
This article was downloaded by: [UNSW Library]
On: 06 May 2013, At: 17:53
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Australian Journal of Forensic Sciences
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/tajf20

The psychology of interpreting expert
evaluative opinions
Kristy A. Martire a , Richard I. Kemp a & Ben R. Newell a
a School of Psychology, University of New South Wales, Sydney,
Australia
Published online: 18 Apr 2013.

To cite this article: Kristy A. Martire , Richard I. Kemp & Ben R. Newell (2013): The
psychology of interpreting expert evaluative opinions, Australian Journal of Forensic Sciences,
DOI:10.1080/00450618.2013.784361

To link to this article:  http://dx.doi.org/10.1080/00450618.2013.784361

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-
conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation
that the contents will be complete or accurate or up to date. The accuracy of any
instructions, formulae, and drug doses should be independently verified with primary
sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.

http://www.tandfonline.com/loi/tajf20
http://dx.doi.org/10.1080/00450618.2013.784361
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


The psychology of interpreting expert evaluative opinions

Kristy A. Martire*, Richard I. Kemp and Ben R. Newell

School of Psychology, University of New South Wales, Sydney, Australia

(Received 4 March 2013; final version received 6 March 2013)

The standards for expressions of evaluative opinions in the forensic sciences are
increasingly being challenged and refined. Where once categorical statements regard-
ing the origin of a trace were standard practice, criminalists are now being encour-
aged to represent the uncertainty associated with their inferential process by using
numerical or verbal likelihood ratios. Although there are valid reasons to support this
shift, the approach is not without limitations. Decades of psychological research
investigating the interpretation and integration of probabilistic expressions, and
the equivalence of verbal and numerical formulations for uncertainty, reveals a
disconnect between what is intended by experts and what is understood by decision-
makers. In this paper we present an indicative review of the psychological evidence
to foster communication and collaboration between forensic scientists and psycholo-
gists and reduce instances of miscommunication in our criminal justice system.

Keywords: expert evaluative opinions; psychology; likelihood ratios; probability;
decision-making

Introduction

Forensic identification science involves inferential reasoning from the trace back to the
source. This inductive logic does not permit categorical or certain conclusions that a
trace (e.g. the latent fingerprint from a crime scene) originated from a specific known
source (e.g. the finger of the police suspect). Rather, the observations made by the foren-
sic scientist will either lend support to that hypothesis, or to the alternative hypothesis,
that the trace originated from another source. Opinions offered by forensic scientists,
which estimate the amount of support their analysis provides to one of these hypotheses
as compared with the other, account for the inherent uncertainty associated with
inductive inferences and have therefore been deemed logically appropriate1. However,
evaluative opinions of this kind represent a challenge for those asked to interpret the
meaning of such statements.

The push for probabilistic evaluative opinions in the forensic sciences

The forensic sciences are currently undergoing a period of significant upheaval. For many
criminalists, until very recently, the pursuit of individualisation or ‘absolute identifica-
tion’2 ‘to the exclusion of all others’ was at the core of their professional practice3,4.
However, more recently, the notion of individualisation5, its appropriateness for forensic
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science practice6, and the use of inferential logic to reach such conclusions7, have all
received critical attention. Our intention is not to review these debates in detail here, but
rather to highlight these issues as forces instrumental in motivating change in forensic sci-
ence disciplines.

One of the most influential forces operating upon the practice of forensic science in
recent times has been the National Academies of Science report ‘Strengthening the
forensic sciences in the United States’8. In this report, the general validity and reliability
of expert analyses were questioned and concerns were raised regarding how the results
of these analyses should be expressed. Specifically:

There is a critical need in most fields of forensic science to raise the standards for reporting
and testifying about the results of investigations. For example, many terms are used by foren-
sic examiners in reports and in court testimony to describe findings, conclusions, and the
degrees of association between evidentiary material (e.g., hairs, fingerprints, fibres) and
particular people or objects. Such terms include but are not limited to ‘match,’ ‘consistent
with,’ ‘identical,’ ‘similar in all respects tested,’ and ‘cannot be excluded as the source of.’
The use of such terms can have a profound effect on how the trier of fact in a criminal or
civil matter perceives and evaluates evidence. Yet the forensic science disciplines have not
reached agreement or consensus on the precise meaning of any of these terms. (Ref. 8,
p.185)

