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Abstract

This paper critically examines the conceptual and practical challenges raised by forensic conclusions that
assert categorical certainty about propositions of interest. Such conclusions rest on the examiner’s
judgment that it is ‘impossible’ for the observations in question to arise under any alternative propos-
ition — a stance now formalised in ISO 21043-4 (Forensic Sciences — Part 4: Interpretation). Our paper
provides a concise overview of the necessity and role of expert witness testimony in contemporary legal
systems. It outlines the legal framework governing scientific evidence and draws attention to key ele-
ments of ISO 21043-4. Thereupon we examine the reasoning patterns underpinning ISO 21043-4,
with particular attention to the vast hypotheses-space involved in relating results to a specific propos-
ition. It introduces a key distinction between the Set of Relevant Alternatives — propositions that must
be explicitly ruled out — and the Set of Silently Obviated Alternatives, which are dismissed without for-
mal consideration. The paper then analyses the ‘Trojan Horse’ effect of invoking ‘impossibility’ in foren-
sic reporting, showing that categorical conclusions rest not solely on methodological validity but on
normative choices that exceed empirical warrant. These issues are situated within epistemology to high-
light both the limits of justified forensic claims and the asymmetry they impose on defendants.
Thereupon we highlight the gap between the generality of scientific conclusions and the singularity
of legal decisions regarding unique historical events. It argues that the ISO’s ‘impossibility’ clause
fosters scientific imperialism, allowing experts to arbitrarily reshape both epistemic and normative lim-
its. Drawing on jurisprudential concepts, our analysis shows how this practice cedes decision-making
prerogatives from legally empowered fact-finders to scientists, undermining the justice system’s
legitimacy.
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‘By what authority are you doing these things?’
they asked. ‘And who gave you this authority?’
Matthew 21: 23

Introduction

In forensic science, the phrase ‘to the exclusion of all others’ has long served as shorthand for a conclu-
sion so certain that it brooks no rival proposition. It promises epistemic closure and finality: that the trace
has a source, and that the source is the defendant or, more generally, some person of interest (hereafter:
POI). This language, once and still routine, is under longstanding critique from scientific bodies,' com-
mentators” and courts alike.> Scientifically, it is therefore obsolete; in practice, it endures.* The backlash
is often framed as a rejection of inferentially unwarranted certainty and a call for probabilistic reasoning.
And yet, curiously, a revitalised form of ‘certainty’ has crept back in — less excentric, perhaps, but no less
insidious. It is embedded in a recent international benchmark, notably the ISO 21043-4:2025 (hereafter:
ISO 21043-4),> which allows practitioners to issue categorical opinions under the condition that, in their
Judgment, ‘it would be impossible to obtain the observation if any alternative proposition were true’. This
invocation of impossibility as a justification for classifications or source attribution determinations (here-
after: SADs) introduces a profound theoretical problem — one that only rarely receives sustained doctrinal
or epistemological scrutiny.

Our paper confronts this problem head-on. Following a brief overview of the law in England and
Wales governing expert evidence and the ISO 21043-4 in section ‘Expert witness testimony’, we
contend in section ‘To the exclusion of all others?’ that the ISO 21043-4’s ‘impossibility’ clause
operates as a Trojan horse: it offers a route back into forensic reporting for the very kind of definitive
statements that probabilistic accounts were designed to displace, but under the guise of judgment-
based exception — on terms that evade empirical scrutiny and exceed the legitimate epistemic con-
straints of expert testimony. To illuminate the structure of this problem, the paper develops a formal
model that distinguishes between two logically separate sets: the Set of Relevant Alternatives (SRA)
which includes hypotheses that are actively considered and ruled out; and the Set of Silently
Obviated Alternatives (SSOA), which encompasses the remainder of the logical space — the billions
of possible donors or propositions that are not actively tested or ruled out, but are instead bypassed by
a claim of ‘impossibility’.

Section ‘Decisional matters’ explains that ‘impossibility’ is not just a linguistic sleight of hand. It
reflects a deeper category error — one that conflates (a) metaphysical uniqueness with evidentiary discern-
ibility, and (b) the empirical limitations of forensic inference with normative permission to decide.
‘Certainty’ in law is not merely an epistemic status, but a procedural act, performed by those empowered
to decide. The trier of fact — not the forensic scientist — is the locus of that authority. When a forensic
practitioner crosses from statements of scientific knowledge, which are general and probabilistic in
nature, to definitive attribution — particularly under the cover of impossibility — they perform a quasi-
judicial function albeit without legal mandate.

! See for example, National Academy of Sciences (USA), Strengthening Forensic Science in the United States: A Path Forward.
Committee on Identifying the Needs of the Forensic Sciences Community, National Research Council, August 2009; Executive
Office of the President - President’s Council of Advisors on Science and Technology, Forensic Science in Criminal Courts:
Ensuring Scientific Validity of Feature-Comparison Methods, September 2016 (hereafter: PCAST Report).

2 See e.g. D.A. Stoney, What Made us Ever Think we Could Individualize Using Statistics? In: 31 J. Foren. Sci. Soc. (1991),
pp- 197-199; M.J. Saks and J.J. Koehler, The Individualization Fallacy in Forensic Science Evidence. In: 61 Vand.L.Rev.
(2008) pp. 199-219.

* See Wal-Mart Stores, Inc. v. Dukes et al., 564 U.S. 338 (2011), Opinion (Scalia), p. 14: [Statistical evidence] is worlds away from
“significant proof”’; R v Jones (William Francis) [2020] EWCA Crim 1021 (03 Aug 2020).

#S.A. Cole, Individualization is Dead, Long Live Individualization. In: 13 Law, Probability & Risk (2014), pp. 117-150.

% ISO 21043-4:2024(en). Online version: https:/www.ISO/DIS.org/standard/72039.html?utm_source.
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In sum, this paper argues, in section ‘Conclusions’, that the ISO’s inclusion of categorical conclusions
based on examiners’ judgments of ‘impossibility’ is prone to replicate the very errors that probabilistic meth-
ods were intended to correct. It transforms subjective judgment into epistemic finality and threatens to erase
the distinction between expert evaluation and legal decision. By tracing the conceptual, formal and jurispru-
dential implications of this shift, the paper contributes to a growing body of critical forensic scholarship that
seeks to restore rational accountability to the use of expert witness testimony in criminal trials.

Expert witness testimony

The ‘good old way’

Rapid technological advancement and the growing compartmentalisation of knowledge serve as a
reminder that legal systems are — and must be — complex, continuously adapting to their respective social
environment.® But how can legal orders manage complexity, and ensure the very possibility of accurate
fact-finding? A process in which professional judges, magistrates or jurors (hereafter referred to as ‘fact-
finders’”) as decision-makers fail to grasp the nature (statistical or otherwise) or empirical content (e.g.
what is an allele?) of the pertinent evidence would be arbitrary, undermining both the integrity of the legal
system and, ultimately, public confidence. The very existence and effective functioning of the criminal
justice system depend on the ability of fact-finders to make accurate decisions by identifying specific acts,
events and circumstances as instances of abstract legal concepts.® It is accurate fact-finding that allows the
criminal justice system to treat like cases alike and different cases differently, which is a fundamental
principle of justice.’”

The solution to the problem identified above appears to be universal. Legal systems around the world
have developed a solution known as expert witness testimony (hereafter: EWT), allowing factual deter-
minations to be made with the assistance of specialised witnesses (hereafter: domain experts) called in to
provide information, disinterested and dispassionate analysis. Despite a fagade of modernity, expert wit-
nesses have been present in criminal trials since at least the mid-16th century. In 1554, Saunders
J. famously stated:

If matters arise in our law which concern other sciences or faculties, we commonly apply for the aid of that science
or faculty, which is an honourable and commendable thing in our law. For thereby it appears we do not despise all
other sciences but our own; rather, we approve of them and encourage them as things worthy of commendation. '

In other words, whenever (a) issues arise — as they almost certainly will — which (b) fall outside the fact-
finders’ scope of knowledge, the court should neither make a shot-in-the-dark decision nor refrain from
resolving a factual dispute. Instead, it shall call upon someone with the relevant expertise to assist in ren-
dering an informed decision. This has been traditionally regarded — both in the Anglosphere and on the
Continent — as the ‘good old way’, according to which experts act merely as ‘helpers of the court’.!' The

® For a concise introduction see Krakauer et al. (eds.), Worlds Hidden in Plain Sight, 2019; K.N. Kotsoglou, Capturing Debate
Dynamics. Complexity Theory and Emergent Learning in Legal Education. In: 2 International Journal of Complexity in
Education (2021), pp. 27-50.

7 By that we do not imply that fact-finding is a simple, straightforward process. On the contrary, it necessitates a decision under
uncertainty.

8 See H. L. A. Hart, The Concept of Law, 1961, p. 121.

? Relatedly, the House of Lords recently stated in its report ‘Forensic Science Services and the Criminal Justice System’, para 124,
that ‘[t]here is a need for consistent interpretation by judges and lawyers of what the evidence means in a specific case to ensure the
fair and consistent application of the law’. Online available: https:/shorturl.at/tEwlJy.

1% Buckley v Rice Thomas (1554) - 1 Plowden 118, 124; 75 ER 182 — emphasis added.

' J.B. Thayer, Select Cases on Evidence at the Common Law (Cambridge 1892) 665; see also the following Federal Court’s judg-
ments in Germany: BGHSt 3, 27(28); 7, 238 (239); 9, 292 (293); BGHSt 8, 113.
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term help / assist carries the conceptual weight here. For example, in England and Wales,'? an expert can
express an opinion only within the proper scope of his or her experience and/or expertise.'* As Lawton LJ
explained in Turner, ‘[a]n expert’s opinion is admissible to furnish the court with scientific information
which is likely to be outside the experience and knowledge of a judge or jury. If on the proven facts a
judge or jury can form their own conclusions without Zelp, then the opinion of an expert is unnecessary’,
and thus inadmissible.'* The ruling laid down in Turner is as much about procedural architecture as it is
about common-sense epistemic practice underpinned by informational interdependence. For we all rou-
tinely depend on other people’s special skills and knowledge. For example, whenever we need reliable
information about the weather, we look up the forecast; whenever we think about changing jobs, we ask
people who have worked in the envisaged company (and do not suffer from the ‘green grass syndrome’).
We are thus tracking information."®

Following decades of a laissez-passer approach, the law in England and Wales now employs methodo-
logical standards to determine what counts as scientific and thus admissible evidence. The test for scientific
evidence is the requirement of a sufficiently reliable scientific basis'® — which is the E+ W-version of the
Daubert framework regarding scientific validity.!” But legal tests or even common sense can only get us so far.

