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A B S T R A C T

Scientific evidence plays an important role in criminal justice. Recent technological developments including the 
use of AI and advanced computational forensic software have made possible forensic examinations and expert 
opinions that previously would have been impossible. Alongside benefits, the use in criminal trials of forensic 
evidence based on computational technologies such as Probabilistic Genotyping (PG) DNA, is posing difficult 
problems for courts and has been met with controversy. This study focuses on one important aspect of the 
criticism surrounding the use of PG DNA evidence, which relates to the probabilistic reporting of the forensic 
evidence results. It explores whether the use of likelihood ratios to report evaluative expert opinions infringes the 
presumption of innocence. This is a fundamental question that concerns not only evidence based on advanced 
computational technologies such as PG DNA but all forensic disciplines where the use of likelihood ratios and 
probabilistic assessments of the evidence are being actively promoted. This article argues that the criticism on the 
use of probabilistic methods for evidence evaluation encountered in legal practice, scholarly debate, policy and 
legal reform documents, is founded on misunderstandings of the role and limitations of the forensic evidence, of 
the processes involved in arriving at an evaluative expert opinion, as well as of the meaning and scope of the 
presumption of innocence itself. An enhanced understanding of these fundamental issues will lead towards a 
better regulation of AI and forensic algorithms across jurisdictions, without diminishing the impact of the sci
entific evidence in criminal proceedings and beyond.

1. Introduction

Forensic science plays an essential role in the prevention, investi
gation, and prosecution of crime. Advancements in science and tech
nology have led to the evolution and refinement of forensic methods and 
techniques, and of the evidence produced as a result. The use of AI, 
computational algorithms and of probabilistic methods for the evalua
tion and reporting of the results are actively being promoted across 
several areas of forensic science including DNA profiling, fingerprinting 

systems, digital forensics, facial recognition, iris recognition, voice 
analysis, handwriting comparisons and friction ridge pattern disci
plines.1 As new forms of evidence are entering criminal proceedings the 
level and type of contribution that a forensic expert can give in the 
context of criminal proceedings has also been evolving. The use of 
various types of purposely developed computational forensic software2

has enabled the forensic analysis of evidence that previously would have 
been impossible to be done via traditional methods.

One example of the use of advanced computational algorithms in 

☆ This research is supported by a British Academy Grant SRG2324\241176 for the project ‘Evaluating the Impact of Forensic Evidence based on AI technologies in 
Criminal Proceedings’.

E-mail address: O.Sallavaci@essex.ac.uk. 
1 On the use of AI and algorithms see e.g. Refs. [1,2]. Probabilistic methods for evaluative expert reporting will be discussed further below. See e.g. Ref. [3].
2 The term ‘‘computational forensic software’’ means software that relies on an automated or semiautomated computational process, including one derived from 

machine learning, statistics, or other data processing or artificial intelligence techniques, to process, analyze, or interpret evidence – see Ref. [4].
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forensic science is Probabilistic Genotyping software (PG DNA) which is 
considered as one of the most recent advancements in forensic DNA 
analysis.3 Over the past decade, developments to both chemistry and 
detection technology have resulted in more sensitive DNA profiling 
techniques, leading to the generation of complex mixtures with multiple 
contributors and profiles exhibiting artefacts making the forensic anal
ysis and interpretation particularly complex. DNA samples recovered 
from crime scenes and physical objects are far from pristine. The abso
lute amount of DNA present and the relative amount contributed by the 
various contributors can differ significantly. Uncertainties regarding the 
number of contributors to a DNA mixture, allele sharing among con
tributors, allelic drop-out or drop-in, the presence of stutter, and the 
phenomenon of degradation are all factors that result in the complexity 
and limitations of the DNA mixture analysis.4

The use of PG software enables the interpretation of more complex 
low level and higher order mixtures that were previously considered too 
complicated. PG DNA uses “biological modelling, statistical theory, 
computer algorithms, and probability distributions to calculate likeli
hood ratios (LRs) and/or infer genotypes for the DNA typing results of 
forensic samples” [13]. The software performs hundreds of thousands of 
calculations, which cannot be performed by hand and weighs potential 
genotypic solutions for a mixture by utilizing more DNA information 
and accounting for uncertainty in random variables within the model, 
such as peak heights [13]. The software then generates likelihood ratios 
(LRs) to express the weight of the DNA evidence given two user defined 
propositions and the number of contributors, which is selected by the 
analyst.5 The use of PG software to conduct analysis of complex mixtures 
arguably offers efficiency and increased objectivity by reducing sub
jective, human decision making, in various aspects of the technical 
analysis.6

Alongside benefits however, the use in criminal proceedings of 
complex forensic evidence based on advanced computational technol
ogy such as PG DNA continues to present challenges for the judicial 
system and has been met with controversy.7 Courts across different ju
risdictions are having to not only adjudicate complex legal questions, 
but also have to consider increasingly complex technical and scientific 
issues in order to determine the admissibility and probative value of 

such evidence. This article is based on this author’s broader research8

which examines challenges related to the foundational validity of AI and 
algorithmic based forensic methods, their transparency,9 interpret
ability, complexity, as well as their impact on disclosure, access to 
expertise, the principle of confrontation, due process and fair trial rights. 
These aspects present difficult evidential and procedural challenges that 
affect not only the admissibility and weight of forensic evidence pro
duced through advanced computational technologies, but also the 
fundamental rights and principles of the criminal justice.

To date, attention from scholars, practitioners and policymakers has 
principally been given to the use of AI by law enforcement authorities 
(LEAs), for intelligence and investigative purposes, risk assessment and 
pretrial decision making.10 The use of AI, algorithms and advanced 
computational technologies in forensic science to produce evidence 
which is adduced in criminal proceedings, directly affecting the lives of 
the concerned individuals and the societal values embedded in criminal 
justice principles and procedures, remains an underexplored area. This 
author’s research seeks to contribute to the dialogue that must take 
place among key stakeholders in the general interest of the development 
and refinement of AI and forensic computational technologies and the 
regulation of their application conform the criminal justice standards 
and requirements. Regulation of these technologies by litigation alone is 
not desirable and it should not be entirely left to the post-hoc testing of 
reliability in the context of a criminal prosecution, where the ultimate 
question is the guilt or innocence of the accused.

