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Experts providing evidence in legal cases are universally recommended to be
transparent, particularly in their reasoning, so that legal practitioners can
critically check whether the conclusions are adequately supported by the
results.

However,

when

exploring

the

practical

meaning

of

this

recommendation it becomes clear that people have different things in mind.
The UK appeal court case R v T painfully exposes the different views. In this
paper we argue that there can be a trade-off between clarity and transparency,
and that in some cases it is impossible for the legal practitioner to be able to
follow the expert’s reasoning in full detail because of the level of complexity.
All that can be expected in these cases is that the legal practitioner is able to
understand the reasoning up to a certain level. We propose that experts should
only report the main arguments, but must make this clear and provide further
details on request. Reporting guidelines should address the reasoning in more
detail. Legal practitioners and scientists should not be telling each other what to
do in the setting of a legal case, but in other settings more discussion will be
beneficial to both. We see the likelihood ratio framework and Bayesian
networks as tools to promote transparency and logic. Finally, we argue that
transparency requires making clear whether a conclusion is a consensus and
reporting diverging opinions on request.
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1.

Introduction
Transparency is generally considered an essential requirement for expert evidence used

in legal cases, in many kinds of legal systems and in many countries. The concept may refer to
various aspects of expert evidence. For example, Mnookin et al. (2011) use it in relation to access
to data from forensic science institutes for research purposes and to forensic examiners as test
objects, and in acknowledging errors. In this paper, we restrict ourselves to a single different
aspect: the expert’s reasoning process.
In a recent UK court case, R v T (R v T 2010), the transparency of the expert’s reasoning
was one of the many issues that was criticized by the court. The problem was that the expert, a
shoe print expert, had presented his evidence without mentioning that he had performed a
likelihood ratio calculation (e.g. Robertson and Vignaux 1995, Taroni and Aitken 2004) based on
imperfect data. In the development of the appeal, a reviewer of the expert’s report noted that
likelihood ratio calculations were performed but not reported. The expert’s explanation for the
omission was that it was no standard practice for the details relating to statistics and likelihood
ratios to be included in a report. He made clear that the data were not available to an exact and
precise level and it was only used to confirm an opinion substantially based on his experience and
so that it could be expressed in a standardised form (R v T, para 38).
Indeed, the standards set out for reporting expert opinion by the AFSP (2009) state:

“Transparency - The expert will be able to demonstrate how he came to his
conclusion. He will set out in the statement or report the basis of his
opinion viz.:
•

Propositions addressed.

•

Test or examination results.

•

The background information he has used in arriving at his conclusion.

•

He will be able, if required, to provide the data he has used and its
provenance.”

Note that this guideline recommends reporting the input of the reasoning process
(propositions, results, background information, and data), but does not say anything about
reporting the reasoning itself: e.g. why these propositions are chosen, or how the input leads to
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the conclusion. The first sentence merely states that the expert should be able to explain the
reasoning, but doesn’t say if or how it should be reported. This is like giving someone the
ingredients of the cake, but not the recipe to bake it. The same vagueness concerning reporting
expert reasoning is found in other guidelines, e.g. the recent ISFG recommendations on forensic
animal DNA (Linacre 2011) only states “The method of the evaluation of the weight of the
evidence should be stated clearly…”. In this paper we will propose a clarification of this point for
the AFSP guideline.
The court of appeal in R v T regarded the omission of the likelihood ratio calculations as
a serious lack of disclosure:

“The process by which the evidence was adduced lacked transparency.
This is no personal criticism of Mr [...], as he was simply following
practice. However, it is simply wrong in principle for an expert to fail to
set out the way in which he has reached his conclusion in his report.”
(R v T, para 108).

