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ABSTRACT

This paper explores procedural mechanisms to resolve differing conclusions when two experts have initially worked independently. These experts can be two human
examiners or one of them may be a computer-based model. The resolving process is presented as part of the ACE-V protocol adopted widely in pattern recognition
areas (e.g. fingerprints, footwear marks, toolmarks or handwritings/signatures comparisons). It set the conditions of operations and delineates a resolving process
that is based on the principles of transparency and detailed argumentations. We predict a gradual but steady introduction of computer-based models in the forensic
pattern recognition areas. In our opinion, the rules to resolve differing opinions ought to be articulated and documented in the form of standard operating procedures,

before any deployment in casework practice.

1. Introduction

In forensic pattern comparison areas, such as fingerprints, tool-
marks, footwear marks or handwritings and signatures comparisons,
the examination follows a four-step process named ACE-V for Analysis,
Comparison, Evaluation and Verification. First formalised by Huber
[18], several authors further refined and detailed this process
[3,6,34,35]. Some even scrutinized it through experimental research
(e.g. [20]). In the first part of this paper, this framework will be briefly
introduced, focusing on the Verification step. In spite of existing defi-
nitions of this step, advice is scarce regarding the way differing opinions
between forensic examiners in the verification stage can be resolved.

Indeed, every expert has faced at one time or another of his career
this situation: one expert reaches a different conclusion than the one
reached by his colleague. For example, in a pattern comparison case
(involving for example toolmarks, footwear marks or fingermarks), a
first expert may reach an inconclusive conclusion, while the other may
support the proposition of common source. The difference between the
two conclusions can be even more marked, for example, if one expert is
more inclined towards a common source while the other is guiding
towards different sources. A few case examples of differing conclusions
between two experts are illustrated in Fig. 1. All throughout this paper,
the strength to be attached to the forensic findings — named generically
strength of the forensic findings or SFF) — is expressed by a likelihood ratio
(LR), which is now generally accepted among forensic scientists as a
rigorous and logical framework [1,4,14,33,36]. The likelihood ratio is
the metric that, when expressed in logl0 form, gives the weight of
evidence (WoE) to be associated to the forensic observations [15]. This
approach clearly identifies the roles and responsibilities of the forensic
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examiner and of the Court. In this approach, the findings are evaluated
in the light of competing propositions that generally reflect the views of
the parties at trial [9].

The key question that we explore in this paper is how are these cases
with differing conclusions between the two experts resolved? One of the
two experts can try to convince the other that his logic is better, he
could invoke experience, or that he spent more time on the case, and so
on. But if we restrict to a scenario where the two experts have similar
training and experience, have spent the same amount of time on the
case, and are more or less equal in other aspects relevant to the ex-
amination process, how can their differing conclusions be resolved?

Furthermore, the development of automated tools in the forensic
pattern evidence examination requires a formalization of the ex-
amination process (including the verification) in order to be able to
seamlessly integrate these technological developments. Indeed, in most
areas of forensic science, automated or semi-automated computer-
based tools have been developed to support experts during the ex-
amination of pattern evidence. In the near future, in fields essentially
based on human judgement, an increased development of computer-
based techniques is expected leading to a higher level of distributed
cognition between machine and human [12].

That increase is not only a consequence of improved machine
learning techniques but also a response to the call for more user-in-
dependent techniques in the forensic pattern comparison areas (e.g.
[29,30]).

According to Atanasiu [5] “computing is expected to play a central
role in shaping the expert opinion” (Atanasiu, pp.75-76). Recent
computing developments applied to forensic science indeed con-
centrated on the evaluation process. Presently, knowledge-based

Received 29 March 2018; Received in revised form 4 October 2018; Accepted 8 October 2018
1355-0306/ © 2018 The Chartered Society of Forensic Sciences. Published by Elsevier B.V. All rights reserved.


http://www.sciencedirect.com/science/journal/13550306
https://www.elsevier.com/locate/scijus
https://doi.org/10.1016/j.scijus.2018.10.003
https://doi.org/10.1016/j.scijus.2018.10.003
mailto:isabelle.montani@alumnil.unil.ch
https://doi.org/10.1016/j.scijus.2018.10.003
http://crossmark.crossref.org/dialog/?doi=10.1016/j.scijus.2018.10.003&domain=pdf