Based on an extensive review of the litigation practice, scholarly 
debate, policy and legal reform papers, this article focuses only on one 
important aspect of the controversy surrounding the use of PG DNA 
evidence in criminal trials which concerns the expert’s use of the 
probabilistic assessments and the likelihood ratio (LR) approach for the 
evaluative reporting of the strength of forensic evidence. Critics of this 
approach claim that the LR appears (emphasis added) “to answer the 
question the jury is trying to answer”11 and that “by purporting to 
represent the relative likelihood of the lab’s proposed defence hypoth
esis against the proposed prosecutor’s hypothesis, LRs usurp the jury’s 
function in a criminal trial, conflict with the presumption of innocence, 
and undermine the requirement that the prosecutor bears the burden of 
proving each and every case beyond a reasonable doubt.”12 Most 
importantly, critics call that LR ratios such as those used in PG DNA 
(should) “have no place in criminal trials”13 indicating that the con
troversy is much broader, surpassing the confines of PG DNA to other 
forms of forensic evidence that adopt similar probabilistic approaches 
for evidence evaluation. This is also evident as the criticism supposedly 
directed solely to the use of LRs in the context of PG DNA,14 encom
passes other, more general aspects of the use of LRs such as the use of 
Bayesian approach of evidence evaluation in criminal trials, the use of 
Bayes theorem to combine the evidence in the case and more generally 
the use of statistics in criminal trials, rehashing well publicised ‘trial by 

3 For an introduction see Ref. [5]. Some definitions of AI cover software 
packages that use data analysis, statistical and logic-based approaches, without 
necessarily needing to use machine learning; see e.g. Ref. [6] according to 
which “Probabilistic genotyping (PG) is the use of artificial intelligence algo
rithms to analyze DNA samples collected in police investigations or criminal 
prosecutions”. A broad definition of AI is also adopted in the EU AI Act [7]. In 
the context of DNA mixtures, machine learning software is developed eg. to 
determine the number of contributors, see Refs. [8–10].

4 Dropout is a consequence of low template, degraded, or inhibited DNA that 
results in partial DNA profiles, where the DNA from one or more contributors is 
not present at all loci. Drop-in is the presence of low amounts of DNA within a 
profile that are not inherent to the DNA extract. Stutter is a by-product of the 
amplification of the STR loci whereby a minor product, typically one repeat 
smaller than the primary allele is generated.See Refs. [11,12].

5 For a review see Ref. [14]. Some programs (such as STRmix) allow a range 
of values to be entered. Currently, PG software can routinely perform LR cal
culations up to four person mixtures, however, some programs can, to date, 
perform five and six persons mixture calculations. See Refs. [15,16].

6 See Ref. [5]. PG is a tool to assist the DNA analyst in the interpretation of 
forensic DNA typing results and is not intended to replace the human evaluation 
of the forensic DNA typing results or the human review of the output prior to 
reporting, see Ref. [13].

7 It can be argued however that many of these challenges are not very 
different from the ones courts traditionally have faced when novel type of 
forensic technologies and evidence were first introduced in criminal pro
ceedings. The validity of scientific techniques is challenged from time to time, 
and novel forms of evidence or innovative applications of established tech
niques are especially likely to attract adversarial objections and closer judicial 
scrutiny, see Ref. [17].

8 Research project ‘Evaluating the Impact of Forensic Evidence based on AI 
technologies in Criminal Proceedings’ partially supported by a British Academy 
grant (2024–25). This author’s broader study is based on a legal analysis of a 
sample of 80 court cases related to PG DNA in four common law jurisdictions 
(US, Canada, Australia and the UK), an extensive literature review and a series 
of interviews with forensic, law enforcement and legal practitioners on the 
impact of AI and probabilistic reporting of evidence in criminal proceedings.

9 Several forensic programs operate as black box with no access to source 
code. For a discussion from the PG context see e.g. Refs. [18–20]. More broadly 
on the opacity of machine learning algorithms see Ref. [21].
10 See e.g. Refs. [22–30].
11 [31] at p. 112.
12 Ibid. See also [6] criticising the use of the LR approach adopting similar 

arguments.
13 [31] p.133.
14 [31] p.112 - see at footnote 2.
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mathematics’ discussions.15

It is imperative to address this criticism for several reasons. Firstly, 
the LR approach as it will be discussed below forms the basis of forensic 
evaluative practices in several disciplines and is actively promoted 
across the forensic sector.16 This author posits that the use of forensic 
technologies, methodologies, and any resulting contribution of forensic 
science in criminal proceedings should only take place in accordance 
with the procedural rules and in line with the fundamental values and 
principles of criminal justice, particularly the presumption of innocence 
(hereafter POI), due process, and fair trial rights. From this perspective 
this study examines whether the LR approach for evaluative expert opinions 
infringes the presumption of innocence, as one of the most fundamental 
principles of criminal justice.

In order to adequately address this question, it is important initially 
to establish a theoretical framework on the meaning and scope of POI 
based on the way it manifests in the criminal justice processes. This is in 
and of itself an area of controversy and debate. Any attempt to reconcile 
the scholarly controversy surrounding the definition and the scope of 
POI is not only beyond the limits of this article but also arguably futile. 
Section 2 of this study introduces a framework of POI which meets the 
aims of and serves as a theoretical basis for this research. The following 
analysis and discussion aim to contribute to the current theoretical 
debate on POI through a legal interpretation of the significance of POI 
from the perspective of forensic evidence and the use of evaluative 
expert opinions in criminal proceedings.

Secondly, this article aims to expose and clarify several mis
conceptions concerning the way forensic evidence generally, and PG 
DNA specifically is produced, evaluated, reported and subsequently 
used in criminal trials as well as the role of the expert, court and parties 
in criminal proceedings. To that effect, sections 3, 4 and 5 throw light on 
the confusion surrounding the limitations, significance and weight of 
forensic evidence and its impact for the trial process and make recom
mendations how it should be addressed. This clarification is particularly 
important and necessary as misconceptions encountered in litigation 
practice17 and in academic commentary18 are also appearing in policy 
papers and reform recommendations.19 The danger is that such confu
sion concerning fundamental aspect of forensic evidence evaluation 
could result in counterproductive procedural changes and regulatory 
reforms aimed at AI based forensic evidence, that may undermine other 
important initiatives made by the scientific community over the recent 
years to ensure that the best evidence is presented in court in accordance 
with the standards of logic and proof, and ultimately the interests of 
justice.20

The difficulties surrounding the use of complex forensic evidence in 
criminal trials and the need to regulate the use of forensic computational 
technologies in criminal justice cannot be ignored. The following sec
tions propose that the challenges arising require any jurisdiction to 
address at least three key aspects: a. the sufficiency of existing evidential 
rules to regulate the admissibility of forensic evidence including those 
based in forensic algorithm technologies; b. the regulation of forensic 
algorithm technologies (and forensic technologies generally) to promote 
their validity, transparency, accountability and respect for the criminal 
justice fundamental principles; c. expert reporting and evidence recep
tion in court through improved communication between stakeholders at 
various stages of the criminal justice process, continuous training and 

education. Through the identification and clarification of the mis
conceptions observed in the criticism of the use of the LR approach for 
the evaluation of PG DNA results and beyond, this article seeks to 
contribute to a better regulation of the AI and computational forensic 
technology in criminal justice in a manner that does not diminish or 
unproportionally affect the role and contribution of the scientific evi
dence in criminal proceedings.

