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Introduction

The draft standards appear to have essentially ignored the progress made in development of theory and
practical implementation in the field of interpretation of forensic evidence over approximately the last
twenty years, including in the interpretation of DNA evidence.

If the draft standards were adopted substantially as is, they would falsely legitimise current bad practice.
This would be a major impediment to improving how forensic evidence is interpreted and reported in
Australia. If bad practice were challenged in court or elsewhere, the offending party could claim that they
are following the standards and thereby obtain an undeserved imprimatur, and perhaps avoid further
scrutiny. See Lucena-Molina et al (2012) on the dangers of this already occurring in Spain because of
legislative changes regarding the status of forensic reports. Ultimately, it would be better to have no
published standards than to have bad published standards.

Rather than attempt to fix the current draft it would be more efficient to begin the process afresh inviting
internationally acknowledged experts in the field of interpretation of forensic evidence to be involved in
the drafting process from the very beginning, and paying particular attention to their advice.

In my opinion, the following would be essential components of standards for the evaluation and
interpretation of forensic evidence when the forensic scientist’s purpose is to assist a trier of fact in judicial
proceedings.

1. Use of the likelihood-ratio framework
2. Testing of validity and reliability under conditions reflecting those of the case under investigation
3. Use of quantitative measurements, databases reflecting the relevant population, and statistical models

Each of these is outlined below.

1. Use of the likelihood-ratio framework

In Evett et al (2011) 31 leading experts in the interpretation of forensic evidence signed a statement to the
effect that the likelihood-ratio framework is the logically most appropriate framework for the evaluation
of forensic evidence. This statement was also endorsed by the Board of the European Network of Forensic
Science Institutes (ENFSI), representing 58 laboratories in 33 countries. The likelihood-ratio framework
has also been adopted by the Association of Forensic Science Providers in the UK and Republic of Ireland
(AFSP, 2009), the former UK Forensic Science Service (Cook et al, 1998), and the Netherlands Forensic
Institute (Berger, 2010), was argued for by the UK Forensic Science Regulator in R v T (J2010] EWCA
Crim 2439, [2011] 1 Cr App R 9 at [77]), and recommended by the Report on Expert Evidence in Criminal
Proceedings in England and Wales (Law Commission of England & Wales, 2011, 87.21(2c)). The
statement has also been followed up and expanded upon by a number of articles in refereed forensic-
science, general-science, and law journals, including Berger at al (2011), Robertson et al (2011),
Redmayne etal (2011), Fenton (2011), Morrison (2012), Nordgaard & Rasmusson (2012), and Thompson
(2012).



In the mid 1990’s the likelihood-ratio framework was adopted as standard for the forensic comparison of
DNA profiles (Foreman etal, 2003), and it is being gradually adopted in other branches of forensic science,
including forensic voice comparison (Morrison, 2009), handwriting comparison (e.g., Hepler et al, 2012),
fingerprint-fingermark comparison (e.g., Neumann et al, 2012), shoe marks (e.g., Skerrett et al, 2011),
questioned documents (e.g., Neumann & Margot, 2009), firearms and toolmarks (e.g., Champod et al,
2003), glass (e.g., Curran et al, 2000), paint (e.g., McDermott et al, 1999), and fibres (e.g., Champod &
Taroni, 1997).

In-depth descriptions of the likelihood-ratio framework can be found in numerous books and articles,
including Robertson & Vignaux (1995), Aitken & Taroni (2004), Balding (2005), Buckleton (2005),
Morrison (2010), and Aitken et al (2010), the latter prepared under the auspices of the Royal Statistical
Society’s Working Group on Statistics and the Law (note also that the authors of the first and third through
fifth of these are either from or are working in Australasia).

Buckleton (2005) provides a particularly lucid comparison of the likelihood-ratio framework and
frequentist approaches (allowed in the draft standards), and comes out in favour of the likelihood-ratio
framework. Foreman et al (2003) document how frequentist approaches were abandoned for the evaluation
of DNA evidence and replaced by the likelihood-ratio framework. The standards should not endorse
frequentist approaches to the interpretation of evidence, which are outdated and logically inappropriate.