The crucial question thus is: How can fact-finders make accurate factual determinations when, as
Damaska put it, the ‘creeping scientisation’'® of factual inquiries raises fundamental questions about
comprehension — such as the practical meaning of a random match probability? How can the ‘good
old way’ survive in the modern technological world? In other words, the challenge is to enable smooth,
that is, methodologically (scientifically) valid and procedurally lawful communication between scientists
and fact-finders.

Probabilism and the I1ISO 21043-4

A new development has recently emerged in the ongoing, multilayered debate over the role of forensic
scientists in the criminal justice system: the forensic science standard ISO 21043-4 on ‘Interpretation’
which is the product of approximately eight years of international deliberation.'® ISO 21043-4 aims to
establish discipline-wide requirements and recommendations for forensic interpretation — whether based
on human judgment or statistical models — to ensure that opinions provided in investigations and legal
proceedings are clearly documented, based on methods that are backed by suitable validation studies,
relevant to the question posed and designed to reduce the potential of cognitive bias. Para. 1 of ISO
21043-4 (‘Scope’) states that

12 England and Wales form a unified jurisdiction in criminal law. The focus of this paper will be mainly on English and Welsh law.
3 R v Turner (Andrew Neil) [2020] EWCA Crim 1241, at [36].

" R v Turner [1975] 1 All ER 70 — emphasis added. Furthermore, in a Scottish case (Davie v Magistrates of Edinburgh 1953 S.C.
34), which has been cited with approval by English courts, Lord President Cooper said: ‘[The experts’] duty is to furnish the judge
with the necessary scientific criteria for testing the accuracy of their conclusions, so as to enable the judge or jury to form their own
independent judgment by the application of these criteria to the facts proved in evidence’ - emphasis added.

15 For the concept of tracking information in epistemology, see S. Roush, Tracking Truth: Knowledge, Evidence, and Science, 2007.
16 In England and Wales, the common law continues to govern the admissibility of expert evidence in criminal proceedings. The
court must be satisfied that there is sufficiently reliable scientific basis for the evidence to be admitted, R v. Dlugosz 2013. EWCA
Crim 2 [11].

'7 Daubert v. Merrell Dow Pharmaceuticals, Inc., 509 U.S. 579 (1993).

"8 M. R. Damaska, Evidence Law Adrift, 2013, p. 151; similarly in the German-speaking world, T. Fischer, Aussagewahrheit und
Glaubhaftigkeitsbeurteilung, in: Schon et al. (eds.), Festschrifi fiir Giinther Widmaier zum 70. Geburtstag, 2008, p. 191-222 (201).
19 See C. E.H. Berger, Finally a Really Forensic Worldwide Standard: ISO 21043 Forensic Sciences, Part 4, Interpretation. In: 10
Forensic Science International: Synergy (2025), p. 2. Online available: https:/www.sciencedirect.com/science/article/pii/
S2589871X2500018X?via%3Dihub.

20 See paras 7.2. and 7.3. ISO 21043-4.


https://www.sciencedirect.com/science/article/pii/S2589871X2500018X?via=ihub
https://www.sciencedirect.com/science/article/pii/S2589871X2500018X?via=ihub
https://www.sciencedirect.com/science/article/pii/S2589871X2500018X?via=ihub
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this document specifies requirements and provides recommendations for the interpretation of observations in
order to reach opinions that answer questions that are relevant for decision making in investigations or legal
proceedings.

This is a crucial element insofar as the document clarifies that forensic practitioners can only offer opi-
nions, that is (ex contrario) not make decisions. We shall come back to this point later (in section
‘Decisional matters’). Furthermore, it is noted that the document ‘states requirements that are applicable
to all forensic disciplines’. It is thus an all-encompassing instrument with implications across the forensic
ecosystem.

In a key provision of ISO 21043-4 (Section 6.2), it is stated that:

(...) the examiner shall assess the ratio of the probabilities of the observations if the first proposition were true
versus if the second proposition were true. If more propositions are considered, the examiner shall assess the prob-
ability of the observations under each pair of propositions and assign their ratios.

In technical terms, such probability ratios are known as likelihood ratios, a concept recommended for
reporting, inter alia, in the ENFSI Guideline for Evaluative Reporting in Forensic Science.?' The ISO
21043-4 thus makes clear that it operates, at least in part, under the banner of probabilism.**

To the exclusion of all others?

Para. 6.3 of ISO 21043-4 and the function of categorical opinions

Para. 6.2 (‘Likelihood ratios’) of ISO 21043-4 — along with its underlying commitment to a scientific and
thus probabilistic approach to evidence interpretation — should be read in conjunction with para. 6.3
(‘Categorical opinions’), which states:

[clategorical opinions shall only be formed when, in the examiner’s judgment, it would be impossible to obtain
the observations if any alternative proposition were true.

Under certain conditions, para. 6.3 of ISO 21043-4 thus permits the forensic practitioner to draw categor-
ical conclusions. These are well known in forensic science, for example when individualising a forensic
trace by associating it with a particular candidate source.”> One might question how a standard can be
internally coherent if it contains provisions that are conceptually incompatible.** Specifically, one might
ask how a categorical opinion can be compatible with the logic of the probabilistic evaluative frame-
work, which expressly requires experts to focus on their observations and refrain from offering direct opi-
nions on competing propositions. Alternatively, one might ask whether the above clause merely pays lip
service to the rationalist commitment that otherwise seems to underpin the standard.

2V ENFSI Guideline for Evaluative Reporting in Forensic Science. Online available: http:/enfsi.eu/wp-content/uploads/2016/09/
ml_guideline.pdf.

221SO 21043-4 also allows examiners to produce opinions that are not primarily probabilistic, such as ‘Estimations’ (para. 6.5).
Another type of opinion is ‘Explanations’ (para. 6.4) which are not probabilistic in themselves but may be ranked by their assigned
probability.

23 Note that while the informative Annex C.4 of ISO 210434 is careful to illustrate the categorical conclusion category using the
example of a source exclusion, not one of source attribution, the latter remains a latent option.

24 1SO 21043-4 vaguely states that ‘[v]arious types of opinion can be appropriate, depending on the questions asked, the purpose of
the opinion, and the information available’ (para 6.1), thus abstaining from taking a stance on the scientific nature of the various
types of opinion.


http://enfsi.eu/wp-content/uploads/2016/09/m1_guideline.pdf
http://enfsi.eu/wp-content/uploads/2016/09/m1_guideline.pdf
http://enfsi.eu/wp-content/uploads/2016/09/m1_guideline.pdf

124 The Journal of Criminal Law 90(2-3)

A possible response to this could be to argue that the requirement defined in para. 6.3 of ISO
21043-4 is, in fact, a probabilistic criterion: that is, the requirement of judging that the denominator
of the likelihood ratio is zero, and hence that the observations provide infinite support for the first
over the alternative proposition. Insofar, the categorical conclusion would merely be a logical implica-
tion of an extreme probability assignment made under para. 6.2. So, while para. 6.3 of ISO 21043-4
defines the logically correct requirement for a categorical opinion, the overall message of ISO
21043-4 is confusing because it mixes up inferential targets (i.e. probability of observations given pro-
positions and categorical statements about propositions) and suggests that it is suitable for forensic
examiners to do so.

To examine these issues in further detail, let us consider a routinely encountered case example:
Suppose an incident involving the discharge of a firearm. A bullet found on a crime scene is examined
by a firearms expert. The microscopic markings present on the surface of the recovered bullet are com-
pared with those present on bullets fired under controlled conditions by a seized firearm, belonging to a
POL. The expert concludes that the striations on the bullet from the crime scene bullet correspond to those
observed on the test-fired bullets.

If the examiner intends to perform an interpretation,> they will follow para. 6.2 of ISO 21043-4 and
undertake an evaluative process grounded in a scientific, probabilistic framework. The output of that pro-
cess is a likelihood ratio, that is, a statement reflecting the strength, assigned by the examiner, of the
observations with respect to competing propositions.

However, para. 6.3 of ISO 21043-4 also permits the practitioner to go much further: whenever the exam-
iner judges that it is impossible to observe the markings if any alternative proposition were true (i.e. the
bullet had been fired from any other firearm), a categorical conclusion may be formed. In such cases,
the expert’s conclusion amounts to attributing the bullet to a specific weapon — to the exclusion of every
other firearm in the world. This illustrates the threshold under which categorical conclusions are permitted
within the ISO’s interpretive architecture. Para. 6.3 of ISO 21043-4 thus raises several concerns.

First, what methodological framework underpins the practitioner’s judgment of ‘impossibility’?
Second, how does such a categorical conclusion sit with the procedural and normative architecture of
the criminal process?

There are also pressing practical questions: who will be sufficiently qualified, or feel confident, to chal-
lenge a conclusion framed in terms of ‘impossibility’? And how many fact-finders will quietly welcome
such statements as a way of reducing their own workload and evidentiary burden?

Opinion and fact

We used the term ‘categorical conclusion’ above, but it is crucial to note that ISO 21043-4 consistently
frames such determinations as opinions, not facts. Para. 8.4.1 of ISO 21043-4 makes this explicit:
‘Categorical opinions shall not be expressed as if they were statements of fact’.*° This choice of language
signals an intention to preserve the distinction between expert opinion and factual determination, even in
cases where para. 6.3 permits categorical formulations.