2. Interpreting the presumption of innocence

Prior to embarking on an analysis whether the evaluative reporting 
of forensic evidence based on the Likelihood Ratio (LR) approach – 
similar to that used in PG DNA analysis - affects the presumption of 
innocence (POI), it is important to establish a foundational theoretical 
framework concerning POI that clarifies its meaning and refers to the 
way it is manifested in the criminal justice processes where the work of 
an expert is involved. In absence of a clear scope and definition POI is 
prone to misuse and misinterpretation. As Roberts puts it: “Claims that a 
particular legal doctrine or official practice offends the presumption of 
innocence might be little more than visceral reactions to perceived—but 
unanalysed, unexplained and unrationalised—intuitions of 
‘unfairness.”21

There are undeniable differences in the interpretation of POI in 
theoretical debate which become particularly problematic in interdis
ciplinary discussions. The difficulties of ‘setting aside one’s disciplinary 
assumptions’22 become obvious when scientific, technical, legal con
cepts, doctrines and practices come together in the context of criminal 
justice.23 As argued in depth elsewhere, these disciplines ‘speak different 
languages’, adhere to different rules and principles, make different as
sumptions which in turn produce tensions that become manifest in the 
criminal trial setting and are difficult to reconcile [17]. However even 
within the same discipline such as law, there are differences regarding 
the meaning and conceptualisation of the same principles which become 
more evident in cross jurisdictional research. This is partly due to the 
terminology as “the same terms are being used with different meanings, 
and … different terms being used to mean the same thing”24 and party 
due to differences in procedural rules, principles and values of different 
legal systems.

While doctrinal propositions always relate to particular territorial 
jurisdictions, some are general enough and apply to most of the world’s 
legal jurisdictions.25 The presumption of innocence is one such, 
centuries-old, principle which is broadly recognised. It is an integral 
component of the ‘fair trial’ rights recognised in contemporary inter
national human rights treaties, such as the European Convention on 
Human Rights (ECHR) and the International Covenant on Civil and 
Political Rights (ICCPR)26 and upholds the status of a constitutional 
principle in many jurisdictions across the world.27

The criticism related to the use of LRs, addressed in this article, arises 
from the perspective of the common law tradition litigation practice – 
specifically that on the admissibility of PG DNA evidence in criminal 
cases – therefore the discussion of POI as a legal principle will be from 
that same perspective. POI however embeds core values that are 

15 [31] relies in great part to the criticism raised by Refs. [32–36].
16 See Refs. [3,37].
17 E.g [38].
18 see e.g. [31].
19 see e.g. [6].
20 Such initiatives include guidelines for evaluative reporting in forensic sci

ence [3] based on Case Assessment and Interpretation guiding principles, which 
at the heart have the (same) LR approach as the one used for PGDNA, see Refs. 
[39,40].

21 [41] at p.8902.
22 Ibid.
23 For an in-depth discussion see [17].
24 [41] at p.8902.
25 [41] at p.8907.
26 See Refs. [42,43]. Article 6(2) of the ECHR provides that: ‘Everyone 

charged with a criminal offence shall be presumed innocent until proved guilty 
according to law.’ In almost identical terms ICCPR Article 14(2) provides that: 
‘Everyone charged with a criminal offence shall have the right to be presumed 
innocent until proved guilty according to law’. See also [44] The Charter of 
Fundamental Rights of the European Union (2007/C 3003/01), Article 48: 
Presumption of innocence and right of defence.
27 For an analysis of the principle see Ref. [45].
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recognised and shared more broadly across jurisdictions even though 
the institutional instantiation of those values may vary.28 Addressing the 
normative value of POI from a broader perspective is therefore impor
tant as the forensic practices analysed in this study cross jurisdictional 
boundaries. Forensic case assessment and interpretation including the 
use of LRs to reach expert evaluative opinions on the strength of the 
evidence are equally promoted and followed by forensic practitioners in 
jurisdictions pertaining to common law29 and civil law30 traditions. It is 
beyond the scope of this article to examine whether specific jurisdic
tional differences, especially between adversarial and inquisitorial sys
tems, may provide grounds for a (perceived) different level of impact (if 
any) of such forensic practices on POI, however it is recommended that 
this aspect be pursued elsewhere.31 One observation can be safely made 
in that the litigation practice is richer and much more significant in 
those jurisdictions where the rules of evidence provide for clear 
admissibility criteria based on the reliability of the scientific methods 
used by the expert.32

While international human rights instruments clearly assert adher
ence to POI, they do not specify what it entails. In English criminal 
procedure the values encapsulated in the POI have traditionally found 
their doctrinal expression in judicial treatments of the burden and 
standard of proof. As per Viscount Sankey LC speech in Woolmington v 
DPP: ‘Throughout the web of the English Criminal Law, one golden 
thread is always to be seen, that it is the duty of the prosecution to prove 
the prisoner’s guilt … If, at the end of and on the whole of the case, there 
is a reasonable doubt … the prosecution has not made out the case and 
the prisoner is entitled to an acquittal ’.33 Similarly, in 1895, the United 
States Supreme Court declared that ‘The principle that there is a pre
sumption of innocence in favour of the accused is the undoubted law, 
axiomatic and elementary.’34 In its landmark Winship opinion, the Su
preme Court found that the requirement of proof beyond reasonable 
doubt is mandated by the Due Process Clause of the Fourteenth 
Amendment: “The reasonable-doubt standard plays a vital role in the 
American scheme of criminal procedure. It is the prime instrument for 
reducing the risk of convictions resting on factual error. The standard 
provides concrete substance for the presumption of innocence—that 
bedrock ‘axiomatic and elementary’ principle whose ‘enforcement lies at 
the foundation of the administration of our criminal law.”35

While there is general consensus that POI is normatively significant 
and plays a central role in discussions concerning fair trial rights and due 
process, there has been considerable academic debate on the scope of 
this safeguard.36 A number of commentators argue in favour of a ‘nar
row’ or ‘thin’ procedural interpretation of POI according to which the 

latter only concerns the distribution of probative burdens and standard 
of proof as trial procedural devices for allocating the risk of error in the 
adversarial criminal adjudication.37 These ‘orthodox’ doctrinal in
terpretations equate POI with the concept of the burden of proof and 
evidentiary presumptions.38 Other commentators approach the concept 
of POI from the perspective of penal or normative theory and argue that 
the presumption should be accorded a substantive as opposed to a solely 
procedural role, thus influencing the definition of criminality itself.39

According to what is termed as a ‘substantivist’ approach, POI has im
plications for criminalization in the sense that the presumption is 
violated when a person is convicted of conduct that should not be sub
ject to punishment.40 In similar lines commentators supporting ‘expan
sive proceduralism’ and the ‘purpose theory’ maintain that the 
presumption has some influence on the definition of criminality.41