To their credit, influential institutions and actors within the global forensic science com-
munity had foreseen these issues to some extent and responded by offering proposals
for standardised and defensible approaches to the communication of evaluative forensic
science opinions. In 2010, Berger spoke on behalf of the Dutch Forensic Institute (NFI)
explaining the rationale behind its ‘transition to a new logically correct conclusion scale
for its forensic reports’. Their new direction specifically involved the formulation of
evaluative opinions in line with Bayesian principles of belief updating. Namely, that
forensic conclusions should convey the evidential value of an analysis with reference to
two mutually exclusive hypotheses (e.g. Hypothesis 1: that X is true and Hypothesis 2:
that X is not true) according to ‘a new verbal conclusion scale’ where:

The findings of the examination are …[About equally likely / Somewhat more likely /
more likely / much more likely / very much more likely] … when hypothesis 1 is correct,
as / than when hypothesis 2 is correct. (p. 787)

Similarly, in 2009 the UK-based Association for Forensic Science Providers (AFSP)
defined ‘evaluative opinions’ as ‘opinions of evidential weight’ and went on to propose
guiding principles for the formulation of these opinions and standards for the expression
of the opinions in court9. The AFSP advised that:

The opinion or conclusion should express the degree of support for one proposition or the
other depending upon the value of the likelihood ratio. (p. 163)

The AFSP also provided a scale for use by all AFSP organisations, where numerical
values are presented along with their ‘verbal equivalents’ ranging from ‘weak support
for the proposition’ to ‘extremely strong’ support. Thus, it is apparent that organisations
within the forensic science community were willing to reform their procedures consis-
tent with the criticisms contained in the NAS report, and to this end proposed various
frameworks to guide the practice of criminalists offering evaluative expert opinions.
These newfound practice directions did not, however, remain unchallenged for long.
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In 2010 the England and Wales Court of Criminal Appeal judgment in the case of
R v T threatened the admissibility of expert evaluative opinions reporting evidentiary
value in the form of likelihood ratios, particularly where the formulation of that likeli-
hood ratio could not be made transparent to the court 10. Those instrumental in the for-
mulation of standards, and others, were quick and critical in their response to this
ruling11–14, and in a position statement signed by 31 individuals and organisations,
forcefully reasserted the view that probability theory provides the only ‘coherent and
logical foundation’ for reasoning under uncertainty and that:

4… the likelihood ratio provides the most appropriate foundation for assisting the court in
establishing the weight that should be assigned to … observations.

5. A verbal scale based on the notion of the likelihood ratio is the most appropriate basis
for communication of an evaluative expert opinion to the court.

Although the position statement has been challenged with regard to its selection of
likelihood ratios15, there are signs that the position taken is acceptable to practitio-
ners. For example research exploring the formulation of evidentiary likelihood ratios
accounting for wear in interpreting shoemark evidence16, and calculating the weight
of fingerprint comparisons17, has been recently published. Our primary concern, how-
ever, is not with the appropriateness of this approach (although that is the concern
of some18), but rather with the question of whether the jurors and other triers of fact
can interpret this form of evidence in the manner intended by the forensic science
practitioners.

The psychology of juror interpretations of probabilistic evaluative opinions

Expert evaluative opinions, whatever their specific formulation, are presented to fact-
finders in order to help them to reach an accurate resolution to a dispute in issue19. As
such it is incumbent on the expert to have regard for the impact of their testimony on
the decisions of judges and jurors. The recommended form – evidentiary likelihood
ratios – is often presented in the context of Bayesian belief updating. In Bayesian terms,
jurors hearing evidence in a trial can be thought of as updating ‘prior beliefs’ about
guilt or innocence as new information is heard and integrated, thereby eventually reach-
ing a ‘posterior belief’ (once all the evidence has been presented) which should guide a
final judgment. One of the goals of the expert should be to assist in this belief updating
process via the provision of testimony. This assistance should not necessarily go so far
as providing jurors with the formula necessary for calculating a posterior belief (i.e.
Bayes’ Theorem), but rather simply make jurors aware that they should consider the
impact of each piece of evidence on their current belief about guilt or innocence. Yet
few, if any, in the forensic sciences have explicitly considered whether the proposed
logically and scientifically appropriate form of testimony is also a valid and reliable
means of conveying the intended value of the information to jurors.