The conventional approach to expert evidence is structured as an exception to the opinion rule.”” The
law is generally cautious about permitting ordinary witnesses to draw inferences from, or express

251SO 21043-1 defines evaluative interpretation as ‘interpretation [...] guided by a set of relevant propositions [...] and aimed at
generating likelihood ratios [...]’, to ‘be used in a judicial setting or in an investigation’ (para 3.17).

26 Emphasis added.

27 For more discussion see P. Roberts, Paradigms of Forensic Science and Legal Process: a Critical Diagnosis. In: Phil.
Trans. R. Soc. B 370: 20140256 (2015), p. 4-5.
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opinions on, facts they have not personally observed.*® This reflects the basic distinction in law between
facts and opinions: while witnesses are expected to testify only to what they have directly perceived, they
are not generally permitted to offer inferences or opinions — precisely because the law treats such evalu-
ative judgments as the domain of the fact-finder.

This distinction is, we submit, an unhelpful and potentially misleading representation, as it presup-
poses a clear — or more precisely, a categorical — separation between facts and opinions. In reality, there
exists a continuum between subjective opinions and those that are sufficiently justified or methodologic-
ally validated to attain the status of what the legal system treats as facts. There is, in other words, no ana-
lytic criterion by which to arbitrate the institutionally constructed boundary between fact and opinion.
Even courts in England and Wales recognise that the fact—opinion divide is ultimately untenable.
Ordinary witnesses are unlikely to confine themselves to a purely observational or pseudo-factual
vocabulary and are, in practice, permitted to offer testimony that encroaches upon the opinion end of
the fact-opinion continuum.?” As J.W. Thayer had observed, ‘[i]n a sense all testimony to matter of
fact is opinion evidence, i.e., it is a conclusion formed from phenomena and mental impressions’.>
As a result, a witness may state opinions to the extent that this is only a ‘compendious means of giving
factual evidence’.”!

The correct distinction, we submit, is not between opinions and facts — such categorical separations
have long been shown by analytic philosophy to be problematic, if not entirely unviable®> — but between
those who are procedurally empowered to offer opinions and those who are not. In other words, the dis-
tinction is between procedurally valid opinions on the one hand and procedurally invalid opinions on the
other. It is a function of the procedural architecture that empowers certain categories of individuals to
deliver opinions, including, most notably, those vested with decision-making authority. The more pertin-
ent distinction is thus not simply between facts and opinions, but between claims regarding the constitu-
tive elements of an offence or defence on the one hand, and facts that are procedurally validated on the
other. What matters here are legal facts — not facts in general — since criminal adjudication is fundamen-
tally a normatively structured decision-making process under uncertainty. Moreover, it remains unclear
how a forensic practitioner’s opinion can be both categorical — implying a ‘no alternative’ certainty — and
yet simultaneously ‘shall not be expressed as if [it] were a statement of fact” as ISO 21043-4 requires.
This demand for categorical opinions, paired with the prohibition on presenting them as factual asser-
tions, creates an inherent contradiction.

In short, claiming that an observation rules out all alternative propositions (‘impossibility’) while sim-
ultaneously denying that this claim constitutes a factual statement attempts to have it both ways — assert-
ing the weight of fact without accepting the responsibilities that such an assertion demands.

‘Guess who?

Let us now illuminate the activity of forensic examiners when they draw categorical conclusions and
thereby rule out all alternative propositions (e.g. potential sources of the recovered forensic trace mater-
ial) as ‘impossible’, based on the observations made during examination. Recall that such a conclusion
rests on the judgment that it would be impossible to observe the forensic trace under any other version of

28 See R. J. Allen and J. S. Miller, The Common Law Theory of Experts: Deference or Education? In: 87 Northwestern Law Review
(1993), pp. 1131-1147 (1132).

29 See P. Roberts, Criminal Evidence, 3/e, 2022, p. 526, for more analysis.

30J. B. Thayer, 4 Preliminary Treatise on Evidence at the Common Law, 1898, p. 524; see also Rule 701 US FRE (Opinion
Testimony by Lay Witnesses). ‘If a witness is not testifying as an expert, testimony in the form of an opinion is limited to one
that is: (a) rationally based on the witness’s perception; (b) helpful to clearly understanding the witness’s testimony or to determin-
ing a fact in issue; and (c¢) not based on scientific, technical, or other specialized knowledge within the scope of Rule 702.

31 Westbrook Resources Ltd v Globe Metallurgical Inc. [2005] EWCA Civ 310, at [24].

32 See only W. Sellars, Empiricism and the philosophy of the Mind, 1963.
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the event of interest (proposition). This forensic version of ‘Guess Who? > mirrors a process of elimina-

tive reasoning, whereby — given a set of hypotheses, H: through H,, —a particular hypothesis H; is taken as
validated, only if the available evidence is judged to rule out all competing alternatives.** We thus see that
the initial, seemingly one-dimensional categorical conclusion is based on multifaceted, heterogeneous
input:*>° the observation that, for example, the DNA profile of the POI corresponds to the profile of
the biological trace found at the crime scene, as well as the assertion that the trace’s profile does not cor-
respond to anyone else. Note that the former is an empirically demonstrable assertion, while the latter is
not. Indeed, it is an empirically unwarranted claim. Typically, examiners would present or accompany
their claims using phrases such as ‘this pattern (profile, etc.) is so distinctive, and hence rare, that we
would not expect to see it in items from any other source’ or ‘this pattern (profile, etc.) is so distinctive,
and hence rare, that for practical purposes it can be considered to be impossible to observe it if it came
from another source’. In combination, this multi-faceted input to the interpretation process is captured in
the notorious six-word expression ‘to the exclusion of all others’.

For example, a forensic firearms examiner may individualise a bullet (i.e. attributing it to a specific
weapon) — to the exclusion of every other firearm in the world.>® Note, however, that in practice it
may not be necessary to exclude all potential sources in the entire world as the relevant population
may be limited by case-specific aspects (such as time, location, etc.). Notwithstanding, our point is
that even if only a restricted population is considered, forensic examiners usually cannot, for practical
reasons, examine it exhaustively.®’

Taken literally, eliminative induction would require the forensic practitioner to undertake the titanic
task of systematically examining and ruling out every alternative hypothesis. As noted above, examiners
often circumvent this formidable task by advancing all-encompassing assertions that the observations
would be impossible under alternative propositions. Such claims, however, ignore the sheer breadth of
the relevant logical space, which encompasses the set of all possible donors (sources) of the forensic trace
— potentially numbering in the billions, with each representing a distinct hypothesis corresponding to a
conceivable source (human, object or otherwise).

The problem of eliminative induction is therefore forbiddingly complex and practically unmanage-
able. The forensic practitioner can neither fully explore the logical space:

H={H\, H... H,.., Hb}

nor possesses sufficiently discriminative evidence to rule out every other possible proposition. Ruling out
even a single candidate source (proposition) requires knowledge of the features of that source, respect-
ively the features of the #races that this source can produce, along with their range of variation, followed
by the assertion that the item in question (i.e. of unknown source) falls outside this range of variation and
would be impossible to observe if it came from the candidate source. The latter hinges on an assumption
regarding the source’s features and associated range of variation, which raises additional requirements of
justification. Practically, this will bring one back to the starting line and the question of what

33 “Guess Who?” is a popular two-player deduction game in which each player selects a mystery character from a board of cartoon
faces, and then takes turns asking yes-or-no questions to eliminate candidates and identify the opponent’s character. It’s essentially a
process of elimination applied to a finite set of alternatives.

34 See J. Earman, Bayes or Bust? A Critical Examination of Bayesian Confirmation Theory, 1992, Ch. 7.

35 Note that according to ISO 21043-1, observations are the input for interpretation, leading to opinions as an output.

36 We leave here aside openly illogical guidance documents, such as the United States Department of Justice Uniform Language for
Testimony and Reports for the Forensic Firearms/Toolmarks Discipline Pattern Examination (https:/www.justice.gov/olp/media/
1295781/d1?inline, accessed July 25 2025) that allows examiners to conclude ‘Source identification” (meaning that ‘two toolmarks
originated from the same source’) but, at the same time, requires that examiners ‘shall not [...] assert that two toolmarks originated
from the same source to the exclusion of all others’ (emphasis added).

37 An obvious exception to this is the closed-set situation where the relevant population is limited and can be exhaustively inves-
tigated (see also C. Champod and A. Biedermann, Overview and Meaning of Identification/Individualization. In: Encyclopedia of
Forensic Sciences, Max M. Houck (ed.), 3/e, Vol. 4, 53-62).


https://www.justice.gov/olp/media/1295781/dl?inline
https://www.justice.gov/olp/media/1295781/dl?inline
https://www.justice.gov/olp/media/1295781/dl?inline
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demonstrable evidence one has. Typically, forensic examiners may be able to offer an assertion of the
kind ‘we have never observed this in an item/trace from that source’, along with the asserted prevision
of not observing it either in any (future) instance beyond the existing knowledge. This view of scientific
methodology is shortsighted, both in its cursory treatment of the paralysingly large set of possible hypoth-
eses and in its neglect of the extent to which the available evidence is incapable of meaningfully narrow-
ing that set.

As outlined above, in both ‘Guess Who?” and the kind of forensic reasoning permitted under para. 6.3
ISO 21043-4, the reasoning process hinges on systematically eliminating alternative propositions until
only one remains. The final inference — i.e.: =this< is the source — is reached not only through direct
observation (e.g. that the trace corresponds to the candidate source), but also by an assertion for which no
direct or tangible evidence is provided: ‘none of the alternatives can account for what I see’. The key
difference, of course, is that in ‘Guess Who?’, the complete set of alternatives is known, finite and
can be investigated exhaustively. In forensic science, however, the pool of potential sources (e.g. all fire-
arms, all individuals), although finite, is rarely, if ever, exhaustively known. Moreover, various sources of
variation exist both within and between sources. Therefore, excluding all alternatives is not merely prac-
tically challenging; it is predicated on a conceptually untenable view of the problem.

Given the methodologically trivial yet functionally significant fact that the examiner cannot possibly
traverse the entire logical space®® — that is, s/he cannot compare the questioned item with every potential
source in order to justify the claim ‘to the exclusion of all others’ — the initial set of hypotheses {Hj, ...,
H;, ..., H,} is, by necessity, partitioned. Starting from the full hypothesis space — that is, all possible
donors (sources) — the ISO 21043-4 framework effectively reduces this space to a binary partition.