This view merits further discussion. It is fairly common for experts to report the basis of
their opinion, and the arguments underlying the conclusion, but only up to a level that they think
the readers of the report are able to understand. The omission of technicalities and minor details
in the reasoning is broadly accepted and even promoted. Hence likelihood ratio calculations and
other kinds of analysis might be performed to study the case, without being reported. To report it
or not is a choice that is made for every individual case, and we will return to the choice made in
this specific case later. An increasingly popular way to facilitate expert reasoning is the use of
probabilistic graphical models called Bayesian networks (e.g.,Taroni et al. 2006). However, many
experts are reluctant to present the Bayesian network at court.. For instance, Evett et al (2002)
write concerning the use and presentation of Bayesian networks:

“We anticipate that Bayesian networks will play an increasingly important
role in forensic science. This does not necessarily mean the vision of the
scientist presenting networks at court — but their power in enabling the
scientist to understand the fundamental issues in a case and to discuss
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them with colleagues and advocates is something that has not previously
been seen within forensic science.”

We note that consumers and producers of expert evidence agree about the necessity of
transparency in expert reasoning, while having differing views on how this should be put in
practice. We think that the cause of this difference lies in the rather vague nature of the concepts
“transparency” and “expert reasoning”. The purpose of this paper is to explore these concepts and
to promote discussion about it. We will consider likelihood ratio calculations and the use of
Bayesian networks in particular, as these are becoming increasingly important for expert
reasoning. We do not claim to present original solutions or ideas. Many of our suggestions may
well have been already implemented at various institutes. Our goal is to promote the exchange of
ideas about the topic, so that guidelines addressing it can be more specific, and confusion in legal
cases between experts and legal practitioners such as in R v T can be prevented.
We will first define what we mean with “expert reasoning”, and “transparency” of it.
Subsequently, we will consider the question whether we want the expert to be fully transparent.
We will argue that full transparency cannot always result in full understanding, and that there can
be a trade-off with clarity. Given these restrictions, we will arrive at what should be reported and
what not. We will also consider the interaction between legal participants and experts. Finally, we
will consider how current practice can be improved.

2.

Definition of concepts

Expert reasoning
With the term “expert reasoning” we mean the interpretation or logical argumentation of
the expert, showing how the conclusion follows from the results of an examination. This
interpretation is the output of a thought process. The input of this process consists of the expert’s
knowledge and experience concerning similar earlier cases, literature, experiments, and of course
the results in a current case. The case may also be discussed with colleagues, and their knowledge
may be used as input. The process itself consists of deriving the questions to be answered,
selecting from the input the information needed to answer the questions, structuring this
information into a coherent argumentation for answering the questions, and formulating the
conclusion.
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The thought process may be made explicit in a likelihood ratio analysis, either in
numerical or verbal form (see e.g. Cook et al 1998, Evett 1998) or in a graphical way using a
Bayesian network (e.g. Aitken and Gammerman 1989, Taroni et al. 2006). The thought process
requires the estimation of all sorts of uncertain parameters, e.g. frequencies, transfer probabilities,
sampling and measurement uncertainties, sensitivities, etc. The accuracy of these estimates
depends on the quality of the input information and may vary from a rough guess to a precise
number. By combining all these estimates, either explicitly in a likelihood ratio calculation or
implicitly, the expert reaches a conclusion. Subsequently, there are several ways of verifying, for
instance by a crude calculation to check the order of magnitude of the likelihood ratio, performing
real or thought experiments, running computer simulations, trying to falsify the conclusion with
e.g. counter examples, and comparing with the conclusion of another expert who analysed the
same case.
In R v T for example, the expert reached a conclusion implicitly, based on his experience.
He also performed a likelihood ratio analysis that forced him to make this reasoning more
explicit, even if the numbers were subjective, rough estimates or based on a database that is not
fully representative. According to the expert, he used this analysis as a confirmation of his
implicit analysis.

Transparency of expert reasoning
What do we mean when we require the expert to be transparent about his reasoning? As
described above, expert reasoning is a sometimes complicated process involving a number of
aspects such as deriving questions, selecting and structuring information, and formulating and
verifying a conclusion. Transparency of reasoning in our view concerns the disclosure of those
aspects. When writing an expert report, the following choices are made:
●

Which aspects to report. The expert can choose to report all aspects, or make a selection
and report only those aspects that are deemed relevant. It is also still fairly common for
experts to report no aspects at all: the report simply jumps from results to conclusion.