1. Montani et al.

Science & Justice 59 (2019) 1-8

<P

I
Support _ Pk : : ¢ Tk & O & o Support
fHy, : : ' : . ] i’
otHa : . : : weak ‘moderate: strong very strong kT
LR=1

*

¢ ©

Fig. 1. Differing conclusions reached by two experts (expert 1 and expert 2) in three cases. In Case 1 (diamonds), both experts point towards the same proposition but
with different strength. In case 2 (crosses), the first expert leans strongly towards H; as opposed to H,, whereas the second expert does not guide in any direction. In
Case 3 (stars), the first expert indicates that the observations would support H; as opposed to H,, the second expert does just the opposite.

systems already operate in the evaluation phase of forensic examina-
tion, especially in the field of glass and DNA evidence [10]. Interesting
developments have also been published in the area of fingerprints (e.g.
[13,26,27]), firearms (e.g. [31]) and handwriting evidence (e.g.
[11,16,22,25]).

While the expert of tomorrow will undoubtedly be assisted with
technological systems that will help appreciate the strength of forensic
findings, little effort has been made to enable forensic examiners to
combine model outputs with opinions resulting from a traditional ap-
proach in a coherent and rigorous manner. If such a model is developed
to be ubiquitously used, then the expert must possess a logical and
documented strategy to integrate the model's findings into his own
reasoning process. Indeed, without a clear structure clarifying how to
embed the two examinations, the addition of each taken individually is
worth less for the expert than the two put in combination with each
other. Thus, in the third part of this paper we will try to address how to
link both the traditional holistic examination expertise and a developed
quantitative model.

A framework will be proposed and may be used as a general
guideline to help handle conflicting scenarios between two experts or
between an expert and a model. This will also be useful for forensic
examiners to transparently structure and communicate their views.
Examples will be proposed and discussed in forensic fields where
human visual perception takes an important part in the ACE-V ap-
proach, i.e. for pattern evidence, with a focus on two disciplines:
handwriting and fingerprint evidence.

It is important to stress the difference between the use of computed-
based assessment techniques in a field such as DNA profiling compared
to pattern recognition areas such as handwriting or fingerprints. Models
developed to assign WoE to DNA findings are not used in conjunction
with an appraisal by the expert of that weight. As soon as the model
underpinning the calculation is accepted as validated for casework, the
value obtained from the model will be the value quoted in the DNA
statement. There is no competition between a holistic assessment of a
DNA expert and the model. In pattern comparison areas however, the
assignment of the WoE has been entirely left for years to the expert's
judgement without any computer-based support. Experts developed
specific recognition expertise based on a large set of features [32]. The
computer-based models developed in these areas are largely based on a
limited (but tractable) subset of features. It means that the computed
WOoE cannot stand alone as the only guidance towards the overall
weight but will have to work in concert with the holistic judgement of
the expert.

2. ACE-V Stepwise approach and its use in pattern evidence
evaluation

The forensic examination process of a pattern evidence is divided
into three steps, ACE, that are the analysis, the comparison and the
evaluation process, as presented by Huber and Headrick [19], based on

the early publications by Huber [17,18]. The concept of conducting a
sequential set of tasks distinguishing analysis from comparison goes
back to the early days of forensic science [20]. The verification (V) step
was subsequently added by Ashbaugh [2] for fingerprint examination
and adopted on most pattern comparison areas. The final stage is car-
ried out by a second expert.

This whole process (schematically presented in Fig. 2) is now
commonly referred to as ACE-V and has become a widespread approach
applicable in a general manner to all types of forensic pattern evidence.

The ACE-V is not a method per se, but a stepwise approach to guide
examiners throughout their examination process [7]. The expert thus
independently analyses the questioned and the reference material, and
afterwards compares the results of the findings of both entities. The
features that are retained at the end of the comparison stage for the
evaluation stage are considered as the forensic findings (FF). The for-
ensic findings are evaluated in light of the given propositions, and as-
signed a strength that will allow the expert to support one of the two
propositions with respect to the other.

The second expert often carries out only the final stage of the ex-
amination process, the verification phase, by critically looking at the
findings of his colleague and reading the proposed report, followed by a
thorough joint discussion of their conclusions (see Fig. 3).

This way of proceeding is time efficient and offers the benefits of a
peer-review (adoption of a four-eyes principle), but it suffers from an
obvious risk of confirmation bias (see Cole [8]). As the risk of con-
firmation bias needs to be mitigated, we would require both experts to
conduct two independent ACE processes (see Fig. 4). The whole ex-
amination procedure should then be carried out by both experts, thus
guaranteeing independence between the outcomes with a realistic and
meaningful confrontation of both experts' results. In this case, both
experts carry out the ACE procedure, either one after the other, or si-
multaneously, and their respective results are confronted in the V stage.

