation than after deliberation on two of the main dependent
measures: strength of case and probability of guilt. Deliberation led to decreases in strength of
case and probability of guilt ratings in the Worthless, Unknown, and Control conditions, but not
in the Strong Condition, thereby amplifying (or solidifying) the differences among conditions.

An obvious limitation of this study is that participants were students at a university. As a
group they were younger and probably more sophisticated mathematically than the average
juror. It is possible that university undergraduates are generally more confident in their ability
to draw correct conclusions from numerical data than actual jurors. In light of our finding that
the conviction rates of “confident” jurors were more sensitive to the diagnostic value of the
forensic evidence, a difference in numerical confidence between our subject population and the
actual population of jurors could be significant. For example, it might be the case that actual
jurors who are confident in their numerical abilities will respond to forensic statistics in the way
our Confident jurors did—showing sensitivity to diagnostic value—but that they will be greatly
outnumbered by jurors who lack such confidence and who respond in the way our Unconfident
jurors did. Further research exploring the effect of individual differences on people’s reactions
to forensic evidence would clearly be helpful for understanding how far the intriguing findings
reported here can be generalized to the world at large.

The distinction between reliability and diagnosticity that was key to our analysis of the
probative value of bullet lead evidence is also helpful for analyzing the value of other types of
forensic evidence. To evaluate a forensic match jurors must always consider both factors. They
often will encounter situations in which the diagnostic value of the “match” is reduced to some
degree either because the probability of a “true match” is less than one (e.g., Finkelstein &
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Levin, 2003; Meester & Sjerps, 2003; Evett, 1987) or because the probability of a “false match”
is greater than zero, or both. Although many areas of forensic science are so poorly validated
that no reliable data are available on either reliability or diagnosticity, that situation should
improve in the near future as forensic scientists come under increasing pressure to improve their
validation (e.g., Kennedy, 2003; Saks & Koehler, 2005). Hence, this is an opportune time to
consider how these types of statistical evidence might best be presented to lay juries.

Acknowledgement The authors thank Rachel Dioso for her helpful comments on the manuscript.
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