●

For each reported aspect A, the level of detail to report it. This level may vary from full
detail, where every (technical) detail of A is reported, to no detail, where A is only
mentioned.
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The expert who reports every aspect of his reasoning in full detail is completely
transparent about his reasoning. But do we really want the expert to do this?

3.

Do we want experts to be fully transparent?
To answer this question we have to look at the purpose of the report. In order for legal

practitioners to make effective use of expert reports in the legal process they must be able to
understand what the expert concluded and how. They must also be able to be critical about it in
the sense that they (and/or a counter-expert) should be able to judge whether the expert addressed
the appropriate questions, whether the technical methods he used were sufficiently reliable, and
whether the results support the conclusion. It is the latter that requires the expert to be transparent
about the reasoning process. Obviously, the legal practitioner could do a better job if he were able
to follow every detail in this process. But is this feasible?

Can full transparency result in full understanding?
The reasoning process leading to a conclusion often requires more than just “common
sense” and basic logic. The forensic results often require knowledge about the process that
produced them. But apart from this, the interpretation process involves probabilistic reasoning, as
shown over the past decades in a line of research called ”evidence interpretation”. Forensic
experts are (or should be) trained in this kind of reasoning, which can range in complexity from
simple assessments that are easy to follow to rather complicated formulas or graphical models
called Bayesian networks that require a lot of explanation when presented.
For the simple probabilistic assessments, it is perfectly feasible for legal practitioners and
jury members to follow the reasoning in detail. For example, if the DNA profile of a crime stain
does not match the suspect’s profile, the DNA is from someone else (unless an unlikely error was
made). The real challenges are the complex lines of probabilistic reasoning. It is our opinion that
these can involve expert knowledge in the same way that the technicalities of the method that
produced the results involve expert knowledge. It is an illusion to think that the legal practitioner
should be able to follow such a reasoning process in full detail in a limited amount of time. All
that can be expected in these cases is that the legal practitioner is able to understand the reasoning
process up to a certain level. Beyond that level, he has to rely on the expert, his own counter
expert, or be prepared to spend a significant amount of time and effort. That level should be such
that he can judge whether a counter expert should be hired, and if not, to be able to critically
consider the expert’s reasoning himself. As Aitken et al. (2010) put it, “In short, judges, lawyers
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and expert witnesses should be responsible producers and discerning consumers of statistical
information and probabilistic reasoning whenever they are introduced into criminal proceedings.”
For example, when a detailed and complicated Bayesian network such as presented in
Cowell et al (2011) is used to analyse a DNA mixture, we cannot expect a legal practitioner or
jury member to fully understand the details of this model, as this would entail knowledge about
e.g. Dirichlet distributions and hyperparameters. However, the legal practitioner could follow the
reasoning at a more general level and, guided by the expert, just look at the graph and see what is
the input, what is the output, realise that there is a hidden layer with probability tables, get a
general idea of robustness, and know the main assumptions and choices that were made. A
(counter) expert should know every detail of the model, including the underlying probability
tables, sensitivity analysis etc. To draw an analogy, a pilot (the legal practitioner) needs to
basically understand how the plane works in order to recognise problems and fly it safely, and the
plane technicians (the forensic experts) need to know the inner workings of the plane.
Our view that understanding the experts reasoning process is only feasible up to a certain
level seems to be shared by others. Fenton and Neil (to appear) write: “While many members of
the legal profession are aware of the fallacies, they struggle to understand and avoid them. This
seems to be largely because they cannot follow Bayes’ Theorem in its formulaic representation.
Instead of continuing the painful struggle to get non-mathematicians to understand mathematics
we must recognise that there is an alternative approach that seems to work better.” They propose
to present Bayesian networks in reports and in court as a way to explain the reasoning without
using mathematics. Their approach allows legal participants to understand the logic of the
reasoning, but not the mathematical proof of this logic.