Some psychologists are interested in the processes of belief updating and compre-
hension of probabilistic information, particularly within forensic contexts. A consider-
able body of empirical research has been amassed over decades, which is directly
relevant to the likely impact of forensic science expert evaluative opinions on juror
decision-making.

Australian Journal of Forensic Sciences 3
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Probabilistic information and belief updating

Extensive research on the use of statistical evidence, within and outside the context of
legal arguments, suggests that the logical consistency of an approach is unlikely to be
sufficient to guarantee either comprehension or appropriate integration of probabilistic
information by decision makers. Instead, the evidence suggests that people have a gen-
erally poor understanding of probabilities and statistics; tend to confuse likelihoods and
posterior beliefs (as in the prosecutor and defence attorney fallacies)20; and tend toward
an under-valuing of the evidence as compared to normative (i.e. Bayesian) models21–24.
Moreover, meta-analyses of risk communication literature25 in addition to numerous
studies focusing specifically on probabilistic expressions in court26–29 suggest that deci-
sion-makers are sensitive to the form in which statistics are presented and have a prefer-
ence for natural frequencies or event rates.

To illustrate some of these issues; Gigerenzer and colleagues were interested in
whether the general public correctly understood the meaning intended by weather fore-
casters when they state that there is ‘a 30% chance of rain tomorrow’ 30. Researchers
asked 750 citizens living in five cities (New York, Amsterdam, Berlin, Milan and
Athens) to indicate which of the following three options gave the most accurate inter-
pretation of the forecast: (a) it will rain tomorrow in 30% of the region; (b) it will rain
tomorrow for 30% of the time; (c) it will rain on 30% of the days like tomorrow.
Results indicated that while two-thirds of respondents in New York interpreted a proba-
bility of rain as intended by meteorologists (preferring option ‘c’), only one-third to
one-fifth of those in the remaining cities selected the correct interpretation. The authors
attribute this miscommunication to the absence of a reference class in the statement as
well as familiarity with the format (of the countries examined only the US regularly
uses probabilistic forecasts). The authors conclude that the failure to consider and
explicitly exclude all alternative interpretations when communicating single-event
probabilities has far reaching consequences, including in the case of forensic science
evidence in courts.

One of the arguments for the use of likelihood ratios in the presentation of forensic
science evidence is that they explicitly state both of the hypotheses under consideration,
and thus explicitly remove any ambiguity regarding the reference class as the context of
the comparison and resultant conclusions is made explicit. However, this form of
expression also has its limitations; de Keijser and Elffers31 used realistic technical
forensic reports to examine how well judges, lawyers and experts understood evaluative
expert opinions expressed using the verbal scale recommended by the NFI32. Research-
ers found that although experts (members of the NFI) outperformed jurists, mistakes
interpreting the likelihood ratios were common in both groups and insight into their
own understanding was low. Specifically, in one case scenario, involving a comparison
of chemical signatures of two samples of glue residue, 92.4% of judges, 80.9% of law-
yers and 58% of experts endorsed erroneous interpretations of the evidence transposing
the conditional (i.e. committing the prosecutor’s fallacy). As a result, the authors called
for more open-minded discussion between jurists and forensic experts to rid the
criminal courts of such misunderstandings.

Other recent research focusing on the effects of subtle formulation components of
statements about forensic statistics also highlights interpretational failures33. Koehler pre-
sented 315 jury-eligible participants with one of three types of expert shoeprint testi-
mony describing a match between prints at the crime scene and the defendant’s shoe.
The match statistic reflected a combination of three threats to the validity of an inference
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that the known and unknown samples share a common origin: coincidental match only;
coincidental match plus lab error; or coincidental match, lab error and examiner error.
The results indicated that participant-jurors were more persuaded by the evidence, had
more confidence in the defendant’s guilt, estimated higher probabilities of guilt and
returned more guilty verdicts when they were presented evidence that did not account
for threats to validity (i.e. the various errors) than the evidence which did.

Overall, then, a large body of psychological literature casts doubt upon the extent to
which lay decision-makers, jury-eligible respondents, jurists and experts understand
probabilistic information generally, and when presented specifically in the various
recommended likelihood ratio formats. These challenges are further compounded by
assumptions regarding the equivalence of verbal and numerical expressions for the
evidentiary weight within expressions of uncertainty.