The draft standards endorse the expression of the results of forensic evaluation in the form of posterior
probabilities. A forensic scientist cannot logically express results in such terms because they would require
assignment of prior probabilities which are the domain of the trier of fact. Also, when the trier of fact
considers all the evidence there is no logically correct mechanism whereby posterior probabilities derived
from different piece of evidence can be combined (other than by knowing the specific priors used for each
piece of evidence and removing their effect so as to revert to a likelihood ratio for each piece of evidence).
The standards should specifically state that forensic scientists should not attempt to calculate or assign
posterior probabilities.

Standards for the interpretation of forensic evidence would need to include a description of the likelihood-
ratio framework (this could be developed from and make reference to the existing literature), and guidance
as to how to implement the framework. A summary of the case assessment and interpretation model (CAl,
e.g., Cook et al, 1998; Jackson et al, 2006), of which the likelihood-ratio is a core component, would
provide guidance to the forensic scientist in selecting appropriate prosecution and defence hypotheses,
including whether it is appropriate for them to address source level or activity level hypotheses. Guidance
as to how to select the relevant population as defined in the defence hypothesis should also be included
(e.g., Robertson & Vignaux, 1995, ch. 3; Aitken & Taroni, 2004, p. 274-281; Champod et al, 2004; Lucy,
2005, p. 129-133; Morrison etal , 2012). It is important to understand that a likelihood ratio is a strength-
of-evidence statement in answer to a specific question defined by the prosecution and defence hypotheses,
and that value of a likelihood ratio cannot be interpreted without understanding those hypotheses.

The standards should specifically state that the likelihood-ratio framework is currently the only acceptable
framework for the evaluation of the strength of forensic evidence.



2. Testing of validity and reliability under conditions reflecting those of the case under investigation

While concern about the logically correct framework for the evaluation of forensic evidence has been
particularly strong in Europe and Australasia, concern about the validity and reliability of forensic science
has been particularly strong in the United States. In 1993 the Daubert ruling (Daubert v Merrell Dow
Pharmaceuticals (92-102) 509 US 579 [1993]) was particularly concerned that the “evidentiary reliability”
of forensic techniques be demonstrated (the Court equated “evidentiary reliability” with “scientific
validity”) and set a new standard for the admissibility of forensic evidence (although in practice the ideals
of the standard are not always met). The Law Commission of England & Wales (2011) has also recently
recommended an admissibility standard based on “evidentiary reliability”.

In 2009 the US National Research Council published a report to Congress on Strengthening Forensic
Science in the United States (NRC, 2009), which found that:

“[S]ome forensic disciplines are supported by little rigorous systematic research to validate the discipline’s
basic premises and techniques. There is no evident reason why such research cannot be conducted” (p. 22).

“The development of scientific research, training, technology, and databases associated with DNA analysis
have resulted from substantial and steady federal support for both academic research and programs
employing techniques for DNA analysis. Similar support must be given to all credible forensic science
disciplines if they are to achieve the degrees of reliability needed to serve the goals of justice.” (p. 13)

The report urged that procedures be adopted which include “quantifiable measures of the reliability and
accuracy of forensic analyses” (p. 23), “the reporting of a measurement with an interval that has a high
probability of containing the true value” (p. 121), and “the conducting of validation studies of the
performance of a forensic procedure” (p. 121)

| take the position that use of the logically correct framework for the evaluation of evidence is a necessary
precursor to evaluating the validity and reliability of forensic science. | therefore disagree with the
particular metric for measuring validity proposed in the NRC report, which depends on binary decisions
based on posterior probabilities, and with the particular metric for measuring validity proposed in
Appendix B3 of the draft standards, which is based on frequentist rejection or failure to reject the null
hypothesis (note that even from a frequentist perspective the draft standards are incorrect in equating
failure to reject the null hypothesis with support for the null hypothesis). Instead | recommend metrics of
validity and reliability consistent with the réle of the forensic scientist in the likelihood-ratio framework,
i.e., metrics based on the continuously-valued likelihood-ratio output of a forensic-evaluation system
(Morrison, 2011) (a system includes the types of measurements made, techniques used to make those
measurements, databases used, statistical models used, and all elements involving input from human
experts).