These theoretical interpretations of POI however have been met with 
criticism and are seen as lacking doctrinal impact considering the 
practical reality of criminal proceedings.42 Advocates of a narrow, 
procedural reading argue that it gives the POI a clearer and more specific 
meaning that expresses a concrete categorical right, whereas broader 
interpretations “risk turning it into empty rhetoric that can do no sub
stantial work in constraining the exercise of state power”.43 According to 
Lippke “A bewildering variety of claims have been made about the 
meaning and implications of the presumption of innocence in criminal 
law. Given its apparent elasticity, it is natural to wonder whether the 
presumption is an honorific concept, one that is mostly empty and 
therefore adaptable to the needs and interests of legal theorists of 
diverse kinds.”44 In turn therefore “POI ought to be confined to the trial 
context, where what it means, how it functions, and what are the con
sequences of its rebuttal can be tolerably well-defined and defended …. 
Only in the trial context does a full-on presumption of innocence, on the 
part of those tasked with rendering verdicts, have a defensible role to 
play.”45

On the other hand, however, this ‘narrow’ or ‘thin’ conceptualisation 
of POI is problematic because it does not fully capture the role and 

28 [46].
29 Also referred to as the Anglo - American tradition, see Ref. [47].
30 Also referred to as the ‘continental tradition’ [47].
31 The criticism of the LR approach in PG cases in terms of presumably 

infringing the POI, comes primarily from the US and Canadian jurisdictions as 
opposed to European jurisdictions. The promotion of the use of LR evaluative 
opinions has been especially significant in European jurisdictions which also 
pertain to different procedural traditions albeit core values of criminal justice 
including POI are similar.
32 Particularly in the US where e.g. the Daubert standard specifically concerns 

the reliability of the expert evidence adduced in a case and the judge acts as a 
gatekeeper [48]. For a discussion from the perspective of English law see Refs. 
[17,49,50].
33 [51], at 481, per Viscount Sankey. The ‘the golden thread’ is considered as 

a ‘constitutional’ principle of English criminal law; ‘the Woolmington princi
ples’, referring both to the allocation of the burden of proof and to the standard 
of proof, are the English law’s predominant institutional manifestation of the 
presumption of innocence. For a discussion see Ref. [45].
34 [52] at 453.
35 [53], quoting [52].
36 For a brief review of alternative views and a discussion of POI from the 

context of reverse burdens see Ref. [54].

37 Ibid.
38 See Ref. [45] p.239; [55–57]. See further below.
39 See e.g. Refs. [58–62] at 133–137.
40 See Ref. [54]. Under this reading, the presumption of innocence would 

confer upon the courts the power to scrutinize the legislator’s criminalization 
choices, possibly based on substantive principles that are entrenched in crim
inal law discourse, e.g. the voluntary act requirement, the fault principle, and 
the principle of proportionality between crime and punishment. By doing so, 
courts would safeguard innocence, where this concept is understood as the 
status of an individual who has not committed conduct deserving of punish
ment, see Ref. [59] at 1370–1379.
41 According to the ‘proceduralist’ view, POI is violated when an element of 

the crime is not proved regardless as to whether the conduct, with or without 
this element is deserving of punishment, [54]. See Refs. [63–66].According to 
the ‘proceduralist’ view, POI is violated when an element of the crime is not 
proved regardless as to whether the conduct, with or without this element is 
deserving of punishment, [54]. See Refs. [63–66].According to the ‘purpose 
theory’ POI is violated when a person is convicted for conduct that is not the 
real aim of the lawmaker. A reverse burden is incompatible with the pre
sumption of innocence if the occurrence of the particular fact that the defendant 
is required to prove would make the conduct fall outside that which the 
lawmaker intends to punish, see Ref. [54];see also [67 – 68] and [69] in 
particular, at 9–11, 13–16.
42 [41] at p. 8910 notes the possibility of (limited) substantive effect in legal 

systems, such as the USA, where proof beyond reasonable doubt is con
ceptualised as being mandated by federal constitutional due process. See Refs. 
[59,70,71].
43 [46]. See e.g. Ref. [72]. See also [73] for a similar narrow view according to 

which POI must be differentiated from the privilege against self-incrimination 
and the right to silence.
44 [72] p.11.
45 [72] pp. 4, 9.
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significance of the principle beyond the confines of the criminal trial as 
manifested into the practices of the criminal justice process. As Roberts 
and Zuckerman put it: “A purely doctrinal approach cannot fully capture 
the full significance of the burdens and presumptions in modern criminal 
adjudication. It does not clarify the structural relationships between 
burdens of proof and adversarial criminal procedure. Nor does it address 
the presumption of innocence as a human right enjoying constitutional 
protection in many domestic legal systems.”46 Advocates of a broader 
interpretation argue that POI incorporates all the demands of due pro
cess [74] that it applies to pre-trial detention and post-conviction 
practices beside the trial process itself [75,76] and that should be con
ceptualised as “an aspect of a broad ‘principle of civility’ that governs 
our civic dealings with each other” [77]. Therefore, “if we are to un
derstand the significance of the POI within the criminal trial, we must 
see it as an expression of deeper values”47 and “only by exploring the 
political morality of the presumption of innocence can its true juris
prudential significance be appreciated.”48

The aim of this article is not to settle complex academic debates 
surrounding the scope of POI. It is however necessary to choose a 
workable definition of POI based on the purpose and the nature of the 
problem that this study seeks to investigate. “Choice of definition in this 
sense extends to the domain of the inquiry and its ‘problematic’, i.e., the 
specification and nature of the problem to be investigated or, phrased 
more generically, the research question(s) to be answered.”49 The aim of 
this article is to explore the potential impact of the LR approach of 
forensic evidence evaluation on POI. It aims to clarify any observed 
misconceptions surrounding the interpretation and presentation of 
forensic evidence in criminal trials and any ‘unjustified presumptions’ 
about the presumption of innocence itself. It is hoped that this clarifi
cation will ultimately contribute towards a better regulation of PG DNA 
and similar computational technology based forensic evidence, towards 
better founded litigation claims and improved admissibility rules, 
without infringing the potential and without undermining the contri
bution of scientific evidence and the role of the expert in criminal trials.

Critics of the LR approach, which is the focus of this article, adopt a 
narrow, procedural view of POI as manifested through the burden that 
the prosecution bears in adversarial criminal trials to prove a case 
beyond reasonable doubt. If the theoretical approach of this study were 
to be limited solely to the allocation of burdens and the standard of proof 
in criminal trials, addressing the research question as to whether the LR 
approach of forensic evidence evaluation infringes the POI would 
arguably be less challenging, as any erroneous reasoning and mis
interpretations become directly obvious. This study will however adopt 
a broader theoretical framework of the POI to capture its significance 
more fully. In line with the Roberts ‘political morality’ approach [41] 
this author sees POI operating at the level of a general principle which 
grounds several institutional doctrines and practices that concern not 
only the criminal trial itself but also criminal investigations, prosecu
tions and post-conviction procedures. As such ‘the general presumption 
of innocence … though by no means confined to the criminal law, per
vades the whole of its administration’ [78]. This broader con
ceptualisation of POI is suitable for the purposes of this study 
considering that the work of an expert and much of the contribution 
forensic practices give to criminal justice take place pre-trial. It is those 
practices that form the foundation of the evidence subsequently pre
sented on trial therefore it is necessary to question whether they are 
compatible with the requirements of POI.