More precisely, there exists a subset of hypotheses (i.e. possible donors) that must be actively consid-
ered and, where appropriate, ruled out. These alternatives are epistemically relevant: ignoring them
would compromise the integrity of the inquiry. We refer to this subset of the n propositions as the SRA

SRA ={H,, ..., H;, ..., Hy}, form <n.

The remainder of the hypothesis space — the logically possible alternatives — is excluded without thor-
ough scrutiny. Their dismissal is not epistemically earned but presumed, assumed or simply overlooked —
whether because they are deemed implausible, inconvenient or escape notice altogether. We refer to this
subset as the SSOA:

S$§04 = H\ SRA

This reads: SSOA is the set difference ['\'] between the full hypothesis space H and the actively con-
sidered subset SRA — and includes all those propositions that are excluded sub silentio. In other words,
SSOA is the complement of SRA. At this juncture, a few clarifying comments are necessary.

First, it is worth noting that the cardinality of the two subsets — SRA and SSOA — is inversely related
due to the constraints of eliminative reasoning. The more hypotheses the examiner actively considers —
plausible, relevant or comparable alternatives — the smaller the SSOA becomes. Conversely, the lower the
cardinality of actively considered hypotheses, the greater the cardinality of the SSOA, and the more
hypotheses are excluded without epistemic justification.

Secondly, the process of elimination is marked by a fundamental asymmetry: only a narrow subset of
possible hypotheses — those explicitly judged to be relevant and feasible — are actively considered, while
the vast remainder are silently disregarded. A vast set of propositions — comprising the SSOA — are there-
fore excluded by omission rather than scrutiny. Their elimination occurs sub silentio, not through eviden-
tial engagement but through tacit disregard. This move reveals an epistemic sleight of hand inherent in
categorical conclusions. The act of individualisation and the claim of exclusion (‘to the exclusion of all

3% Even if the entire logical space could be investigated, the examiner would still need to invoke the assumption that observational
error is impossible.
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others’) suggest a narrowing to a single hypothesis, yet in reality only a tiny subset of the logical space
(SRA) may have been given due consideration. What is more, in many cases, the properly investigated
subset of the SRA contains only a single member, the candidate source. Meanwhile, the vast logical space
of other possible donors — including the massive SSOA - is silently disregarded.

So, while the conclusion feels singular and decisive — individualisation is the claim of having reduced
the set of potential donors of a forensic trace to a single source® — it is, de facto, built on a large-scale
exclusion by omission. Most hypotheses are excluded not because they were shown to be incompatible
with the findings, but because they were never actively considered. This creates the illusion of exhaustive
reasoning where none exists. More troubling still, the asymmetry works to the detriment of the legitimate
interests of individuals (POIs) — notably: of defendants. By suggesting that fact-finders could make cat-
egorical statements (‘this trace comes from this individual’), the framework of ISO 21043-4 gives the
impression of exhaustive analysis while in fact narrowing the field of inquiry only to what the examiner
— often tacitly — presumes to matter. The result is a categorical conclusion that conceals the fragility and
hastiness of its inferential base, shifting the burden of justification away from the fact-finder and under-
mining the adversarial ideal of symmetry and equality of arms between prosecution and defence. What
appears as certainty is in fact a mirage — a SAD masked as pseudo-probabilistic reasoning: the assertion of
‘impossibility’ by rounding a small probability to zero on the basis of allegedly perfect evidence.

Admittedly, the approach offers nothing fundamentally new; it merely formalises one of the oldest
institutional forensic practices as a core element of an international standard. The inclusion in para.
6.3 of a logical criterion*® for categorical opinions, though commendable in principle, is ultimately self-
defeating because it cannot be empirically substantiated (other than in special closed-set cases).

Another way of reading para. 6.3 of ISO 21043-4 would be to consider it perfectly well suited because
it poses a severe requirement so that, if properly applied, it should prevent forensic practitioners from
reaching categorical conclusions, especially those relating to source attribution. However, this seems a
rather idealistic viewpoint. As Morrison et al.*' noted, the ‘impossibility” criterion is defined in terms
of a human judgement, making it vulnerable to bias. Therefore, what appears prima facie to be a hard
criterion, implying a categorical conclusion as a logical necessity, will lead to an output that remains
entirely dependent on the fallibility of the ‘impossibility’ judgement.

Relevant alternatives and contextualism

As outlined above, applying the ISO framework implicitly but inevitably leads to a partition of the logical
space of all possible donors into two mutually exclusive and exhaustive subsets:

e one set — the SRA — comprising relevant alternatives that must be actively considered and ruled
out;
e the other — the SSOA - consisting of hypotheses that can be readily disregarded.

In forensic reporting — especially in case of categorical conclusions — the examiner is implicitly claim-
ing: ‘I am a scientist, and I am sure that the forensic item originates from that candidate source because I
have ruled out all relevant alternative sources’. The phrase ‘I am sure’ is an assertion, not a demonstra-
tion, of complete knowledge about an unobserved and unobservable event of the past. Any belief about
the truth of this event must therefore be based on information and empirical data. While, under real-world

39 Cole, above (n. 4), pp. 117-150.

40 The logical criterion consists in requiring that the probability of obtaining the findings given any alternative proposition be zero.
This corresponds to requiring a likelihood ratio that is infinite.

*!'G. S. Morrison et al., A Guide to ISO 21043. Forensic Sciences from the Perspective of the Forensic-Data-Science Paradigm. In:
65 Science & Justice (2025) 101304.
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circumstances, information (evidence) is incomplete or imperfect, asserting complete knowledge presup-
poses, from a formal point of view, sufficient evidence. However, regardless of whether the forensic find-
ings in real-world cases can justifiably be regarded as such evidence — in our view they cannot — the
feasibility of such a judgment inevitably depends on the set of propositions under consideration. This
raises several concerns that merit closer examination.

First, which hypotheses count as ‘relevant’ alternatives to gain membership in the SRA? The rele-
vance threshold in forensic practice remains undefined — resulting in scientifically unwarranted, if not
arbitrary, choices. There is no established forensic protocol to specify the cardinality of the SRA: no
agreed criteria for what renders one alternative relevant while another is disregarded. This determination
is left to the examiner’s judgment. To be clear, we are not suggesting that such choices or judgments
should never be made — but rather that they are not scientific. As commentators have put it with charac-
teristic verve in the context of theoretical frameworks for rational decision analysis, a theory ‘does not
eliminate the need for you to make judgments and to express preferences; anyone who so claims is a
charlatan’.**

Secondly, who holds the authority to determine how high the stakes are? What counts as sufficient in
one context may be wholly inadequate in another. For example, vast resources are routinely spent — entire
investigative teams, extensive surveillance operations and multi-million-pound budgets — to try to solve a
single homicide, while the theft of an elderly person’s purse may receive no more than a brief incident
report and cursory attention — even when both cases lack investigative leads. In other words, the cardin-
ality of the SRA — that is, the strictness of our epistemic demands — depends not only on contextual epi-
stemic standards but also on value judgments.*> Limited resources and the need for finality necessitate
trade-offs. The criminal process, after all, is neither a ritual nor an open-ended historical inquiry.
Legal systems weigh costs and benefits and adjust the epistemic standards of proof accordingly.
Crucially, however, these adjustments are not to be made by forensic practitioners. They are normative
determinations made by the legal system itself, grounded in its values and procedural architecture.

Arbitrary or implicit decisions about the cardinality of the SRA or the SSOA are therefore not only
methodologically questionable but also epistemologically superficial.

Thirdly, can forensic scientists legitimately claim to have ruled out all relevant alternatives when
they rely on incomplete data sets and non-demonstrable assumptions (about potential sources that
have not explicitly been examined) and even assumptions known to be incorrect,** rather than indi-
vidually justified exclusions? For example, forensic examiners typically claim that ridge skin surfaces
are ‘unique’ and that the selected candidate source was the only correspondence or, at least, the best
correspondence (‘hit’ or ‘match’) found in a database. This, however, is flawed in several respects.
The point is not uniqueness of human ridge skin surfaces, which is uncontested. The problem is that
in casework, we find traces that are incomplete and distorted representations of their actual source
but may resemble or even be confused with —as errors in real cases have demonstrated— traces from
other sources.*® Further, searching traces against collections of reference prints in a database does
not primarily lead to a single association: instead, current computerised systems typically produce a
list of candidates, ranked according to their degree of similarity with the trace of unknown source.
It therefore requires the intervention of a human examiner to select a particular candidate from that
list, to compare it with the trace and evaluate the similarities and differences before a definite conclu-
sion can be drawn. Obviously, the fact that none of the database entries other than the selected candi-
date was retained does not imply that all relevant alternatives were ruled out, which would be the

421, H. LaValle, Fundamentals of Decision Analysis, 1978, p. 13 (italics as in original).

43 See M. Williams, Problems of Knowledge, 1995, p. 162; L. Wittgenstein, On Certainty, 1969.

4 For example, the assumption of error-free examinations.

43 Therefore, the issue is not uniqueness of sources but discernibility of uniqueness which is bound by the fallibility of human
experts.
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logical condition of source attribution. In other words: Absence of proof of (closely) corresponding
candidates other than the selected candidate source in a finite database is not proof of the nonexistence
of such candidates in general. The forensic examiner’s move to SADs and individualisation under ‘no
alternative explanation’ language mimics epistemic justification but lacks a mechanism to define the
SRA and to effectively explore it in a demonstrable process.*®

More broadly, the mainstream forensic commitment to SADs—frequently presented as the hall-
mark of forensic science®” and reflected in the criteria embodied in ISO 21043-4—can be critically
examined through the lens of Epistemological Contextualism.*® While ISO neither expressly recog-
nises nor endorses SADs, its framework substantially mirrors the criteria traditionally associated
with them. First developed in response to sceptical challenges, contextualists hold that knowledge
does not require the elimination of all logically possible alternatives, but only of those alternatives
that are relevant in the given context.*” Relevance is thus context-sensitive. In essence, a person is
entitled to believe that a proposition p is true only if they can rule out all relevant alternatives to p.
This framework has strong explanatory power because our epistemic practices already adjust stan-
dards for justification — expanding or contracting the set of relevant propositions — through concepts
like ‘(un-)reasonable doubt’. The model does not just capture epistemic practice but conceptualises
aspects underlying that practice. It provides us with a — in T.S. Kuhn’s terms — ‘metaphor’ which
enables us to ‘see’ things more clearly.””