A trade-off between clarity and transparency
We call the expert’s reasoning clear when a lay person quickly understands the line of
reasoning and the crucial parts in it. We call the reasoning transparent when all its aspects are
addressed in detail. Can we achieve both? Unfortunately, as many experts have experienced at
some point in their career, discussing a scientific analysis in full technical detail in a report or in
court conflicts with clarity: most experts will be considered incomprehensible by legal
practitioners and jury members. Furthermore, there is a limited amount of time that can be spent
on the scientific evidence, so full transparency is not an option for practical reasons too.
Consequently, one of the main tasks of an expert lies in the filtering of information: what is
important in the case, and to whom?
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Clarity is optimised when only the most important aspects of the experts reasoning are
summarized at a lay person’s level. Unfortunately, this might not be an option either because it
can reduce transparency: legal processes can be unpredictable, and details that seemed
unimportant at first can become crucial at a later stage. Also, the defence should be given the
opportunity to question the filtering, and this requires disclosure of all information including
those parts that the expert considers irrelevant.
A lazy and surprisingly popular option is to mention no aspect at all, and jump straight
from results to conclusion. Surely this leads to the shortest, but also the worst report as this does
not allow legal practitioners to check whether the results indeed support the conclusion.
Thus, legal participants can only understand the expert’s reasoning up to a certain level,
even when the expert is fully transparent. Furthermore, there is a trade-off between transparency
and clarity. A good expert therefore filters information for the sake of clarity, while still providing
all of it for the sake of transparency. In the following we will address the question how this can be
achieved.

4.

How to report expert reasoning?