POI is indeed “an expression of deeper values that should structure 
the state’s dealings with its citizens”.50 These deeper values include first 

and foremost, a commitment to protect the innocent from wrongful 
convictions, sometimes expressed as the ‘Blackstone ratio’ that “it is 
better for 10 guilty people to go free than for one innocent person to go 
to prison”.51 The normative ground of the presumption of innocence lies 
in the injustice of convicting the innocent or harming without cause any 
person’s important interests, particularly in liberty, property and repu
tation. It is the serious public wrongfulness of convicting the innocent 
that which provides justification for a range of procedural safeguards 
and judicial risk management mechanisms such as the allocation of the 
burden of proof and the asymmetric standard of proof at trial.52

The commitment to protect the innocent is organically linked to the 
aim of accurate fact-finding. Criminal trials operate under uncertainty; 
the judicial verdict should conform as nearly as possible with the truth 
which in turn requires the fact finder getting the facts as straight as 
possible “while criminal procedure manages residual forensic doubt”.53

This author supports the view that the goal of protecting the innocent is 
best achieved by enhancing the reliability and the probative value of the 
evidence presented on trial “such that apparent guilt, on the evidence, is 
reliably indicative of actual guilt, in fact.”54 Powerful forensic technol
ogies (such as DNA profiling) if valid and reliable, and providing that 
their evidential value is properly understood and interpreted by all those 
engaging with them in the criminal justice processes, have indeed the 
potential to enhance more “the accuracy of criminal adjudication 
without materially increasing the risks of mistaken convictions of the 
innocent than any marginal tinkering with formalised proof standards 
could ever hope to achieve”.55

POI is closely linked to and grounds the principle of liberty or min
imum state intervention and the principle against self-incrimination 
[45]. The normative core of POI is the injustice committed by offi
cially and publicly condemning a person for a crime of which they have 
not (yet) been convicted and of which they might be innocent. The POI 
entails that the formal process of criminal adjudication must not be 
side-stepped or pre-empted and precludes officials from treating any 
person as though they are guilty of a crime when they have not been 
formally convicted of it.56 It serves to limit officials’ intervention in life, 
liberty, security and property in the exercise of lawful powers to prevent, 
investigate, prosecute and punish crime. The principle of minimum 
intervention underpins many of the guarantees for suspects regarding 
the collection and admissibility of the evidence57; the reasonable 
expectation that innocent people come forward with their exculpatory 
explanations if they have any; the police duty to search for exculpatory 
as well as incriminating evidence, the prosecutor’s application of the 
‘realistic prospect of conviction’ test [81] 58 in deciding whether to 
continue with a prosecution and the judicial power to direct an acquittal 
without hearing from the defence, where there is ‘no case to answer’.59

Closely related to POI is the principle of humane treatment reflected 
in the rules of evidence affording the accused a fair opportunity to 
answer charges against them whilst at the same time respecting their 
right to remain silent and placing the burden of proof on the prosecu
tion. This means ‘treating the accused as thinking, feeling, human sub
jects of official concern and respect, who are entitled to be given the 
opportunity to play an active part in the procedures that have a direct 

46 [45] p.240.
47 [46] p.171.
48 [45] p.240.
49 [41] p. 8903.
50 [46] p.171.

51 see Ref. [79] (1765: Book IV, ch. 27).;.9.
52 [45] p.239.
53 [45] p.20.
54 [41] p.8913.
55 [41] p.8913.
56 Similarly, from treating a legally innocent person as if they were convicted 

see Refs. [46,80].
57 See for example Police and Criminal Evidence Act 1984.
58 According to Ref. [81] in England and Wales, where there is no realistic 

prospect of conviction on the evidence, proceedings must be discontinued, in 
line with s 23 of the Prosecution of Offences Act 1985 [82].
59 See Ref. [83] Criminal Procedure Rule 25.9 (2) (e).
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impact on their lives, rather than mere objects of state control to be 
manipulated for the greater good’.60 Defendants in criminal trials are 
not to be seen merely as objects of a judicial inquiry that aims to 
determine whether they are guilty of the crime charged, but as active 
participants in the process who, alongside rights and protections also 
incur material, psychological and normative burdens in virtue of their 
role as defendants [46]. A defendant (generally) must attend trial and is 
summoned to answer to the charge, to answer for his conduct if it is 
proved that he committed the crime, and to accept (and respond 
appropriately to) the court’s verdict [46]. While defendants are not le
gally required to say anything in their own defence, they risk conviction 
if they do not respond to the prosecution case or offer a defence if the 
prosecution proves the commission of the offence. ‘Defendant’ is thus a 
distinctive normative role, with its own particular rights and re
sponsibilities which manifest in various forms in different stages of the 
criminal justice process [46].

All these values together ground a broader conceptualisation of POI 
as a principle of political morality [41] based on which the following 
sections will address the key question that this study seeks to answer, 
that is, whether the LR approach for forensic evaluative reporting in
fringes POI. First it is important to set out the key aspects of the LR 
approach, to which the attention now turns.

3. Understanding likelihood ratios (LRs)

The use of LRs is a central element of the evaluative reporting of 
forensic evidence [37,39,84] widely being promoted across the forensic 
science sector with the aim of improving the quality of the scientific 
work underpinning expert reports and the communication of the value 
and the limitations of the forensic findings to the criminal justice 
stakeholders including police, lawyers, judges and juries. Over the past 
decades, the formulation of standard, common principles of forensic 
science evaluative reporting that can be shared across disciplines has 
been an important step towards achieving these aims.61 Evaluation of 
forensic findings for the purpose of criminal proceedings uses proba
bility as a measure of uncertainty and it is based on the assignment of a 
LR.62 Probabilistic calculations initially were widely perceived by the 
legal community as a special characteristic of DNA evidence.63 Tradi
tionally, other forensic disciplines including fingerprinting claimed to be 
able to identify individuals as the unique source of physical evidence.64

In the past decades however, concerns have been raised over the high 
reliance on subjectivity, lack of statistical foundations supporting the 
interpretation of results, as well as over the expression of conclusions 
asserting a level of certainty that implies infallibility.65