ISO 21043-4 is agnostic on this aspect. It does not formally require, but tacitly forces practitioners to
partition the set of alternative propositions into relevant (SRA) and irrelevant (SSOA) ones. However,
ISO 21043-4 does not involve the conceptual sophistication provided by epistemological contextual-
ism, which leads to an arbitrary process of elimination — one that treats only a subset of alternatives as
actionable, while (often silently)®' dismissing the rest. This core asymmetry — between relevant and
obviated alternatives — is at the heart of contextualism and bears significance for the logic of forensic
identification.

In summary, the term ‘impossible’ in ISO 21043-4 appears to function as a means to an end, that is, the
exclusion of alternatives. However, it lacks the justificatory rigor articulated and provided by epistemo-
logical theories. In other words, the reference in ISO 21043-4 to ‘impossibility’ seemingly imports a ver-
sion of contextualism and a factual conclusion under the guise of expert judgment — but does so without
the conceptual coherence or methodological structure that rigorous epistemic practice requires. It acts as a
black box, substituting authority for reasoned argument.

46 See P. Hawke, Relevant Alternatives in Epistemology and Logic. In: Redmond/Martins/Fernandez (eds.), Epistemology,
Knowledge and the Impact of Interaction, 2016, pp. 207-235.

47 p L. Kirk, The Ontogeny of Criminalistics. In: 54 Journal of Criminal Law, Criminology and Police Science (1963), pp. 235-238
(236).

48 See D.A. Annis, A Contextualist Theory of Epistemic Justification. In: 15 Am Philos Q 1978, pp. 213-219; H.L. Ho, A
Philosophy of Evidence Law: Justice in the search for truth, 2008; K.N. Kotsoglou, Forensische Erkenntnistheorie, 2015.

49 The present paper cannot examine all kinds of contextualism. See P. Baumann, Varieties of Contextualism. In: 69 Grazer Philos
Stud (2005), pp. 229-246. The main hindrance is not the great diversity of contextualist theories, but rather the fact that ‘epistemo-
logical contextualism’ is a collective label for two distinct families of theories: Semantic Contextualism (SC) and Inferential
Contextualism (IC). These two groups not only have a different theory design but rather tackle different problems. In a nutshell,
proponents of SC maintain that the verb ‘to know’ is context-sensitive in the sense that sentences of the form ‘S knows that
p...” will express different propositions and thus have different truth values, depending on their context of utterance (see
e.g. S. Cohen, Knowledge, Context, and Social Standards. In: 73 Synthese (1987), pp. 3—26). Proponents of IC deny that scepticism
results from a misunderstanding. IC’s target is to identify its theoretical commitments and to show that there is something very pecu-
liar about our obligation to back up any belief. That is the essence of the proffered theoretical diagnosis of the problem of scepticism,
see M. Williams, above (n. 43), p. 253 et passim.

0TS, Kuhn, The Structure of Scientific Revolutions, 3/e., 1996, p. 196.

31 See D.K. Lewis, Elusive Knowledge, in: 74 Australasian Journal of Philosophy (1996), pp. 549.
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Decisional matters

Decisions and decisionists

We saw above how individualisation to the exclusion of all others can be better understood as a decision
rather than a scientific statement (section ‘Opinion and Fact’). According to our account, individualisa-
tion is a decision because one would need to decide that all the relevant alternatives can be regarded as
excluded in absence of any empirical demonstration of any or most of those exclusions. This is at odds
with the rationale underpinning the law of expert evidence, which is an exception to the opinion rule. We
remind that an expert’s opinion is admissible to furnish the court with scientific information if and only if
the fact-finder cannot form their own conclusions without Aelp. The law simply does not care about any-
one’s opinion insofar as fact-finders can form their own. For example, in G v DPP* in answer to a charge
of indecent assault on a child (in E + W) the defendant wanted to adduce an expert psychologist’s report
purporting to establish that the allegation against him were fabrications. Phillips LJ held nothing back in
rejecting G’s appeal and upholding his conviction. His Lordship explained in no unclear terms that ‘this
exercise was misconceived, inappropriate and a complete waste of, no doubt, considerable money. The
test of whether a child is capable of giving intelligible evidence does not require any input from an expert.
It is a simple test within the capacity of a judge or magistrate’.” 3 The expert therefore requires specialised
skills and knowledge of a target system beyond the fact-finder’s experience and understanding.>* Now,
the question is: Why would a fact-finder need expert help to make judgments under uncertainty — that is,
to make decisions? For all the sophistication of formal frameworks, decision theory in particular, no sep-
arate realm of ‘decisionists’ exists: practical reason remains irreducibly plural, even among reasonable
agents.”> Put differently, there is no such institution as the ‘University of Life’ whose supposed graduates
could claim to make decisions by scientific method.’® Inferential reasoning alone does not dictate the
answer to questions of justice in the same way that a medical diagnosis does not dictate — without taking
into account personal values — the course of therapy.

Experts are well placed to interpret’’ and report data, helping fact-finders evaluate competing propo-
sitions. But they are not qualified to resolve factual disputes that require value-laden judgments under
uncertainty — particularly when these concern, ultimately, questions of justice shaped by non-scientific
parameters. The overall aim of criminal proceedings is to do justice; while epistemic considerations
are essential — we aim to convict the guilty, and only the guilty, of the right offences — scientific input,
including probabilistic reasoning, is not itself the proof of the pudding.>® Expertise in a specific field does
not entail special competence in setting the cut-off point for accepting a proposition or in determining the
appropriate number of relevant alternatives (SRA) along with the level of their scrutiny.’ ® As LW. Evett
observed, ‘[i]t is important to realise that this kind of opinion is a manifestation of a largely psychological

211997] 2 All ER 755 DC.

3311997] 2 All ER 759 DC.

% R v Turner [1975] 1 All ER 70 — emphasis added. Furthermore, in a Scottish case (Davie v Magistrates of Edinburgh 1953 S.C.
34), which has been cited with approval by English courts, Lord President Cooper said: “Their duty is to furnish the judge with the
necessary scientific criteria for testing the accuracy of their conclusions, so as to enable the judge or jury to form their own inde-
pendent judgment by the application of these criteria to the facts proved in evidence’ (emphasis added).

55 See D. M. Kahan / D. A. Hoffman / D. Braman, Whose Eyes Are You Going to Believe? Scott v. Harris and the Perils of
Cognitive Illiberalism. In: 122 Harvard Law Review (2009), pp. 837-906.

36 For more analysis see D. Runciman, How Democracy Ends, 2018, p. 181-2.

57 1t is worth noting that ISO 21043-1 defines interpretation as part of the examination process, aiming at ‘infer[ring] the meaning of
observations’ (ISO 21043-1, para. 3.30, emphasis as in original).

8 p. Roberts, Making Sense of Forensic Science evidence. In: Roberts/Stockdale (eds), Forensic Science Evidence and Expert
Witness Testimony: Reliability Through Reform?, 2018, pp. 27-70 (45).

3 As noted above (section ‘Opinion and fact’), in the context of forensic inference of source, examiners set that level arbitrarily low,
that is they dispense with empirical demonstration in favour of references to ‘impossibility’ that amount to appeals to faith on behalf
of the consumers of specialised witness opinion evidence.
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process — it owes nothing to scientific proof and cannot be substantiated by logic. This does not make it

bad, or unreliable, but it is not based in science’.®°

Generality

The point above touches on a foundational feature of science — its inherent commitment to generality. The
defining feature of scientific inquiry is the pursuit of generalisable principles, not the construction of ad
hoc explanations for singular events. Science seeks systematic, replicable knowledge — not context-
sensitive conclusions. For example, Newton’s laws of motion do not merely explain why a specific apple
falls from a specific tree — they apply equally to all apples, planetary orbits, pendulums and projectiles.

While in the philosophy of science generality is considered a hallmark of robust theories,®' forensic
scientists, paradoxically, consistently claim the exact opposite. They consider that reaching conclusions
in the individual case based on general knowledge to be, in fact, the distinctive feature of their science.
That is, they view generalisation not as an end, but as a means to an end which is individualisation.
Strictly speaking, however, this is not a typically (forensic) scientific enterprise because reaching a con-
clusion remains an inferential problem which relies on practical reasoning under uncertainty about past,
current and future events. Therefore, forensic science holds no special status insofar as it represents a
mere instance of a discipline that deals with the problem of reasoning under uncertainty. In forensic infer-
ence, for instance, the use of likelihood ratios is grounded in probability theory that applies across con-
texts — from fingermarks, mixed DNA traces to toolmarks. The strength of the likelihood ratio framework
— endorsed by the forensic science community, including ISO 21043-4 — lies precisely in its generality: it
provides a comprehensive formal structure for evidential reasoning, irrespective of the type of forensic
data under consideration (see ISO 21043-4, para. 1).