Dealing with minor aspects
As described above the reasoning process of the expert has many aspects, and a good
expert reports only the important ones. How to deal with the other aspects? Because of the tradeoff between clarity and transparency, we think that the expert does a bad job if he considers these
parts in the report. Most of the time it will just cloud the issues that really matter. We believe the
solution lies in reporting that some parts of the reasoning are omitted, but are available on
request. Quality assurance systems usually require that the underlying reasoning is documented
completely in the case file, for further reference. The expert could state, for example, that for the
sake of clarity the report only presents the main arguments underlying his opinion, and that
further details are documented in the laboratory case file and are available on request. Another
option is to present the “filtered” information in an appendix, or to structure the report or
presentation otherwise to make a clear distinction between the relevant information and the
information that the expert at that stage considers of minor importance for the legal process. In
this way, the expert’s reasoning is clear, and complete in the sense that all aspects are disclosed,
just not all aspects are explained.
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Which aspects should be reported?
We concluded that only aspects that are of interest should be reported. But when are they
of interest? This is a difficult question in general. We think that for answering it, it is useful to
distinguish between arguments and the tools used to find or explore them. To clarify this, let us
first consider a simple example. Suppose that an expert discusses a case with a colleague over
lunch, and that this colleague suggested considering the “missing” evidence: evidence that was
not observed but which was expected under the prosecution hypothesis. In this example, the
argument is the “missing” evidence, and the tool to find it was the colleague during lunch. For the
legal process it is important that the expert considers the “missing” evidence in his report, but
mention of the colleague is superfluous and it is safe to only document the discussion with him in
the case file.
Now let us consider a more complicated example. In a fibre case the question of interest
is how a set of fibres was transferred, by direct contact or otherwise. The expert will base his
opinion on many arguments concerning transfer, persistence and recovery of the fibres, e.g. the
probability of transfer from the suspect’s wool sweater to the victim’s clothes in case of direct
contact is large because this type of wool easily sheds many fibres. Suppose that this probability
is slightly less if the sweater is wet. The expert may construct a Bayesian network model, which
requires thinking about which hypotheses may be addressed, which variables are relevant, their
dependencies, and which assumptions are necessary. Based on the graphical model, the software
automatically shows which probabilities need to be estimated. The construction of the network
thus provides insight in the problem and serves as a visual aid to structure thought, making sure
he does not overlook considering some variable, dependency, probability or assumption. The
network also facilitates discussion between experts as a visual representation of the reasoning that
quickly shows what was taken into account. The expert may thus use the network as a tool to
produce a complete and coherent reasoning in writing. For the lawyer, however, it is not of
interest to know what tool was used to facilitate the reasoning, a Bayesian network, a discussion
over lunch, or anything else. Only the reasoning itself is of interest. It suffices to document the
Bayesian network in the case file (and report, as suggested above, that only the main arguments
are reported and further details are available from the case file).
The network may subsequently be used as a probability calculator to produce e.g. a
numerical likelihood ratio, or a sensitivity analysis. However, the output is only as reliable as the
input of the network (probabilities of transfer, recovery and persistence of wool fibres in certain
circumstances). When the input data are sufficiently reliable, the expert may use the numerical
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output of the network as part of the reasoning, or even as the conclusion itself. In DNA
relatedness analysis for instance, the reported “paternity index” is in fact a likelihood ratio. For
the lawyer, it is of interest to know how such numbers were produced, including important details
such as assumptions made (Gjertson et al. 2007).
Generalizing the above, we conclude that experts use certain tools to arrive at a set of
main arguments supporting their conclusion. In our opinion, it is this set that is important and that
should be reported, rather than the tools used to arrive at it. Consequently, when a method is
sometimes used as a tool to facilitate reasoning, and sometimes as an argument, it should only be
reported in case it is used as an argument. We therefore believe that demanding that certain
methods should always be, or not be, reported (like the court in R v T does for likelihood ratio
methods) is not in the interest of the legal process. The selection criterion for reporting a certain
aspect of the expert’s thought process should be the added value to the argumentation. Since
assessing this added value typically requires scientific knowledge, (and also for practical reasons)
it is the scientist who must decide on this. It may always happen that a minor argument that was
not reported becomes important in the case. The only solution to prevent this from happening is
demanding full transparency. We have explained above why this is not a good solution.
For instance for the fibre case, it is up to the scientist to decide that the network is just a
tool for structured thinking that is documented in the case file but isn’t worth reporting. It is also
up to him to select from all the arguments the main ones that need reporting (e.g., the large
transfer probability of the wool fibres) and the minor ones that are documented in the case file
only (e.g., that this probability is a bit smaller if the sweater was wet). It may turn out later in the
case that the sweater was soaked. If the fibre evidence is crucial, the lawyer can ask for the details
in the case file, if it is made clear in the report that such details are available.
Should the expert have reported the likelihood ratio calculation in R v T? The Court
considered the omission a serious lack of disclosure. They suspected that the reason for the
omission was that “outside the field of DNA (and possibly other areas where there is a firm
statistical base) this court has made it clear that Bayes theorem and likelihood ratios should not be
used.” (R v T, para 90), and “The justification advanced in the evidence in this appeal for not
including in the reports the use of the formula and statistics was that it might confuse the jury. No
doubt this was a reaction to the perceived consequences of the views of this court expressed in
Adams and subsequent cases.” (R v T, para 99). The expert explained why he considered the
likelihood ratio calculation of minor importance: “He made clear that the data were not available
to an exact and precise level and it was only used to confirm an opinion substantially based on his
experience and so that it could be expressed in a standardised form.” (R v T, para 38). According
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to the expert, his (experience-based) arguments concerned pattern, size, wear and damage of the
shoes, and the likelihood ratio calculation was merely used as a tool to explore and confirm these
arguments. In our view, if the expert truly considered the added value to his experience based
reasoning as negligible, he made the correct decision not to report it. This raises the question to
what extent the numerical value of the likelihood ratio determined the level of the verbal
conclusion (“moderate support”). In any case, he could have stated that his opinion was based on
a number of sources of information, that he reported the main arguments and that further details
were available on request. Perhaps a simple statement like this could have prevented the
impression that there was (an intentional) failure of disclosure.