There has been a “growing realisation that all scientific evidence is 
probabilistic and that no current forensic technology supports unique 
identification of individuals with their probabilistic foundations con
cealed in binary concepts such as match/no match”.66 The forensic 
community gradually begun to address the “transparency deficit” in 
other areas of forensic disciplines beside DNA, calling for the intro
duction of probabilistic reasoning and the use of validated statistical 
methods into forensic practices to formally recognize and articulate the 

uncertainties inherent in forensic interpretation and to reduce the heavy 
reliance on subjective judgment.67 A number of reputable efforts have 
been made to explore the optimal approach for expressing forensic 
conclusions to facilitate lay fact-finders’ interpretation68 and to intro
duce probabilistic models, often through the use of computational al
gorithms, to provide statistical foundations to the analysis and 
evaluation of evidence.69

Understanding the proper context of the introduction of the LR 
approach across the forensic sector is important because it has been 
(mis)interpreted by critics70 as laboratories’ and prosecution’s search 
‘for ways to give some sort of quantitative evidentiary weight’ to results 
which otherwise would have been inconclusive.71 In the case of PG DNA, 
there has been a gradual shift over the past two decades to the LR 
approach for evidence interpretation in order to address the shortcom
ings of the earlier methods.72 The concept of Random Match Probability 
used in relation to the interpretation of single person DNA profiles is not 
applicable to mixed profiles and Low Template DNA profiles for which 
multiple genotype probabilities are assigned and factored in the calcu
lation of the LR.73

A LR is a measure of the relative strength of support that particular 
findings (also referred to as observations or evidence) give to one 
proposition (also referred to as hypothesis) against a stated alternative 
[37,99]. It is defined in terms of the ratio of two conditional probabil
ities: (i) the probability of the findings given that one proposition is true 
and given the conditioning information; and (ii) the probability of the 
findings given that the other proposition is true and given the condi
tioning information. In other words, the LR is not a probability but 
rather a ratio of two conditional probabilities74 that evaluates the evi
dence (i.e. forensic observation of findings) given two (or more pairs of) 
alternative, mutually exclusive propositions which in the context of a 
criminal case usually represent the respective views of the prosecution 
and of the defence.75 LR can be expressed as follows: 

LR = p (E|H1, I) / p (E|H2, I)                                                              

where LR stands for likelihood ratio, ‘p’ means probability, E stands for 
evidence (or observation e.g. a DNA profile) and H1 and H2 are the 
opposing propositions. These propositions are formulated based on the 
case context (also referred to as case information or the ‘framework of 
circumstances’) that is the conditioning information denoted here by I. If 
LR is more than 1, the evidence supports H1; if it is less than 1 it tells 
against H1 and supports H2. If the ratio is exactly 1, then the evidence is 
neutral, i.e. equally likely under both opposing propositions. The 
strength of the evidence is thus measured by how much LR differs from 1 
in either direction.

Probabilistic genotyping programs rely on models that seek to 

60 See Ref. [45] p.22.
61 See Refs. [85,86]. These standards are adopted in Ref. [3]. See also [40,87].
62 [3] p.6. See also [40].
63 When interpreting single-source DNA samples for example, the statistical 

analysis of a match between the evidence and the person of interest (POI) can 
be expressed in the form of a Random Match Probability (RMP) or the Likelihood 
Ratio (LR). The RMP estimates the probability of a matching DNA profile (not 
the person of interest’s) within a chosen population. On LR see below [14,17,
88].
64 [88,89] p.15. For the current persistence on this approach among finger

print examiners see Ref. [90].
65 See Refs. [91–93] at p. 348. See also [94].
66 See Ref. [88] at page 15 [95].

67 [91–94,96].
68 For a review see e.g. [97].
69 See [95].
70 Arguably ‘only’ from the perspective of PG DNA evidence but this is 

debatable as pointed out in the introduction.
71 See Ref. [31] e.g. at p.118 and p.120.
72 For a historical perspective see Ref. [5]. See Ref. [98]; the commission 

recommended the LR approach as the preferred method for profile interpreta
tion over the CPI or RMNE method partly due to their wastefulness of infor
mation. The LR approaches were recognised as the only method that could 
assess stutter and dropout probabilistically. The report gave guidance on DNA 
profile interpretation and recommended the use of a stochastic threshold when 
interpreting low-level DNA mixtures.
73 [88] p.93.
74 According to Ref. [3] the two conditional probabilities forming the likeli

hood ratio shall be assigned based on published data or a body of data that can 
be made available for peer review. Additionally, and in the absence of such 
data, experience or knowledge may be used. In any case all bases used should 
be disclosed.
75 These concepts have been discussed in detail elsewhere; see e.g. [3,17,100].
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explain some of the inconsistent results in DNA testing, including sto
chastic effects76 by using biological modelling that will predict when, 
where, and how often these effects occur77 and by using the LR 
approach. The LR approach enables the analyst to take into account for 
example whether the observed missing allele are because the defendant 
is not a contributor to the mixture or because of allelic drop-out; or if two 
of the observed defendant’s alleles are the same as in the mixture but are 
of a different size, is it because the defendant is not a contributor to the 
DNA mixture or because of peak high imbalance [103].The use of the LR 
approach accounts for stochastic effects which contributes to a greater 
accuracy of the evidence and may benefit the defendant. As it has been 
pointed out the LR approach “represents a shift away from other sta
tistical approaches such as the combined probability of inclusion where 
labs would merely throw out exculpatory data when allelic drop-out was 
suspected.”78

It can be argued that an enhanced accuracy and ability to consider 
and account for exculpatory (aspects of) evidence is one of the major 
contributions of the PG DNA methods, which is certainly compatible 
with POI. Undoubtedly these methods need be reliable, valid, trans
parent, and explainable to deliver this contribution, however this is a 
discussion that needs be made in detail elsewhere. As noted above, 
enhancing the accuracy of the verdict is one of the main contributions 
that forensic science can make to delivering justice and to upholding the 
presumption of innocence. Views that LRs are used to “give some 
prosecutorial value to evidence that would otherwise be reported as 
inconclusive”79 are dangerous and based on a limited understanding of 
what LRs mean, and how the admissibility of forensic evidence should 
be regulated. Advocating in favour of inconclusive results, as opposed to 
forensic technological advancements that enable expert analysis that 
previously would not have been possible, does not serve the interests of 
justice nor does it promote respect for the presumption of innocence. 
The admissibility of complex pieces of evidence, of limited or specific 
probative value such as DNA mixtures, should be controlled via the 
respective legal mechanisms and evidentiary rules. Calls for the inad
missibility of the evidence because it incorporates the LR approach to 
express the strength of the evidence (which could still result as incon
clusive or insignificant) lack legal and logical foundation.