It is important to recognise that generality comes at a cost: the broader a theory’s scope, the less pre-
cisely it may fit individual cases. Inferential frameworks are subject to the same limitation. Likelihood
ratios, for example, offer a general structure for evaluating observations with respect to competing
hypotheses. However, their case-tailored development and application require particular models and spe-
cific numerical values that depend on various assumptions about the relevant population, laboratory con-
ditions, performance characteristics of methods and examiners, as well as other case-specific variables. A
model crafted for broad applicability will inevitably fall short of capturing the full complexity inherent in
any individual case. Conversely, a highly tailored model may be suitable for approaching a given case but
lack any broader applicability. Understanding this inverse relationship between generality and individual
cases is essential when evaluating scientific claims in legal contexts, where both overgeneralisation and
excessive specificity can distort reasoning. As the historian of science James Gleick points out: ‘“The
choice is always the same. You can make your model more complex and more faithful to reality, or
you can make it simpler and easier to handle’.*

The aforementioned trade-off is always constrained by the basic purpose of modelling itself. The aim
of any model is to generalise — to reduce the complexity of target systems into theoretically meaningful
propositions with real-world applications. A map as detailed as the terrain it represents would cease to
function as a map; it would simply replicate the landscape. In this sense, all models, including forensic
science models, necessarily involve abstraction and simplification. In other words, in inferential reason-
ing one never solves an actual problem but merely an abstraction thereof. To clarify, the function of any
scientific model is threefold:

0T W. Evett et al., DNA Profiling: A Discussion of Issues Relating to the Reporting of Very Small Match Probabilities. In: Criminal
Law Review 2000, pp. 341-348 (344) — emphasis added.

1 C. T. Lewis and C. Belanger, The Generality of Scientific Models: A Measure Theoretic Approach. In: 192 Synthese (2015),
pp- 269-285.

62 J. Gleick, Chaos: Making a New Science, 1998, p. 278.
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(i) to generate generalisable statements about the world, for example, conclusions based on the pre-
sumption that ‘events occur in consistent patterns that can be understood through careful comparison
and systematic study’,®* in direct opposition to ad hoc reasoning.

(ii) to establish symmetry across members of a target system, that is, to treat those members as inter-
changeable regarding the predictions or explanations derived from the model.

(iii) to eliminate, as much as possible, the need for a case-by-case treatment of individual instances.

The scientific validity of a general proposition rests on its derivability from a scientific model. Within
this framework, the idea of an ‘ad hoc explanation’ is conceptually troubling: it signals a deviation from
the generality that scientific inquiry aims to uphold. This raises a crucial question: can a forensic examiner
properly offer an opinion about a specific case outcome — such as the source of a forensic item — rather
than limiting their opinion to the evidential features themselves? In other words, are examiners entitled to
make case-specific judgements,®* or must they confine themselves to evaluating findings and to interpret-
ing data within the boundaries of their scientific expertise? From Aristotle’s observation that ‘it is foolish
to accept probable reasoning from a mathematician and to demand from a rhetorician [i.e. lawyer] scien-
tific proof,”® to modern forensic scientists who caution against attaching aggregate case statistics to sin-
gular events,®® there has been longstanding scepticism about the scientific credentials of (legal)
decision-making. The concern is that such decisions, rooted in particular contexts and value-laden con-
siderations, resist the kind of generality that science aspires to.

Just as, in H.L.A. Hart’s memorable words, individual cases do not hold up a sign saying

I am an instance of the general rule®’

forensic traces do not shout ‘I originate from this or that POI to the exclusion of all others’. To be clear,
the notion of ‘individual decision’ does not mean that the decision maker could proceed in an arbitrary
way. Members of the court are supposed to form a ‘disinterested forum’®® entrusted to make informed
decisions and implement societal values of the respective legal order. The gap between (logical) conclu-
sions and (reasoned) decisions can only be filled by a ‘type jump’,*® an act of will which is not the neces-
sary outcome of an (axiomatised) reasoning process, that is, cannot be executed by a scientist in a
methodologically replicable way.”® A decisional question including questions of justice, thus cannot
be answered by making recourse solely to inference and empirical/scientific observations. The reason
for this is not because such questions are a deep, impenetrable mystery, but because the question itself
is not a scientific one.”" This was clearly recognised over two millennia ago by Aristotle, who observed
that the appropriate course of action for a reasonable agent depends on the particulars of the situation — in
other words, it is highly context-sensitive.”* The sheer number of possibilities that would need to be con-
sidered to arrive at a practical solution — that is, the vast logical space that forensic examiners would need

%3 National Academy of Sciences, above (n. 1), p. 112.

% Note that ISO 21043-4 specifically uses the term ‘judgement’ in para. 6.3 (‘Categorical opinions’).

% Aristotle Nic Ethics i3, 1094b.

% D. Lucy, Introduction to Statistics for Forensic Scientists, 2006, p. 5

7 Hart, above (n. 8), p. 126.

8 R.J. Allen, Burdens of Proof. In: 13 Law, Probability and Risk (2014), pp. 195-219 (196).

'S. E. Toulmin, The Uses of Argument, 2003, 150.

70 Scholars who reject this fundamental insight must assume implausible models of adjudication, often invoking caricatures of
judges endowed with ‘superhuman intellectual power’ (R. Dworkin, Law’s Empire, 1986, p. 239). Yet discretion is by no means
unique to law. As Thomas Kuhn famously argued, the practice of science itself involves value judgments and context-sensitive deci-
sions. Scientific development, including theory choice, cannot be reduced to formal proof or deductive inference: such debates,
Kuhn notes, ‘cannot be cast in a form that fully resembles logical or mathematical proof’ (Kuhn, above (n. 50), p. 199).

! See R. Monk, Wittgenstein’s Forgotten Lesson. In: Prospect July 20, 1999, for more discussion on that point.

72 Aristotle, Nicomachean Ethics, 1104a7-10.
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to fully explore under para. 6.3 of the ISO framework in order to justify a conclusion about ‘impossibility’
— renders predefined decision procedures analytically intractable. Any attempt to formulate a comprehen-
sive rulebook or ‘complete guide to decision-making’ inevitably falters on the impossibility of anticipat-
ing all the possible combinations of circumstances that future cases may present.”

Yet the phrase ‘to the exclusion of all others’ remains a staple rhetorical device in forensic reporting, not-
ably endorsed in para. 6.3 of the ISO 21043-4, although not explicitly, but by logical implication. The claim,
under ISO 21043-4, that the observations wouldn’t be obtained with any alternative source is not the product
of an algorithmic or analytic process. Instead, it rests on discretionary judgment — specifically, ‘the exami-
ner’s judgement’ (ISO 21043-4, § 6.3), who is neither institutionally empowered nor methodologically
equipped to make such determinations. Just as legal facts do not automatically yield their classification under
law, SADs do not follow inexorably or inferentially from the data. What is routinely framed as a scientific
conclusion is, in reality, semantically and conceptually, a judgment — a decision cloaked in the language of
forensic analysis, made at the boundary where scientific reasoning gives way to evaluative choice.

To summarise, treating decisions as if they were equivalent to scientifically valid conclusions does not
resolve real-world uncertainty — it compounds it. In legal proceedings, forensic and other experts cannot
validly provide what is often unduly expected of them: algorithmic decisions. While experts assist fact-
finders with diagnostic questions, they should remain silent on decisional issues — such as the (im)pos-
sibility under alternative explanations (as in para. 6.3 ISO 21043-4) — which lie beyond the legitimate
scope of scientific inference.”*

A legal order does not operate as an empirical system governed by causal laws, but as a normative system
governed by rules of ascription. A legal system is thus a nomodynamic order, not a nomological one. As
such, the legitimacy of legal decisions derives not from their alignment with domain-expert opinion, but
from their compatibility with constitutional values, procedural fairness and democratic accountability.
Treating expert judgment as dispositive on normative questions risks turning a system of public reason
into an exercise in scientific imperialism.” Simply put: scientific authority over statistical propositions
does not confer authority over practical matters. An ethical or legal conclusion is not correct because
most scientists endorse it; it is correct, if at all, because it is justifiable within the normative framework of law.

Scientific imperialism?

Our argument does not imply that domain experts should be a priori excluded from decision-making
roles. Instead, if they are included, it cannot be in their capacity as domain experts. Expertise is not a
general trait of people but a domain-specific credential: it refers to specialised knowledge of a well-
defined empirical target system.”® To assume otherwise would be to treat all of a scientist’s views as
authoritative simply by virtue of their scientific identity — as if anything they say or think is reliable
because of the purported rationality of their discipline or mindset. Unsurprisingly, a legal system is
not answerable to some imagined Tribunal of Rationality. It can make institutional choices — including
who decides — as a matter of public policy. Expertise confers authority over data, methods and models —

3 H.L.A. Hart, Jhering’s Heaven of Concepts and Analytical Jurisprudence. In: Essays in Jurisprudence and Philosophy, Oxford
1984, pp. 265-277 (270).

74 See K.N. Kotsoglou and A. Biedermann, Inroads into the Ultimate Issue Rule? Structural Elements of Communication between
Experts and Fact-Finders. In: 86 The Journal of Criminal Law (2022), pp. 223-240.

75 A. Biedermann and K.N. Kotsoglou, Scientific Imperialism: ‘The judge made me do it!". In: 65 Science & Justice (2025),
pp. 119-125.

76 There is a large scientific field within the area of applied psychology, known as judgment and decision-making (e.g., Jonathan
Baron, Thinking and Deciding, 4/e. 2008). It is worth emphasising that the use in this field of the term ‘normative’ in relation to
decision-making in the sense of rationality as a reference point independently of observable human behaviour is different from
the use of the same term in the legal context.
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not over value-laden judgments. A particular ethical or political stance is not authoritative simply because
it is held by most scientists.”’

After all, a legal order is not merely a static set of substantive rules dictating which primary behaviours
warrant censure or punishment. It is a dynamic normative system that regulates itself by prescribing how
evidence is generated and admitted, and — most critically — by conferring legal authority on designated
decision-makers to assign criminal liability or make decisions on penultimate evidential issues — notably:
the question of source. This self-regulated structure defines law as a nomodynamic system: one governed
not by descriptive laws of nature, but by prescriptive norms that determine who is empowered to decide
what.”® In this context, only decisions rendered by the competent legal authority carry binding force.
Expert opinions do not possess decisive authority on penultimate or ultimate issues, as experts lack
the formal authority to make such decisions. To focus solely on epistemic considerations is to overlook
the essential institutional architecture of law — namely, the procedural allocation of decision-making
power — which grounds legitimacy and ensures orderly adjudication.

More specifically, the criminal process unfolds as a tightly regulated and intricately choreographed
decision-making system operating under conditions of uncertainty. At its core lies a crucial structural
question: Who decides?