What is the appropriate level of detail?
In the above we saw that the degree of transparency about a certain aspect can vary from
no to full detail. Obviously, counter experts should be provided with full details. For legal
practitioners, the appropriate level of detail increases with the importance of the argument. For
crucial arguments experts should aim for the highest level of detail that is still understandable for
legal practitioners. Thus, if a likelihood ratio formula, a frequency calculation based on a
database, or a Bayesian network is the foundation of the expert’s opinion, the expert should try to
convey all information needed to explain the reasoning but avoid mathematical or technical
details that distract from the argument rather than explain it. Fenton and Neil (to appear) are also
in favour of avoiding mathematical details: “Crucially, there should be no more need to explain
the Bayesian calculations in a complex argument than there should be any need to explain the
thousands of circuit level calculations used by a calculator to compute a long division. Lay people
do not need to understand how the calculator works in order to accept the results of the
calculations as being correct to a sufficient level of accuracy. The same must eventually apply to
the results of calculations from a BN tool. […] Because of this, we believe that in 50 years time
professionals of all types involved in the legal system will look back in total disbelief that they
could have ignored these available techniques of reasoning about evidence for so long.” Time will
tell if this view is realistic. We agree that explanation would more likely be concerned with the
structure of the network and its probability tables than with computational details.
As an example, when a detailed and complicated Bayesian network is used to analyse e.g.
a DNA mixture, the report could just present the important assumptions and the argumentation
derived from the network analysis in a verbal way. The expert could then mention that his opinion
is based on a probabilistic model, with details available on request. When more details are
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requested, the network can be presented but not necessarily in full mathematical detail. Fenton
and Neil’s (to appear) approach can be used to do this. It should always be clear, however, that
full details are provided when asked for or when counter experts are involved.

5.

Interaction between legal practitioners and experts

Can the legal practitioner tell the scientist how to do science?
In R v T (para 95) the Court states: “In our judgment, an expert footwear mark examiner
can therefore in appropriate cases use his experience to express a more definitive evaluative
opinion where the conclusion is that the mark “could have been made” by the footwear. However
no likelihood ratios or other mathematical formula should be used in reaching that judgement for
the reasons we have given.” We cannot interpret this statement other than legal practitioners
telling the scientist how to do science, which we regard to be unacceptable. Legal practitioners
would be shooting in their own foot if they would succeed in this interference with science. Not
surprisingly, there was a protest against both the principle and content of this judgment, supported
by many forensic scientists [e.g., position statement 2011, Berger et al. 2011). In our opinion, the
expert should be transparent in his reasoning, allowing the legal practitioner to be critical about
the expert’s opinion and either use it in the legal process or not. However, when criticised in court
it is up to scientists, and not legal practitioners, to decide whether the criticism is scientifically
relevant and the reasoning in subsequent cases should be adjusted. Neufeld and Scheck (2010)
also warn against the interference of legal practitioners with science: “Political and criminal
justice ends -rather than research imperatives- have taken forensic science off course. We can
bring about substantial improvement only if we trust scientists to take charge of forensic science,
free of politics and independent of outside influence.”