I also take the position that testing of the validity and reliability of a forensic-evaluation system is not
generally something which can be done once and then extrapolated to multiple different casework
conditions. Rather, to the extent that the conditions of each case are different from the conditions of other
cases, the validity and reliability of a forensic-evaluation system must be assessed under conditions
reflecting as closely as possible those of the particular case under investigation, including using test data
taken from the relevant population (Morrison, 2011; Morrison et al, 2012). Tests of the performance of a
system under one set of conditions are not necessarily informative as to the performance of that system
under other conditions.



The standards should specify that the validity and reliability of the forensic-evaluation system be assessed
under conditions reflecting as closely as possible those of the case under investigation and using metrics
consistent with the réle of the forensic scientists within the likelihood-ratio framework. Also, that the
results of these evaluations be provided to the judge when considering admissibility, and to the trier of fact
when considering the strength-of-evidence statement derived via the use of the forensic-evaluation system.
Systems which have not been so tested should not be used for the evaluation of forensic evidence.

3. Use of quantitative measurements, databases reflecting the relevant population, and statistical
models

Testing of validity and reliability is a hallmark of modern scientific practice, the use of data, measurements,
and statistical models are also hallmarks of modern scientific practice, they provide transparency and
facilitate replicability. A forensic report (or case notes accessible to the court), like a scientific research
report, should contain a sufficient description of materials and methodology that another suitably qualified
scientist or team of scientists in a suitably equipped laboratory can replicate the analysis and (under normal
circumstances) arrive at substantially the same result.

If there is substantial disagreement between the output of two forensic-evaluation systems each using data,
measurements, and statistical models, then the source of this disagreement can be traced through any
differences in choice of the type of measurements made, measurement techniques, choice of database
reflecting the relevant population, choice of statistical modelling techniques, etc. There is no such thing
as absolute objectivity, and examination of the choices listed above may reveal differences in opinion as
to appropriate databases, measurement, modelling techniques, etc. Such an examination would potentially
reveal very specific underlying causes of differences in system output, which could be debated by forensic
scientists and potentially resolved pre trial, or which could be disclosed, explained, and considered in the
trial process.

The transparency and replicability of approaches based on data, measurements, and statistical models
contrasts with approaches based entirely or primarily on the experience of a forensic examiner. Subjective
experience-based decisions are not easily replicated nor as open to the tracing and potential resolution of
underlying sources of disagreement, and are more susceptible to human bias (a particular concern of the
NRC report).

I consider the use of the likelihood-ratio framework and testing of validity and reliability under conditions
reflecting those of the case at trial to be obligatory. In contrast, | consider the use of quantitative
measurements, databases reflecting the relevant population, and statistical models to be highly preferable.
The reason for this is that irrespective of the approach taken to arrive at a likelihood ratio, the validity and
reliability of the forensic-evaluation system should be assessed under conditions reflecting those of the case
at trial, and whichever system is found to have the highest degree of validity and reliability should be
employed irrespective of its architecture (when systems are compared they must all be assessed on the
same set of test data). Such testing provides a principled way of comparing experience-based systems with
data-and-statistical-model based systems assuming the experience-based practitioner is willing and able
to undergo the testing regime. Refusal or inability to undergo testing should disqualify the system from
being used for the evaluation of forensic evidence, especially if a testable alternative system is available.
Note also that experience-based judgments expressed on an ordinal or continuous scale can be treated as
dataand converted to likelihood ratios using statistical models, assuming the experience-based practitioner
is willing and able to perform sufficient tests to provide training data for the models (Lindh & Morrison,



2010; Ramos et al, 2010).

The standards should express a strong preference for systems using quantitative measurements, databases
reflecting the relevant population, and statistical models.
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