Interpretations of verbal expressions of uncertainty

The position statement1 proposes an untested and unvalidated scale of verbal and
numerical equivalence for the expression of evidentiary values. This would be an appro-
priate step towards standardising the expression of evaluative opinions only if it were
reasonable to assume: (a) a consistent interpretation across decision-makers; and (b) an
interpretation that is sufficiently similar to the meaning intended by the expert.
Unfortunately, the literature suggests that neither of these conditions is likely to be met.

The meaning attributed to a single word can vary from person to person and from
context to context. This is particularly true where there is ambiguity in the message.
Research examining vague verbal expressions of probabilities or risk suggests that there
are large differences between individuals in the attribution of numerical probabilities to
the same verbal expressions of uncertainty34,35. Further, these interpretations can be
moderated by various factors including the utility or disutility of the judged event36,37

and the context within which the information is being presented34,36,38. Furthermore,
although there may be some benefit associated with verbal rather than numerical com-
munication39,40,41, there is also a substantial potential for miscommunication42,43. More-
over, generally people tend to prefer, trust, understand and are more satisfied with
numerical rather than verbal versions of the information (see review, Ref. 44).

Specifically, Budescu and colleagues45,46 conducted two studies investigating the
communication of uncertainty in the Intergovernmental Panel of Climate Change
(IPCC) fourth report. In this report, a table for the likelihood of a particular environ-
mental occurrence was matched with proposed verbal equivalents (e.g. >99% was
‘virtually certain’). Participants in the first study were asked to read 13 sentences from
the IPCC report, which included probabilistic pronouncements and to provide their best
estimate of the probability intended by the author. Overall the responses across partici-
pants varied widely and generally represented an underestimate of the numerical value
intended by the author. The second study attempted to extend and generalise these
conclusions by using a random sample representative of the US population46 and indeed
demonstrated a consistent underutilisation of the evidence. The authors in this study
also trialled alternative communication formats and found that a dual verbal-numerical
scale, where the probabilistic statement was presented together with a copy of the scale
indicating the full range of numerical and verbal expressions (i.e. from >99% or ‘virtu-
ally certain’ to <1% or ’exceptionally unlikely’), increased differentiation between the
terms, increased the consistency of the interpretations of the terms, and increased
correspondence with the experts’ intentions.

Australian Journal of Forensic Sciences 5
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Similar examinations of the verbal and numerical equivalence of uncertainty expres-
sion have also been conducted in the context of the forensic sciences. McQuiston-Surrett
and Saks47 examined undergraduate psychology students’ ratings of the strength of a set
of standardised terms proposed by the American Board of Forensic Odontology. The
ratings provided by these mock-jurors were roughly the opposite of what the ABFO
intended. For example participants attributed the greatest certainty to testimony of a
‘match’ (86 on a 100 point scale), but this was the phrase that the ABFO reserved for
the lowest level of certainty among the four specified testimonial options. Conversely,
the phrase the ABFO designated for the strongest expression of certainty, ‘reasonable
scientific certainty’, was rated as second most uncertain by participants (70.7/100). Thus,
in this instance there were large discrepancies between expert intentions and lay interpre-
tations, leading the authors to conclude that ‘forensic expert witnesses cannot simply
adopt a term, define for themselves what they wish it to mean, and expect judges and
juries to understand what they mean by it’.

We are currently examining the verbal and numerical correspondence of the scale
proposed by the AFSP9. In one study48, 75 undergraduate students in Australia and 545
community members from the United States read brief details of a case loosely based
on R v T. Participant-jurors were asked to provide their belief in the likely guilt of the
accused both before and after being presented with shoeprint evidence, which was con-
sidered against two alternative propositions: (1) that shoe has made the mark; (2) the
shoe has not made the mark. The expert’s opinion regarding the strength of the evi-
dence in regard to these two propositions was then expressed in either a numerical or
verbal format and at one of three strength levels based on those proposed by the Asso-
ciation of Forensic Science Providers9 (low, moderate or high; see Table 1, adapted
from Ref. 48). For example, a participant in the low evidence strength condition read
the following expert opinion: ‘In my opinion the correspondence between the footwear
mark at the crime scene and the shoe of the accused [is 4.5 times more likely] (numeri-
cal) or [offers weak or limited support] (verbal) when proposition 1 is correct than
when proposition 2 is correct’.