Can the scientist tell the legal practitioner how to practice law?
Interestingly, the reaction of the Court in R v T may have been triggered by a previous
case in which a scientist showed how the jury could combine the scientific with the non-scientific
evidence using elementary probability calculus. When discussing this well-known Adams case,
Evett and Weir (1998, page 238) conclude: “The root problem is that the legal system exerts
powerful forces against carrying through the most appropriate procedure effectively.” Indeed, the
Court in R v T writes (para 46): “It was submitted to the court that the approach adopted was a
Bayesian analysis which this Court had robustly rejected for non DNA evidence in a number of
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cases: R v Dennis Adams [1996] 2 Cr App R 467, R v Adams (No 2) [1998] 1 Cr App 377; R v
Doheny [1997] 1 Cr App R 369.” Gill et al. (2006) see a responsibility for scientists to educate
legal practitioners: “Recommendation 2: Even if the legal system does not implicitly appear to
support the use of the likelihood ratio, it is recommended that the scientist is trained in the
methodology and routinely uses it in case notes, advising the court in the preferred method before
reporting the evidence in line with the court requirements. The scientific community has a
responsibility to support improvement of standards of scientific reasoning in the court-room.”
We think that scientists and legal practitioners should not tell each other how to do their
job in the setting of a legal case. Professional discussion and interaction between the two groups
in other settings however, is to be promoted. This holds for academics but also for practitioners.
In the UK and in the Netherlands, for example, such interactions are currently emerging. The
International Conference on Forensic Inference and Statistics is an initiative dating back to 1990
that aims to bring together forensic scientists / statisticians and legal practitioners. Fenton and
Neil (to appear) conclude: “There is clearly a general problem for the statistics community about
how to get their voices heard within the legal community. […] If we can similarly break down the
barriers between the mathematics and law communities, then there could be a transformative
impact in the way legal evidence is analysed and presented.”

6.

Current practice and room for improvement

Reporting expert reasoning
The way that expert reasoning is reported varies widely over countries, areas of expertise,
and experts. Many reports simply jump from the “results” section to the “conclusion”, without
explaining how the results lead to this conclusion. Other reports include an “interpretation of
results” section, which may be very lengthy and detailed but which may also be very short.
Information sheets providing information about the method and the basis of the conclusion in
general can accompany the report. For those reports that jump from results to conclusion, or that
address the interpretation of the results only superficially, there is certainly room for
improvement.
It is important not to confuse an agreed procedure relating results to conclusion with the
reasoning underlying the conclusion. Often the procedure is clear, but the reasoning itself is not.
This is the source of a common misunderstanding, where the expert may think he is perfectly
transparent in how he arrived at his conclusion, whereas others may criticise his method as a
black box. For instance, when we consider the field of fingerprint evidence, in many countries the
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procedure by which a conclusion is reached is crystal clear: a number of corresponding minutiae
is identified, and the conclusion follows from this number and a threshold. However, it is the
subjective nature of the identification of the minutiae, and the underlying logic of the threshold
and the conclusion that is the problem (e.g. Cole 2008).

Improving (transparency of) expert reasoning
There is a general sense that there is room for improvement in the reasoning itself: many
scientists feel a fundamental change is necessary in forensic science, and the direction is towards
the use of probabilistic and statistical methods (e.g. Lindley 1977, Evett 1998, Saks and Koehler
2005, Curran 2009, Saks 2010). The likelihood ratio framework for interpretation of evidence is
increasingly used, and this will ultimately increase the transparency of expert reasoning.
Concerning this claim in footwear mark evidence and the R v T case, Skerret et al. (2011) write:
“...we have shown, using casework examples, how the model can act as a guide to increase the
transparency of the evaluation and reporting of the weight of shoe mark evidence.” Also,
Bayesian networks are promoted as tools for creating transparency: “Detailed statistical
modelling is practically and economically infeasible in such “messy” situations, but nevertheless
judgements have to be made. In practice these decisions can be a black art, involving opaque
assumptions and unchecked subjectivity, but in our experience Bayesian methods can help bring
some rigor and structure. More importantly, they also encourage transparency and allow
uncertainties and assumptions to be modelled explicitly.” (Fenton and Neil 2006).
Indeed, in our view an expert who argues: “the shoe mark was probably left by the shoe,
because based on my long-term experience I can tell that there are enough corresponding
acquired features to justify this conclusion” is absolutely non-transparent: the argumentation is a
logical black box. An expert who argues that the corresponding acquired features provide strong
evidence to support the view that the shoe made the mark (versus that some other shoe with the
same size and sole pattern made the mark), and presents a verbal argumentation along the lines of
a likelihood ratio analysis (that is documented in the case file), is much more transparent: the
logical argumentation can be explained in full detail if necessary.
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Does transparency require reporting diverging opinions?
In many forensic science laboratories, each case is interpreted by two or more
caseworkers independently. When opinions diverge, the currently predominant practice is to
discuss the case with each other, formulate a consensus conclusion and report only this, without
mentioning that originally opinions diverged. Sometimes consensus is reached easily because one
of the experts discovers he had overlooked something. It may also happen that one expert
convinces the other (hopefully not by using seniority as an argument). However, if courts and
scientists truly value transparency then it is better to report all opinions separately, or report them
as an appendix of the report. Mnookin et al. (2011) seem to support reporting diverging opinions:
“Perhaps more robust reporting requirements, in which an analyst routinely discloses any
interpretive disagreement within her laboratory report, would be a simpler means to achieve a
similar goal.” In our opinion, in most cases consensus opinions are valuable as a joint conclusion
shared by experts but it is important to make clear that the opinion is a consensus, and that the
original opinions are documented in the case file (available on request). The use of likelihood
ratio analyses or Bayesian networks facilitates understanding at which points opinions diverge.
Concerning Bayesian networks, Aitken and Gammerman wrote back in 1989: “There are many
conceptual problems to be solved here but the procedure enables different opinions to be
modelled quickly and coherently. Problems which may arise over assessment of these
probabilities will be highlighted by the procedure.”