Fig. 2. The ACE-V pattern evidence examination procedure comprising the
analysis of the questioned and reference material, their comparison, the eva-
luation and verification stages.
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Fig. 3. Schematic representation of an ACE examination procedure. The first
expert carries out the ACE stages, and the second expert only carries out the V
stage (based on the findings and conclusions of the first expert).
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Fig. 4. Schematic representation of the ACE-V examination procedure. Both
experts carry out the ACE stages, and confront their results in the V stage.

The simultaneous two-expert ACE-V examination has the advantage of
minimizing the potential bias effects since the second expert will not
have the temptation of blindly adhering to the first experts' results.
However, if such a procedure is carried out, the evaluation and
verification stages must be transparently dissected in order to co-
herently propose a scheme for the joint conclusion, especially when
both experts would come to differing conclusions at first. An evaluation
process enabling two experts to arrive at a consensual final conclusion,
and taking into account the specifics of both the evaluation and ver-
ification stages, is therefore essential. The different analyses, con-
frontations and discussion steps that should take place between two (or
more) experts in their evaluation procedure should be deconstructed,
allowing for their logical arrangement in a transparent manner.

3. Process to reconcile differing conclusions between two experts

The proposed working procedure is established in the context of a
best-case scenario, where one expert has been mandated to work on a
case, and does so with the ACE-V approach. The second expert is
equivalent in terms of training and experience, uses the same material,
and both of the experts are expected to give a final consensual con-
clusion on the pattern evidence case.

For this general canvas, and in direct relation to each specific case,
the propositions are known and are identical for both experts working
the case. Both experts must carry out the evaluation according to the
same underpinning probabilistic principle, and must provide a con-
clusion on a common scale.

As stated beforehand, the propositions for each case are defined;
these propositions will be identical for both experts working the case.
Following the analysis and comparison stages, a set of forensic findings
(FF) is available. We propose a verification procedure where the for-
ensic findings (FF; and FF, in Fig. 5) may differ between experts; this is
an approach to verification where two experts carry out the whole ACE
process. However, the schematic representation in Fig. 5 is just as ap-
plicable if expert 2 only attributes strength to the forensic findings
defined by expert 1; in this case expert 2 starts the evaluation process
with FF;. The evaluation by experts 1 and 2 gives rise to the resulting
strengths of the evidence, SFF; and SFF,, conditioned by the proposi-
tions that are defined by the case. At this point, the two elements SFF;
and SFF, are confronted: does the strength both experts have attributed
to the forensic findings indicate a substantially identical outcome? A
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Fig. 5. Schematic representation of the integration of two different experts
working on a same case.

threshold (T) needs to be defined in order to evaluate differences be-
tween SFF; and SFF.,. If this difference is below the set threshold, the
final conclusion can be formulated directly given this strength of for-
ensic findings. It is important to note that this threshold is defined
beforehand, for example as a laboratory policy, and not adjusted on a
case-by-case basis. Also, and given that the two assessments are sub-
stantially identical, the responsibility of formulating the definitive
conclusion falls to the expert named as such in the case. Setting the
threshold T is a matter of policy and assessment as to the impact of a
variation of SFF on the decision maker. When likelihood ratios are
expressed in logl0 terms (as WoE), a value of + 1 represents, in our
opinion, an adequate option. It is customary, when likelihood ratios are
mapping into verbal equivalent to adopt a logarithmic scale [23]. A
difference on SFF that would impact the choice of verbal equivalents is
a good way to define T.

If the difference between SFF; and SFF, exceeds the threshold, in a
first step, the forensic findings FF; and FF, are compared to each other.
If these forensic findings are different, the two experts need to reach an
agreement on the common set of forensic findings, and return to the
evaluation stage, yielding a new assessment of the strength of the
findings using this new, agreed, set of forensic findings.