3.1. PG DNA and the ‘prosecutor’s fallacy’

The outputs of all PG software used for DNA mixture analysis are 
expressed in the form of LRs. As explained above the LR is a ratio of the 

probability, the probability density, or quantities proportional to either 
probability or density of some specific observations (i.e. findings) when 
considering two alternative (i.e., mutually exclusive) propositions [15]. 
This is extremely important and need be properly understood as often by 
mistake the LRs are referred to as the ratio between two hypotheses 
rather that of the probabilities of obtaining the observation/evidence 
given the two opposing hypotheses. This is known as the ‘prosecutor’s 
fallacy’ or the fallacy of the ‘transposed conditional’ which unfortu
nately is still routinely made not only by lawyers and lay persons but 
also by experts themselves.80

The impact of fallacious reasoning is of great significance when one 
considers any implications for the POI as it implies that the expert is 
reporting on the probability of the hypothesis, thus addressing what the 
court/fact finder ought to address. This is however incorrect because the 
expert is reporting on the probability of the observation given the 
proposition instead. As the court noted in State v Lewis [104]: 

“It is of critical importance to understand what the likelihood ratio 
represents and what it does not represent. The likelihood ratio is not 
a statistic of inclusion or exclusion. It does not measure the proba
bility that the defendant in fact contributed to the DNA mixture. 
Rather, it measures how likely the observed mixture is to occur if the 
defendant is assumed to have contributed to it than if the defendant 
is assumed not to have contributed to it. Likelihood ratios greater 
than 1 support the hypothesis that the defendant is included in the 
DNA mixture; likelihood ratios less than one support the hypothesis 
that the defendant did not contribute to the analyzed mixture. 
Depending on the magnitude of the likelihood ratio, the support for 
one hypothesis or the other is stronger or weaker.”

What can be noted in the PG criticism however is precisely this 
fallacious reasoning whereby LRs are referred to as ratio between two 
hypotheses rather than ratio of the likelihood of observing the evidence 
given each of the two opposing hypotheses: “These computer programs 
generate something called a likelihood ratio. These likelihood ratios 
purport to express the probabilistic relationship between two hypothe
ses, the hypothesis that the suspect is in the DNA sample compared to the 
hypothesis that the suspect is not included in the sample.”81 “In these 
mixed samples, the hypotheses proposed are, for example, “given this 
piece of evidence, it is x times more likely that the sample came from the 
suspect and two unknown unrelated individuals than if the sample came 
from three unknown unrelated individuals.”82 “The complicated math 
and science distracts judges, lawyers, and surely jurors from the essen
tial nature of this evidence — that it expresses the relative probability of 
two hypotheticals.”83 “The two hypotheses are compared, with a view to 
determining which is more probable.”84 “The LR that results from PG 
analysis expresses a relationship between two hypotheses in relation to 
their relative likelihood, but it does not tell us how objectively likely 
either hypothesis is in the real world.”85 “LRs are problematic because 
they present the relative likelihood that the prosecution’s hypothesis is 
correct, as compared to the defendant’s, on the issue of the originating 
identity of a DNA sample. However, disbelief of a hypothesis does not 
prove its opposite.”86

While it is true that lack of credibility or proof of one proposition 
does not prove the opposite, it is not what the expert is reporting on via 
the LR approach. The expert is not seeking to prove a specific hypothesis; 
instead, the expert reports on the strength of the evidence, its degree of 
support for either opposing hypothesis, leaving any inferences 

76 Stochastic effects are the random effects that occur in the DNA examination 
process. They are more prominent when testing low quantities of DNA. Even if a 
mixture sample has plenty of DNA for testing, one of the contributors to the 
mixture may only be present in trace amounts. Four common stochastic effects 
are: Allelic Drop-Out -when individual pieces of DNA (i.e. “alleles”) fail to be 
detected in the testing process; Allelic Drop-In - contamination of the evidence 
sample by individual pieces of DNA; Exaggerated Stutter: An “echo effect” from a 
common copying error in DNA testing. Stutter appears as an allele next to the 
true allele. While the “echo effect” in standard DNA testing is so small that it 
can easily be identified as stutter, the stochastic effects of complex DNA mix
tures often will increase the height of the stutter peak so that it can be mistaken 
as a true piece of DNA. Peak Height Imbalance: When pieces of DNA (alleles) 
from the same person at the same genetic location are copied so randomly that 
they are not of the same size. Peak height imbalance can confuse which allele 
originated from which contributor in a DNA mixture. See Refs. [13,101]. See 
also [102] for a discussion of stochastic effects in the context of the admissi
bility of a probabilistic genotyping program.
77 For a review of some key legal challenges see Ref. [103]. Different pro

grams use different biological models and it is argued that the assumptions 
behind their biological modelling make a difference in each program’s reli
ability. See also [11,12].
78 [103] at *13.
79 See Ref. [31] at p.120.

80 These issues have been discussed in depth elsewhere, see Ref. [17].
81 [31] at p.112.
82 [31] at p.120.
83 [31] p.132.
84 [6] p.11.
85 [6] p.12.
86 [6] at p.17.
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concerning proof to the fact finder.87 As acknowledged by critics “this is, 
of course, a somewhat simplistic way to describe LRs. There will always 
be an inference needed to get from the defendant’s DNA being in the mix 
to the defendant’s guilt. However, in many cases, where identity is at 
issue, for example, as a practical matter, this is how LR evidence is 
received.”88 It can be argued that this is not a ‘simplistic’ but a rather 
dangerous way of describing technical concepts with important legal 
consequences.89 It is even more concerning that this can actually be 
observed in criminal litigation practice.90

The above quotes serve as a reminder that if lawyers themselves do 
not understand the meaning of LRs or the probative value of forensic 
evidence there is a real danger that the expert’s evidence will be 
misunderstood and misrepresented in court.91 Moreover, in the 
confrontational context of the adversarial criminal trial, some element 
of confusion might be part of the opposing advocate’s deliberate cross 
examination strategy, which highlights the importance of a well- 
informed expert to not make erroneous statements and to clarify any 
distortions to their evidence [17]. Even where the expert statements are 
accurate and clear there is a mounting challenge of successfully 
communicating the true probative value of the evidence to the trial 
judge and the jurors.92 Lay jurors will likely need guidance to help them 
understand the significance of the evidence expressed in probabilistic 
terms. This has implications for the presentation of the evidence in court 
and the way judges sum up the evidence and direct the jury at the end of 
the trial. An effective summing up requires that the judges themselves 
properly understand the evidence [88].

It can be recommended that the use of verbal equivalents to express 
LRs which has the potential to facilitate the fact finder’s understanding 
of the expert’s report, need be further discussed and agreed within the 
forensic community.93 Lawyers on the other hand, should be careful to 
adopt the wording used by the expert in a particular case and not alter it 
when questioning witnesses or addressing the court [108]. Even a 
seemingly small ‘simplistic’ alteration could change entirely the mean
ing of the evidence, mislead the factfinder and bring significant un
wanted legal consequences, thus threatening POI. Lawyers in a case 
should carefully review any draft opening speeches or case summaries to 
ensure that no misleading statements have been made and preferably 
seek expert assistance to do so [108]. In addition, it is important to 
appreciate that even if the case is worded properly to avoid the fallacies, 
there is a danger that the jury may commit them inadvertently. There
fore, it is recommended that where evidence that uses the LR approach 
such as PG DNA is presented, it should be accompanied by an explicit 
judicial warning against such misinterpretation.