Results from these analyses indicate that although jurors have some sensitivity to
the expert’s opinion regarding the strength of the evidence (they believe guilt is more
likely after hearing strong evidence than weak evidence), the amount of belief-change
caused by the expert evidence was both consistently and markedly lower than the value
intended by the expert. For example, where the expert indicated that a likelihood ratio
of 4.5 should be adopted, the median participant response indicated a likelihood ratio of
1.2 was actually used. More remarkably, where the expert indicated a likelihood ratio
of 495,000 should be applied, the median participant response was to update their
beliefs using a likelihood ratio of just 1.5; a figure 353,571 times smaller than intended
by the expert.

Table 1. Evidence strength (derived from Ref. 9) and presentation method.

Evidentiary strength

Presentation method

Numerical Verbal (support)

Low 4.5 ‘Weak or limited’
Moderate 450 ‘Moderately strong’
High 495,000 ‘Very strong’

6 K.A. Martire et al.
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The results also indicated that the correspondence between the verbal and numerical
expressions is low. Consistent with the findings of Budescu and colleagues45,46 the
changes in belief brought about by the numerical expressions of evidence were
significantly larger than those brought about by the ‘equivalent’ verbal expressions.
Specifically, numerical expressions of evidence resulted in greater adjusted mean belief-
change (1.63 units) compared with verbal expressions (0.31 units).

Beyond this, there was also some suggestion that the precise wording for the lowest
level of evidentiary strength (‘weak or limited support’) resulted in a majority of jurors
(61.72%) treating evidence consistent with the prosecutions’ case (i.e. that the trace
from the crime scene originated from the shoe of the defendant) as evidence supporting
the defence alternative (i.e. that the trace from the crime scene did not originate from
the shoe of the defendant). Although this type of misinterpretation of evidence is partic-
ularly concerning in a forensic context, such inversions are not uncommon and have
been observed by decision-makers in various contexts49,50,51,52. In sum, these studies
suggest that the true meaning of the experts evaluative opinion is likely to be lost in
translation.

Conclusions

Together, the research findings presented here call into question the appropriateness of
both the specific verbal/numerical scale proposed by the AFSP and the use of likelihood
ratios as the ‘most appropriate basis for communication of an evaluative expert opinion
to the court’. While a consensus appears to be developing regarding the logical and
scientific appropriateness of the use of likelihood ratios in forensic work, many questions
regarding the effect of this means of expressing evaluative opinions still require empiri-
cal investigation and thoughtful consideration – both from within forensic science and
the criminal justice system more broadly. In particular, we would argue that, while
logical and scientific appropriateness within expert evaluative opinions is certainly neces-
sary, this should not be the only consideration when deciding how to express the results
of an analysis to a juror or other decision-maker. It is also important to understand how
factfinders think about and utilise evaluative opinions32,53 and to strive towards a form
of expression that is both accurate and likely to give rise to an appropriate interpretation.

Given the preceding review it would be appropriate to ask how the pursuit of appro-
priate and valid evaluative expert opinions in the forensic sciences should progress from
here. A first and vital step is to increase communication between forensic scientists and
a diverse range of interested researchers and scholars. We hope that this paper (together
with the others in this special issue), will contribute to this dialogue. By engaging with
each other’s research, practice and points of view31 it will then be possible to develop a
broad, diverse and informed understanding of the complex array of factors contributing
to the formulation of evaluative expert opinions and their interpretations by laypersons.

This increased communication may then facilitate the second step; drawing on multi-
disciplinary evidence to formulate and design research examining possible avenues for
the refinement and improvement of validity and reliability of expressions of uncertainty.
Within the literature cited above, various methods for improving the correspondence
between expert intentions and lay interpretations, as well as verbal and numerical
expressions of uncertainty, have been trialled. For example through the use of a dual
verbal-numerical expressions46, or visual representations of the evidence31. More broadly,
the literature suggests methods for deriving evidence-based verbal equivalents39,54 which
could be applied to various numerical representations of evidence strength.

Australian Journal of Forensic Sciences 7
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These two steps have the potential to significantly improve the correspondence
between expert intentions and lay interpretations and in turn pave the way for a continuing
and sophisticated dialogue to improve the functioning of our criminal justice system.
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