If the strength of forensic findings is substantially different while the
forensic findings are essentially the same, the difference in the assign-
ment of value to these findings needs to be tracked through the different
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Fig. 6. Illustration of how two experts facing different conclusions can adapt their conclusions.

elements allowing this assignment.” The evaluation of forensic findings
consists in the assessment of the probability of these findings under two
competing propositions. One is the probability of the forensic findings
given the first proposition (or numerator of the LR, N; and N, in Fig. 5)
[33]. The second is the probability of these same findings given a
second proposition (or denominator of the LR, D; and D, in Fig. 5). The
difference in the assessment of the overall strength of the evidence can
be due to a difference in either the numerator or the denominator of the
LR, or in both. The source of the difference in the numerator (N; = N5)
between both experts can reside in their assessment of the variation in
the reference material or in their assessment of the importance of a
perceived dissimilarity between the questioned and reference material.
A difference in the denominator, D; = D, on the other hand, can be due
to the respective assessments of the rarity of the forensic findings. Once
it is known whether the numerator, the denominator, or both are at
issue, the difference shall be meaningfully discussed, in the form of a
brainstorming activity, by researching and consulting literature, con-
ference proceedings, articles and books and/or by consulting databases
or expert forums or crowd-source expert opinions (for example specific
working groups). Each of the expert's evaluations (and therefore con-
clusions) can be moved along the scale of the support of the proposition
(commonly referred to as hypothesis H; or H,). The global aim of
finding a reasoned, consensual conclusion between both experts is to
have the experts slide along the scale (upwards or downwards such as
presented in Fig. 6) to a point where they are both content and satisfied
with the final conclusions.

At the end of this process, which is not meant to be a simple vali-
dation of the opinion of one expert by the other but a scientific pro-
cedure based on data and reasoning, the difference in the strength of
forensic findings assigned by the two experts is either smaller than the
threshold, leading to the conclusion of the process, or larger. At this
point, it may be an option to report both differing conclusions of the
two experts, accompanied with motivated arguments. However, in
agreement with Fig. 5, we strongly recommend the intervention of a
third expert, who may be an individual or a pool of experts, such as an
expert committee. This additional expert adds her opinion to the dis-
cussion on the relative probability of the forensic findings under both
propositions evaluated. Working from the evaluation phase, the third
expert does not have to redo the whole process from the beginning,
seeing as both experts 1 and 2 have already reached a consensus re-
garding the forensic findings (FF). The third expert must however be
involved in the assessment of the numerator and denominator of the LR.

The discussion with the third expert should allow the assignment of
the strength of the forensic findings with a difference smaller than the
threshold for the first two experts. However, should this not be the case,
no final consensual conclusion can be given. The experts may then state
their different opinions in the report, and motivate their diverging
conclusions. The final conclusion (or set of conclusions) is thus trans-
parent for the receiving audience. In this case, it is not appropriate for

1 Please note here the importance of case notes indicating the thought process
leading to the assessment of the strength of the forensic findings in a trans-
parent manner.

the named expert to overrule divergent opinions and report only his
own assignment of the strength of the evidence.

3.1. Applied example — signature

This example is taken from the 14th ENFHEX Collaborative
Exercise. Experts were requested to give opinions regarding six ques-
tioned signatures, on the basis of comparison with ten reference spe-
cimens. Experts were provided with scans of both the questioned and
the reference signatures.

Let us consider a disagreement between conclusions of two experts,
concerning a given questioned signature. According to the first expert,
the results strongly support (LR between 100 and 1000) the proposition
that the questioned signature is genuine rather than a forgery.” In the
view of the second expert, the results only moderately support (LR
between 10 and 100) the proposition that the questioned signature is
genuine compared to a forgery.

Scrutiny of the findings of both experts revealed that they formed
their opinion on the basis of the same forensic findings. Their dis-
agreement can be explained by a different evaluation of these forensic
findings. The second main part of the questioned signature presents an
obvious pen lift, which is never observed on the reference signatures
(see Fig. 7). In the opinion of the first expert, the complexity of the
signature is high and the combination of all similarities is not likely
under the proposition of a forgery, despite the presence of the pen lift.
From the point of view of the second expert, given the moderate
complexity of the signature, the presence of this pen lift, altogether
with the similarities observed, are quite probable if the questioned
signature is a forgery. Hence, the two experts disagree on the magni-
tude of the denominator of the likelihood ratio.

After discussion, once both experts realised the source of their di-
vergence, they decided that not too much weight must be given to the
pen lift (in respect with all similarities), and that the many direction
changes and crossing points confer a certain complexity to this sig-
nature. Both experts finally agreed on the conclusion that the results
strongly support the proposition that the questioned signature is gen-
uine as opposed to forged. The case file will reflect the whole process.
The initial conclusions reached by both experts should be available
alongside with the minutes of the discussion and arguments used to
jointly decide on the conclusion that will be reported in this case. The
legitimacy of the whole process is critically dependant on the extent
and thoroughness of this documentation.