We can now address two important questions:

— Ty — Who has the decision-making prerogative in modern legal orders?
— T — Who should have the decision-making prerogative: laypeople or experts?

The first question (77) admits a straightforward answer: modern legal systems, legitimised through
democratic principles, consistently assign decision-making authority to fact-finders, that is, professional
judges or laypeople.”” While expert witnesses have the duty to provide technical information to assist
fact-finders in reaching their own conclusions within the expert’s domain, it is crucial to safeguard the
prerogative of fact-finders to make final decisions. As Lord Kerr observed in a UK Privy Council judg-
ment, expert witnesses must acknowledge ‘the need to avoid supplanting the court’s role as the ultimate
decision-maker on matters that are central to the outcome of the case’.*°

The second question (7>) is not one of law but of public policy. In principle, there is no compelling reason
to privilege laypeople over subject specialists when it comes to practical decisions, including legal verdicts.
Indeed, the distinction between ‘decision-making’ experts and laypeople is often not particularly meaningful,
since claiming expertise about what should be done in response to unique historical events is essentially
contradictory. Nevertheless, modern democratic legal orders favour this policy for important reasons.®'
Criminal justice systems, especially in the Anglosphere, decentralise decision-making to ensure that attri-
butes typical of the general population — experiences, perspectives and even biases — are proportionally repre-
sented within decision-making bodies.** This selection mechanism is far from random. The use of aleatory
methods and diversified decision-making as mechanisms for assigning public responsibilities has deep roots,
stretching back to ancient political systems.®® By enfranchising the general population — primarily laypeople
as jurors or magistrates (or even lay magistrates in Continental jurisdictions) — criminal adjudication incor-
porates genuine diversity into its decision-making processes.

"7 See A.L. Hughes, The Folly of Scientism. In: 37 The New Atlantis (2012), pp. 3250, for more discussion.

8 See H. Kelsen, What is Justice?, 1957, p. 252.

7 Rv Twomey [2009] 2 Cr App R 25, para 10, where Judge CJ observed that, ‘[i]n this country trial by jury is a hallowed principle of
the administration of criminal justice. It is properly identified as a right’.

80 See Pora v The Queen [2015] UKPC 9.

81 See Runciman, above (n. 56), p. 120-21.

82 See Watson et al., Cultural Diversity impact on interaction process and performance: Comparing homogenous and diverse task
groups. In: 36 Academy of Management Journal (1993), pp. 590-602, for empirical support to the claim that decisional outcomes
are by and large better when more people are involved.

8 Aristotle, Politics, Book IV, 9, famously proposed that elections were inherently aristocratic while selection by lot was the demo-
cratic way of filling public offices (equality by lot).
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Any critique of current systems must rest on the assumption that a group of educated individuals —
particularly forensic scientists — would consistently make better decisions. (Legal) decisions, however,
are not based on forensic findings only, as forensic scientists often claim as a caveat, but those based
on the entire case file. This condition alone undermines forensic expert exceptionalism in practical
decision-making. To this add numerous further impediments, such as empirical research demonstrating
that cognitive biases affect both novices and experts across all domains. As Bartels and Achen observe,
‘[t]he historical record leaves little doubt that the educated, including the highly educated, have gone
wrong in their moral and political thinking as often as everyone else’.®*

We conclude that, even from a normative standpoint, the existing constitutional arrangements govern-
ing decision-making prerogatives — referred to by courts as the ‘primacy of the jury’®® or, in the
German-speaking world, as ‘ureigene Aufgabe [des Tatrichters]’®® — are entirely legitimate within a
democratic society. As the forensic scientists Fraser and Williams remind to persistent practitioners:
‘[t]he combination and weighting of different kinds of evidence to decide guilt or innocence [...] is a
question for the jury and is certainly outside the province of the scientist’.®” Fundamentally, the allocation
of decision-making authority is a policy choice rather than a scientific imperative. Legal systems retain
full freedom to designate who is entrusted with the critical responsibility of making factual determina-
tions, without infringing upon any logical or methodological principles intrinsic to scientific inquiry.

As outlined above, para. 6.3 of [SO 21043-4 permits, in principle, SADs, when an examiner judges it
impossible for the observed features — for example, between a fingermark and a POI’s reference print — to
arise under any alternative proposition. This ‘impossibility’ is not a product of formal proof or probabil-
istic necessity,* but of subjective judgment, made by allocating hypotheses either to relevant alternatives
or to silently eliminated ones. Given the vast logical space of possible donors and the fact that exhaustive
exclusion cannot be scientifically or empirically guaranteed, such claims amount to an appeal to trust in
the examiner rather than to a demonstrable fact. This constitutes an unauthorised, pseudo-normative inter-
vention into the procedural framework, effectively claiming certainty and sufficient legal proof. In doing
so, the examiner oversteps their role as a provider of specialised information and assumes the role of
decision-maker. The epistemic leap (i.e. the claim that it is impossible to obtain the findings under
any alternative proposition) bypasses procedural safeguards designed to leave ultimate and penultimate
judgments to the fact-finder. ‘Certainty’ in law is not merely an epistemic status, but a procedural act,
performed by those empowered to decide based on the case as a whole. The criminal court — not the foren-
sic scientist — is the locus of that authority.

Categorical statements suggest that the examiner is doing more than offering evidence under a given
hypothesis — this is the essence of (forensic) probabilism — but deciding between hypotheses. This
amounts to delivering a verdict masqueraded as expertise.

From a legal theoretical point of view in criminal adjudication, authority is formally structured: the
judge or jury alone make factual determinations or ascribe guilt, while expert witnesses are confined
to providing evaluations within the scope authorised by law. Legal norms derive their binding force
only through the formal grant of authority; any act outside this authorisation exceeds the respective per-
son’s competence. Smuggled in under the banner of scientific methodology, ‘impossibility’ carries within
it an unauthorised transfer of adjudicative power from the judge or jury to the expert witness. When

8 C.H. Achen & L. M. Bartels, Democracy for Realists. Why Elections Do Not Produce Responsive Government, 2016.

85 See e.g. R v Blackman [2017] EWCA Crim 190, para 43.

8 See the judgments of the German Federal Court: BGHSt 8, 130 (131); BGHSt 29, 18(20).

87 J. Fraser and R. Williams stress this point in: J. Fraser and R. Williams (eds.), Handbook of Forensic Science, Introduction, pp.
29-56 (38).

85 On the contrary, it can be demonstrated, using elements of probability and decision theory, that rounding small probabilities to
zero in situations of uncertainty is suboptimal. For a discussion of this in the context of forensic inference of source, see, for
example, A. Biedermann, P. Garbolino and F. Taroni, The Subjectivist Interpretation of Probability and the Problem of
Individualization in Forensic Science. In: 53 Science & Justice (2013), pp. 192-200.



Kotsoglou and Biedermann 137

forensic examiners present conclusions that effectively pre-empt factual determinations closely tied to
guilt,®’ rather than merely illuminate the evidence, they overstep their role and undermine the epistemic
and normative foundations of the criminal process.

Discussion and conclusions

We showed that SADs are not merely expert opinions but quasi-judicial determinations usurping the fact-
finder’s authority. In law, ‘certainty’ is a procedural act reserved for those empowered to assess the evi-
dence as a whole. When forensic practitioners move away from probabilistic assessment to categorical
opinions — especially under the banner of ‘impossibility’ — they make an epistemic and normative leap
that bypasses procedural safeguards designed to keep factual determinations and decisions with the court.
Such unauthorised interventions short-circuit judicial reasoning, risk coercing fact-finders into deference
and shift the burden of reasoning away from those with the legal mandate to decide. When fact-finders
treat an expert’s claimed certainty as a reason not to deliberate further, they cede their decision-making
prerogative to the witness, turning expert confidence into a substitute for independent judicial reasoning
and eroding the normative foundations of adjudication.

Overall, the message conveyed by the standard ISO 21043-4 is mixed. On one side, it endorses a prob-
abilistic framework for forensic interpretation. It explicitly states that findings should be couched as
evaluative conclusions reflecting varying degrees of evidential support expressed as likelihood ratios.
This stance ostensibly aligns with best scientific practice, acknowledging the inherent uncertainty of
inferential reasoning in forensic science, as shown in Table 1.

At the same time, however, embedded within this otherwise cautious framework arrived a subtle yet
consequential exception — one that functions, conceptually, as a Trojan horse. The standard ISO 21043-4
permits the examiner to reach and convey a categorical opinion (such as a SAD) i#f, in their judgment, ‘it
would be impossible to obtain the observations if any alternative proposition were true’ (ISO 21043-4,
para 6.3). While this may seem to preserve scientific modesty by reserving categorical claims for only the
most compelling observations and findings, it nevertheless imports, de facto, a form of epistemic over-
reach under the guise of (unauthorised) practitioner discretion.

The problem lies in the nature of the judgment required. Asserting that none of the alternative hypoth-
eses could account for the findings is not a properly derived probabilistic assessment — it is a logical
requirement conveyed as an inevitable conclusion. However, in the empirical world, and especially in
forensic practice, such certainty cannot be achieved.”® As the PCAST-Report put it:

Troublingly, expert witnesses sometimes go beyond the empirical evidence about the frequency of features—even
to the extent of claiming or implying that a sample came from a specific source with near-certainty or even abso-
lute certainty, despite having no scientific basis for such opinions. From the standpoint of scientific validity,
experts should never be permitted to state or imply in court that they can draw conclusions with certainty or
near-certainty.”!

For instance, claiming that a finger-mark has originated from one and only one individual on earth would,
strictly speaking, requires the examiner to have surveyed every other possible finger in an error-free
examination process: a Herculean task. The judgment of ‘impossibility’ here is not the outcome of an
exhaustive analytic process but a leap of faith resting on unstated assumptions and bounded experience.
It is a logical jump that is methodologically unjustified and procedurally forbidden — an act of scientific

8 This occurs, for example, for associations of POIs with traces considered relevant to the offense, i.e. left by the offender. This also
occurs when questions of source are essentially the same as the alleged activities, as in the case of attributions of authorship for
disputed handwriting.