Improving guidelines
Given the importance of transparency of expert reasoning, we propose to include this
topic in reporting guidelines. In particular, the AFSP guideline (AFSP 2009) states:

“Transparency - The expert will be able to demonstrate how he came to his
conclusion. He will set out in the statement or report the basis of his
opinion viz.:
•

Propositions addressed.

•

Test or examination results.

•

The background information he has used in arriving at his conclusion.
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•

He will be able, if required, to provide the data he has used and its
provenance.”

We propose to change the first sentence: “The expert will report how he came to his
conclusion. He will report only those arguments that in his view are important. He will document
his reasoning in full detail in the case file.”
We also propose to add four bullets:
●

Main assumptions

●

The interpretation and evaluation of the results in the light of the propositions and the
background information, thus explaining how the results lead to his conclusion (the
likelihood ratio).

●

He will make clear that only main arguments are reported and that full details are
available on request from the case file.

●

He will make clear if the opinion is a consensus opinion, and that the original opinions
are available on request from the case file.

7.

Conclusions and recommendations
We summarize our conclusions and recommendations below:
●

We have defined expert reasoning as the argumentation showing how the conclusion
follows from the results. It is the output of a thought process that involves many aspects
(concerning deriving questions, selecting and structuring information, formulating and
checking a conclusion).

●

Transparency of reasoning concerns two decisions: which aspects to report and at what
level of detail.

●

Transparency is required because the legal practitioner needs to understand the expert’s
reasoning to check whether the results support the conclusion. However in complex
cases, the legal practitioner can only understand the reasoning up to a certain level.

●

There can be a trade-off between clarity and transparency.

●

The scientist should only report those aspects of his reasoning that have significant added
value to the argumentation. Other aspects should be documented in the case file but
omitted from the report for sake of clarity.
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●

The expert should aim for a high level of detail only for crucial parts of the reasoning.
Less important arguments can be presented at a more global level. The report should
make clear that only the main arguments are presented and that further details are
available on request.

●

Legal practitioners and scientists should not tell each other how to do their job in the
setting of legal cases, but discussion between the two groups in other settings is to be
promoted.

●

There is currently room for improvement in the expert’s reasoning itself, and sometimes
in reporting it. The likelihood ratio framework and Bayesian networks promote
transparency and logic.

●

Transparency requires making clear whether a conclusion is a consensus and reporting
diverging opinions on request.

●

We recommend to explicitly address transparency of expert reasoning in reporting
guidelines.
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