The results of the collaborative exercise revealed that this ques-
tioned signature was indeed genuine.

3.2. Applied example — fingerprint
For this example, examiners 1 and 2 both examine the fingermark

and fingerprint below. The conclusions offered by the experts are, re-
spectively, that the elements observed very strongly support (SFF;

21n all case examples, we will refer to the verbal scale presented in Marquis
et al. [23].
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Questioned signature One of the reference signatures

Fig. 7. Signature case; a pen lift is visible in the second part of the questioned
signature (see arrow), which is absent from the reference material (only one
reference is shown here).

amounting to a LR between 1000 and 10°000) the proposition of a
common source versus different sources and that a proposition of
common source is excluded (SFF, amounting to a LR of 0). Cleary the
difference is larger than any reasonable threshold T.

While overall the features used by the experts (compared after the
difference in assignment of strength has been detected) are the same,
the difference lies in the assignment of the numerator probability.
While examiner 1 assigns a medium probability that the findings (si-
milarities, dissimilarities) would be observed if the mark and the print
come from the same source, the second examiner assigns an extremely
low value to this probability. For examiner 2 this is impossible,
amounting to a probability of 0. The features that are mainly re-
sponsible for this different assessment are shown in Fig. 8. After seeing
the disagreement illustrated, where features are absent from the fin-
gerprint that are present on the mark, examiner 2 has stopped his as-
sessment, judging that the assignment of a denominator wasn't relevant
anymore. A discussion of the assignment of the numerator has been
conducted between the two examiners. For examiner 1, the difference is
due to an artefact created by the inking process, leading to continuous
ridges above the center, while the mark is a better representation of
reality. For examiner 2, these differences are unexplained. In his opi-
nion, there is no indication on the inked print to show any problem;
therefore, the numerator is so low as to exclude a common origin.
During the discussion, the two examiners agreed on checking on an-
other impression of the same finger; on this new inked impression, the
arrangement of minutiae in the center is compatible with that observed
on the mark; therefore, the difference was indeed due to the inking
process. Examiner 2 goes back to the assignment of a denominator
value, and comes to the same strength assignment as examiner 1, that is
to say, very strong support for a same source between mark and print as
opposed to different sources.
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4. Process to reconcile differing conclusions between an expert
and a computer-based model

Resolving conflicting conclusions between an expert and a model is
an extension of the proposal made between two experts. In fact, we
could assimilate the computed-based model to a dedicated expert who
carried out its own evaluation. It is assumed here that the propositions
against which the forensic findings are evaluated are the same for both
the human examiner and the model. A further premise to the approach
proposed here is that the features considered by the model are of the
same type as those used by the expert; that is to say, the model is not a
black box, but rather, the features used are human-readable, and of the
same nature as those used by the examiner. It means that there should
be a possibility to assess if the features used by the human expert differ
or not from the features used by the computer-based model.

The whole process is presented in Fig. 9. The forensic findings, to-
gether in regard to the propositions from the case, lead both the expert
and the model to an evaluation of the strength of the forensic findings
given these propositions. We call them SFF; and SFFy; for the expert and
the model, respectively. The next step (whether the evaluations corre-
spond substantially or not) is to assess whether the examiner considered
all the features integrated into the model. If not, she goes back to the
features and carries out a new evaluation, leading to an updated
strength of the forensic findings.

We acknowledge the fact that, in pattern comparison areas, the
features available to the examiner exceed, at this time, those used by
the models. Therefore, an evaluation of whether, given only the fea-
tures used by the model, SFF; and SFFy; correspond (that is, their dif-
ference is below a previously set threshold T as previously suggested) is
carried out. If this is not the case, the examiner shall adopt the models'
result. Saying that, all features considered equal, the output of the
model shall be preferred to the holistic judgement of the human expert
is a strong claim that requires some explanations. It goes at the hearth
of computer-based models and their validation in forensic practice.