%0 Set aside the special situations mentioned in the above footnotes 23 and 37 and assumptions of error-free examinations.

1 PCAST Report, above (n. 1), p. 54.
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imperialism. Thus, the allowance for SADs in ISO 21043-4 introduces decisions masqueraded as scien-
tific conclusions, that is, a logically unwarranted epistemic posture into a framework that ostensibly
aspires to empirical caution.®” This exception carries within it the potential to undermine the very discip-
line and methodological rigour the Standard seeks to uphold. It opens the gates to categorical claims dis-
guised as scientifically grounded opinions, which may easily then be misunderstood by legal
decision-makers as incontrovertible facts.

In this light, the said provision risks collapsing the distinction between probabilistic reasoning and
decision-making — not by defying science openly, but by quietly reintroducing outdated and discredited
forensic certainties under the rubric of individual judgment. The danger is not simply rhetorical; it is
rather methodological in nature. While one interpretation of para. 6.3 of ISO 21043-4 is that it is a formal
clause that sets a high bar and therefore should prevent extreme conclusions, it nevertheless opens the
door for practitioners to exceed what the data can bear,” while formally appearing to comply with sci-
entific standards. The prohibition against categorical expressions shaped ‘as statements of fact’ is directly
undermined by the simultaneous allowance of categorical conclusions based on an examiner’s personal
judgment of ‘impossibility’. The result is a normative framework that outwardly endorses restraint while
covertly permitting precisely what it claims to forbid.

The ISO 21043-4 thus contains this contradiction. It allows practitioners to adopt probabilistic reason-
ing but simultaneously permits categorical conclusions — provided they believe it would be ‘impossible’
for alternative propositions to account for the findings. This is like exhorting the examiner:

It’s unscientific to claim ‘certainty’, unless you feel sure.

But ‘certainty’ in this context is a fiction:

a) It cannot be empirically validated — there is no scientific method that can establish the impossibility
of findings under all alternatives.

b) It is a function of personal judgment — one can declare certainty at will. Certainty, then, is no longer
the outcome of deliberation but imposed by fiat. But epistemic justification has to be earned by giving
reasons, just as energy has to be produced.

This exposes a disturbing asymmetry. While the likelihood ratio framework responds to the
requirements of robustness, transparency and logic, the appeal to ‘impossibility’ invites unbridled
epistemic discretion: no scientific models, no assumptions, no need to articulate what alternatives
have been considered, let alone empirically investigated — just a leap into categorical assertion.
The result is a methodological loophole: forensic science claims the authority of probabilistic reason-
ing, then abandons it when convenient. ‘Impossibility’ thus becomes the gateway through which sub-
jectivity (‘the examiner’s judgement’, para. 6.3 ISO 21043-4) re-enters, shielded by the language of
scientific certainty.

There is also a pragmatic risk embedded in the ISO framework: the allowance for categorical con-
clusions, even under the guise of examiner judgment, may be perceived by fact-finders as a delegation
of responsibility. If forensic practitioners are allowed to present their conclusions as definitive — even
with internal qualifiers — fact-finders may treat these opinions as conclusive, diminishing their own
responsibility for independent assessment, especially when the ‘impossibility’ assessment relies on
supposedly special knowledge that laymen lack and may therefore be discouraged from challenging.

92 A similar stance can be observed in para. 1 of ISO 21043-4 where particular applied analytical methods (e.g., in analytical chem-
istry) are exempt from interpretation through claims of perfect analytical performance characteristics (sensitivity and selectivity).
This is analogous to the requirement set out in para. 6.3 of ISO 21043-4. See Morrison et al., above (n. 41), for a valid critique
of this idea.

%3 This is still common practice in the traditional ‘identification disciplines’ such as fingerprint, firearms and toolmark examination.
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In this way, the ISO 21043-4’s exception functions not only as a conceptual loophole but also as a
practical outlet: it may inadvertently encourage judicial actors to rely on forensic certainty where,
in truth, none can be guaranteed.

The ISO 21043-4 framework endorses categorical conclusions when it would be ‘impossible’ for any
alternative to account for the findings — yet impossibility relative to what exactly?

e Logical impossibility is unintelligible, as even implausible scenarios (e.g. a planet made of green
cheese) remain logically possible and, formally, probability (theory) does not prevent us from pla-
cing belief in such fancy propositions.

e Claims of empirical impossibility overstate the case; from a probabilistic standpoint, it is unjusti-
fied to assert that no alternative explanation could account for the findings.”*

e If ‘impossible’ means merely highly unlikely, then it is a matter of probabilities, not a categorical
conclusion (and demonstrates that one reaches beyond the available evidence), returning us to the
relevance of the likelihood ratio framework.

Over 30 years ago, D.A. Stoney expressed a moment of professional introspection when he asked,
‘What made us ever think we could individualise using statistics? > That question marked a turning
point in the field’s understanding of the epistemic limits of forensic inference. Yet today, we face a
different — and arguably more troubling — development: the institutional acceptance of categorical con-
clusions grounded in claims of ‘impossibility’. It would be unfortunate if, a generation from now, we
were compelled to ask:

What made us ever think we could accept the Trojan horse of
‘impossibility’ as an international standard for expert witness testimony?

The notion that examiners can make statements about their findings given all alternative
hypotheses represents not merely an epistemic overstatement, but a pseudo-normative sleight of
hand. It effectively disposes of the structured, probabilistic reasoning associated with likelihood
ratios and reintroduces categorical judgment under the guise of expert discretion. This shift
deserves careful scrutiny — not just for what it claims to establish, but for what it allows to bypass
unchallenged.

We submit that the standard ISO 21043-4, by permitting categorical conclusions based on
untested, indeed untestable judgments of ‘impossibility’, poses a serious threat to the rationality
and integrity of the criminal justice system. It blurs the line between empirical assessment and nor-
mative decision-making, allowing claims of subjective certainty to substitute objective evaluation. In
doing so, it not only undermines the evidentiary standards designed to protect against arbitrary fact-
finding and convictions but also distorts the role of expert testimony by encouraging epistemic over-
reach under the banner of professional judgment.

Arthur Conan Doyle once quipped: “When you have eliminated all which is impossible, then whatever
remains, however improbable, must be the truth’®® — charming advice for a detective novel, but disastrous
in a courtroom. Unlike Holmes’s fictional world, the forensic context is not closed;”’ the hypothesis space
is open-ended, defeaters abound, and the unknown unknowns are legion. Smuggling Doyle’s logic into

%% As mentioned above (n. 88), it can be shown that rounding small probabilities to zero is suboptimal, which speaks against the
practice of SAD.

9 Stoney, above (. 2).

% A. C. Doyle, The Sign of the Four, 1890, Ch. VL.

97 Relatedly, D.L. Faigman, N. Scurich, T.D. Albright, The Field of Firearms Forensics is Flawed. In: Sci. Am. (May 25) (2022),
point out that: ‘Firearms examiners suffer from what might be called “Sherlock Holmes Syndrome.” They claim they can “match” a
cartridge case or bullet to a specific gun, and thus solve a case. Science is not on their side, however.’
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the courtroom is a Trojan horse: it imports the illusion of closure into a domain that is, by its very nature,

open-ended and uncertain.

Table |. Examples of position statements regarding problematic language in forensic reporting.

Source

Phrases to use / avoid

Treatment of SADs

NRC Report (2009)°®

PCAST Report (2016)”°

ENFSI'°

AAAS Fingerprint
Report (2021)'°

National Commiission
on Forensic Science'®
Office of the Attorney
General (USA)'®
NIST (2012)'**

NRC Ballistic Imaging'®

Individualisation ‘to the exclusion of all others’

100% certainty; proof ‘to a reasonable degree of
scientific certainty;’ identification ‘to the exclusion
of all other sources’

Evaluative reports should refrain from addressing the
probability of parties’ propositions given the
findings and background information.

‘categorical conclusions of identification [...] sit
outside the scope of the document’

‘Examiners should be careful not to make statements
in reports or testimony that exaggerate the
certainty of their conclusions’

Terms like ‘match’, ‘identification’,
‘individualisation’ and their synonyms imply more
than the science can sustain.

‘reasonable scientific certainty’, a ‘reasonable degree
of scientific certainty’, or a ‘reasonable degree of
[discipline] certainty’.

‘reasonable scientific certainty’ or ‘reasonable
[forensic discipline] certainty’

‘Recommendation 3.7: Because empirical evidence and
statistical reasoning do not support a source
attribution to the exclusion of all other individuals
in the world, latent print examiners should not
report or testify, directly or by implication, to a
source attribution to the exclusion of all others in
the world’

‘to the exclusion of all other firearms in the world’

Explicitly discouraged (save
for nuclear DNA
profiling)

Explicitly discouraged

Implicitly discouraged

Explicitly discouraged

Explicitly discouraged

Explicitly discouraged

Explicitly discouraged

Explicitly discouraged

8 National Academy of Sciences, above (n. 1), p. 7, 43-44 (save for nuclear DNA analysis).
9 PCAST Report, above (n. 1), p. 19.

100 ENFSI, above (n. 21), p. 10, 18.

191 American Association for the Advancement of Science (AAAS), Forensic Science Assessments: A Quality and Gap Analysis,
Latent Fingerprint Examination (authored by: W. Thompson, J. Black, A. Jain and J. Kadane), September 2017, p. 11.

192 National Commission on Forensic Science (NCFS) — Views of the Commission, Use of “Reasonable Scientific Certainty”
(2016), https://www.justice.gov/ncfs/file/839726/d1?inline=&utm_source.
193 DOJ Attorney General Memorandum (September 6, 2016). Online available: https:/shorturl.at/hEA4V.

104 NIST (2012). Latent Print Examination and Human Factors: Improving the Practice through a Systems Approach. Expert
Working Group on Human Factors in Latent Print Analysis, U.S. Department of Commerce, National Institute of Standards and
Technology, p. 72.

105 National Research Council, Ballistic Imaging (2008), available at http://www.nap.edu/catalog.php?record_id=12162 (last
accessed: May 2026).
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