There are two critical conditions that need to be met to develop a
meaningful resolution process. The first relates to the recognition given
to the computer based model to provide meaningful guidance. In our
discussion regarding the case where two human-experts would confront
their results, we specified that both experts would be considered
equivalent in terms of training and experience, hence in their ability to
derive conclusions that would be trusted equally in the resolution
process. The same should apply with a computer-based model. The
model should have been signed-off to be use in casework through a
proper validation process. By validation we mean that the model should
have been assessed empirically against ground truth data and appro-
priately calibrated. Typically, it would be expected for it to meet the
requirements set in the guideline proposed by Meuwly et al. [24]. Part

oy
e A e P

New reference fingerprint

Fig. 8. Fingerprint case; characteristics leading to different assignments in the numerator are indicated with arrows. On the far right, a new reference fingerprint

showing the same characteristics as the mark, resolving any ambiguities.
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Fig. 9. Schematic representation of the integration of the results of a human expert and a model. It is often the case that the expert examines more features than the
model. However, if the expert and model features are exactly the same, the expert should simply refer to the SFF provided by the model. Such a scenario is not

represented.

of the validation will also aim at defining the boundaries of usage, re-
cognizing that a given model may not apply to all cases. It means that
prior using a model in a case, and reaching the verification stage dis-
cussed here, there is a prior decision that agreed to use the model in this
case. Once that decision is made, the output of the model cannot be
dismissed on the ground, for example, that the model was not adapted
for this case. The second requires a common assessment scale. Indeed,
both experts must carry out their evaluation according to the same
underpinning probabilistic principle, and must provide a conclusion on
a common scale. Throughout this paper we gave precedence to a like-
lihood ratio based approach.

If both of the above-conditions are met and that for a given set of
features (FFyy), both assessments SFF; and SFFy, are divergent, which
assessment should be given greater consideration? Our position is that
it should be the model. The final assignment might be adjusted, as we
shall see, in a later stage based on the observations of additional

features, but for the shared set of features considered (FFy;), the model
output shall prevail. SFF; has been informed by a holistic assessment
based on training and experience, for example accounting for the rarity
in the relevant population of a given set of features. The model offers a
systematic measure based on documented and user-independent corpus
that has been validated for casework. The model output has better
scientific credential and it should calibrate the human judgement.
Systematic data when available, acquired under controlled conditions,
shall always take precedence over experiential based judgements.

In a further resolution step though, the examiner may adapt the
models' results if she uses additional characteristics, which are not
considered by the model. This, of course, requires from the expert
knowledge of within- and between- source variability of the additional
features considered by the examiner. To restate the points made pre-
viously, that flexibility offered to the expert is not a licence to move up
or down the SFF without any accountability. If the examiner chooses to
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adapt the strength based on additional features, they should be docu-
mented and the reasoning and underpinning data provided in a trans-
parent way. She may invoke systematic data (not captured by the
model), specific documented knowledge or personal experience. In any
case, the basis of the adjustment of the strength to be attached to the
findings should be clearly stated. Referring back to the ACE-V process,
that latter stage would require an independent verification by another
examiner.

If there are no additional features, or if the additional features used
by the examiner do not warrant a difference in the strength to be as-
signed to the findings, it will remain as computed by the model.

4.1. Applied example — fingerprint

A mark of questioned origin shows 7 minutiae in correspondence
with a given print. These 7 minutiae are not particularly rare (ridge
endings flowing out from the delta). This, for the fingerprint examiner,
leads her to conclude to a moderate support of a common source for
mark and print (as opposed to different sources). The model outputs a
likelihood ratio of 4000. This falls within compatible orders of magni-
tude. Examiner and model have considered the same features.
However, in addition to these 7 minutiae, the examiner noted (already
in the analysis stage) a scar that is visible on the mark and can be found
on the print. At this stage of the computer-based model development,
this scar is not integrated. The model is considering only the strength
associated with the minutiae. The consideration of the scar increases
the strength of the forensic findings, given that its shape, beginning and
ending, the exact path followed across the ridges are clearly visible on
both impressions. Therefore, the examiner assesses the overall like-
lihood ratio as higher than the output from the model, leading to strong
support for a common source rather than different sources. The factor
of 10 given by the examiner to the scar correspondence is based on
training and experience as, to her knowledge, the variability between
scars on different fingers has not been systematically studied. That final
assessment has been signed-off by a second examiner following an in-
dependent examination (and, if needed, the first resolution process
previously detailed).

4.2. Applied example — signature

In the signature case presented in the previous section of this paper,
let's assume a model-based approach was used in the place of the
second expert. Examiner 1 concluded to ‘strong support’ for a genuine
signature, while the model output a likelihood ratio of 20’000 (‘very
strong support’). The expert, upon comparing his own observed features
to those used by the model, observes that his features cover all of the
features used by the latter. These features are the proportions between
the letters and the angles of the line strokes. According to his notes, the
expert does not arrive at the same strength as the model based on FFy;.
Further analysis of this disagreement shows that his numerator (prob-
ability of the observed features if the signature is genuine) is similar to
that output by the model. The difference in the LR is due to his as-
sessment of the denominator, expressing his belief in the complexity of
the signature, the difficulty to imitate it, which is a larger probability
than that output by the model. Given that the model output is based on
a large database allowing an assessment of this denominator is based on
solid structured data, the expert will adjust his own assessment of the
denominator accordingly.

The expert retains the LR value from the model for the features it
uses (FFy) but additionally considers features not integrated into the
model (overall shape, pressure, formation). In this case, the overall
conclusion remains ‘very strong support’, since the expert did not feel
that the additional contribution of these features will significantly im-
pact the strength of the forensic findings.
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5. Discussion and conclusion

Through decomposition of the examination process of forensic sci-
entists in order to facilitate the identification of any disagreement
source, the authors have contributed to clarify what the V of the ACE-V
process stands for. It was shown that the verification step does not
simply represent a confirmation that validates the view of an expert. As
stated by Ashbaugh [3], verification is rather “a form of peer review”,
which involves the critical inspection of the processes and reasonings of
the experts [20]. In this paper, we presented a verification stage of the
forensic examination process as being operated through intervention of
a second examiner or a model.

The resolution protocols offer general guidelines for harmonizing
the work between experts or between an expert and a model. The
proposed resolution process is no different from what forensic labora-
tories have put in place. However, we have often witnessed that the
conclusion bearing the less weight in favour of the prosecution's view is
retained as the reported conclusion on the grounds of being con-
servative and erring on the safe side. Our view is that the consensus
shall be based on sound scientific arguments and not on policy. It means
that if no consensus is obtained, even after consultation with a third
expert, the case will be reported with an indication of all opinions. It
may be seem odd to report differing conclusions in the same case, but
that level of transparency is required by the complexity of the case at
hand.

The protocols presented in this paper are to be understood as a
framework for integrating results of different sources (whether the
conclusions come from experts or from an expert and a model). The
transparency required by the process allows for a juxtaposition of both
model and expert conclusions. With such a transparent system, any
decision of a different conclusion than the one given by the model or a
first expert must, and more importantly can, be justified by the expert.

Both protocols developed help the expert better understand the
parameters that have an impact on his conclusions and on the conclu-
sions of his colleagues. The developed protocols thus offer coherent
frameworks for forensic scientists to properly handle the complexity of
differing opinions, and substantially help structure and communicate
their views in the most transparent manner possible.

Dealing with the situation involving an expert and a model, ex-
tensive knowledge of the workings of the model, as well as its limita-
tions, are required for proper integration of its results into the forensic
process. Furthermore, it must be emphasized that once the procedure of
implementing the quantitative model into the traditional examination
process is finalized, picking and choosing, for example, cannot be an
option. The expert cannot take into account the results of the model
only when they provide him with a supplementary weight in his con-
clusions, comforting him in his earlier decision. Likewise, the expert
cannot decide to discard the results of the model that do not please him,
or that go against the results obtained with the holistic examination.
Therefore, the possible conflicting scenarios must be identified.

Our vision for the future is that the gap between the features con-
sidered by the models and the features considered by the human expert
will gradually reduce. This will be due to the development in machine
learning and forensic modelling efforts. We can foresee the time where
the output of the model will take precedence over the human informed
opinion in the assignment of the strength to be attached to the forensic
findings. But it is still a stepwise approach and, in the meantime, for-
ensic examinations in pattern comparison fields, will remain a coha-
bitation between human and machine. Hence the need to specify the
rules of engagements and procedures to deal with conflict resolution.

Further research should also focus on resolution of differing opi-
nions between an expert and a model based on features that are not
human-readable. Typically, in the area of face recognition, facial
comparison systems are extracting from images features that are gen-
erally not meaningful to a human observer. In these cases, the whole
concept of comparisons the retained forensic findings (FF) that we have
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suggested here, will become moot. Finally, in this paper we have dealt
with the joint work of a human expert with one computer-based model.
In the future, a range of models may be available and of equal scientific
merit. It will lead to potential differing results that will need to be re-
solved as well.
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