As it will be argued further below, challenges associated with the 
complexity of LRs and probabilistic evidence do not by themselves 
provide a proportionate justification for reforms that call for a statutory 

‘presumptive inadmissibility’ of PG DNA and similar forensic tech
niques.94 As the science and technology advance, increasingly complex 
forensic evidence is expected to contribute to factfinding in criminal 
proceedings. The scrutiny of such evidence in admissibility proceedings 
is essential, however presuming the evidence inadmissible as a starting 
point due to complexity would not be a proportionate measure. These 
challenges highlight inter alia, the need for the legal community to share 
into the responsibility for an adequate reception and use of forensic 
evidence and in determining the type of contribution it can make in 
criminal trials. At the same time the forensic community should ensure 
the evidence is presented in a way that does not mislead legal stake
holders or ‘invade judicial territory’.95 There is a clear need for greater 
collaboration between the legal and forensic communities to bridge the 
differences and to deal with forensic evidence in ways that meet both the 
legal and scientific principles.

3.2. Do LRs usurp jury’s role?

A related issue to fallacious reasoning can be observed in critics’ 
claims that the use of LRs usurps the function of the jury: “By purporting 
to represent the relative likelihood of the lab’s proposed defence hy
pothesis against the proposed prosecutor’s hypothesis, LRs usurp the 
jury’s function in a criminal trial”.96 This criticism relates to the ‘ulti
mate issue rule’ according to which an expert should not be allowed to 
express their opinion on issues that the court has to decide in order to 
dispose of the case.97 Such issues may include elements of actus reus, 
mens rea, or defences e.g. identity, intention, diminished responsibility, 
loss of control and other matters on which an expert may be instructed to 
give an opinion. The rationale of the rule is to prevent witnesses from 
usurping the role of the factfinder. The rule has been opened to criticism 
on several levels and has almost disappeared from the modern law of 
evidence.98 It has been argued inter alia that the ‘usurpation’ claims rely 
on ‘the spurious assumption that giving evidence in an issue is the same 
as deciding that issue’.99 This appears to be precisely the problem with 
the criticism of the LR approach from the context of PG DNA evidence. 
What lies beneath is the confusion as to how LRs are arrived at and what 
they mean, which in turn leads to fallacious reasoning and unfounded 
claims of usurpation of the fact finder’s role.

As already discussed, the role of the expert is to present the proba
bility of the observation/evidence given the proposition (e.g. that the 
defendant was a contributor to the DNA mixture together with another 
unknown person). If the expert presents the probability of the proposi
tion i.e. that the defendant is a contributor to the DNA mix, or worse, 
that the defendant is guilty given the evidence– as suggested by critics – 
then the expert would be committing the prosecutor’s fallacy which is 
not what the LR approach of evidence evaluation entails. In fact, the LR 
approach for evidence evaluation upholds the principle that the 

87 As it will be discussed further below these propositions need be not the only 
relevant propositions in the case – they only need to be mutually exclusive.
88 [31] at p.113 and footnote 4.
89 As mentioned above even where identity is the key issue, the use of the LR 

approach to evaluate and report the strength of the evidence should be 
preferred rather than unfounded categorical opinions of identity.
90 For details and concerns see e.g. Ref. [105].
91 See Ref. [17] for a detailed discussion of these aspects.
92 E.g. in R v T (2010) EWCA Crim 2439 such misunderstanding and the 

judge’s preference for "could have" instead of "moderate support" as used by the 
expert evidence led to both prosecutor’s fallacy and confusion [106] although 
the court’s interest in transparency in how the expert calculated the LR was a 
good thing; for a commentary see Ref. [107].
93 See Ref. [3] p.17; [85,105]. This is a contentious topic that requires further 

attention elsewhere.

94 [6] p. 22–23 It is acknowledged that there are a number of factors that have 
led to such proposals including concerns regarding the validity and trans
parency of the evidence, but the focus here is the complexity surrounding the 
LR approach.
95 For a commentary see [109].
96 [31] p.112.
97 On the ultimate issue rule and expert evidence see Refs. [17,110,111].
98 In civil cases in England the rule has been abolished by s 3 Civil Evidence 

Act 1972 and in many criminal cases experts have been permitted to testify to 
the ultimate issue e.g. DPP v A & BC Chewing Gum Ltd [1968] 1 Q.B. 159 at 164, 
DC; R v Stockwell [1993]97 Cr.App.R. 260, CA.The rejection of a formal ulti
mate issue rule can be seen clearly in other common law jurisdictions eg Rule 
704 of the US Federal rules of Evidence 1976 established that ‘testimony in the 
form of an opinion or inference otherwise admissible is not objectionable 
because it embraces an ultimate issue’. Similarly in Australia, s 80 of the Evi
dence Act 1995 (NSW) provides that ‘Evidence of an opinion is not inadmissible 
only because it is about – (a) a fact in issue or an ultimate issue [112–116].
99 [117] p. 1734.
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likelihood of a proposition is a matter which should be addressed only by 
the factfinder and any decisions on the ultimate issues can be achieved 
by the factfinder after having considered all other evidence in the case. 
This approach is both logically correct and non-controversial from a 
legal standpoint. In fact, it can be argued that the LR approach used for 
forensic evidence evaluation exemplifies a form of necessary ‘survival’ 
of the ultimate issue rule in the modern law of evidence [110]. It shapes 
up the role of the expert in a criminal trial to pronouncing on the 
strength of evidence and not to addressing the ultimate issue. Unlike 
traditional reporting formats associated with categorical opinions, the 
LR model is ideally suited to do just that: it ‘requires’ the expert to report 
on the probability of the findings under a set of propositions and leaves 
the determination of the probability of the propositions to the trier of 
fact.

4. Presuming guilt or considering inclusion? Two fundamentally 
different issues

4.1. The role of hierarchy of the propositions

The core of the arguments that the LR approach infringes the POI is 
that “LRs are created by assuming the defendant is in fact guilty (his 
DNA is in the mix), and then weighing that assumption against the 
assumption that the defendant is not in fact guilty (not in the 
mixture).”100 In addition “… in order to generate that LR, the analyst 
tests the assumption that the suspect is in fact a contributor to the 
mixture. The question being asked is one inference away from the 
question the jury is trying to answer, ’is this the person who committed 
this crime?’ ”101

These statements require unpacking because they touch on several 
important matters. They reflect underlying fundamental mis
understandings of the role of the expert, how the expert evaluative 
opinions are arrived at, the limitations and the significance of the 
resulting evidence. In addition to committing the prosecutor’s fallacy by 
referring to the ‘testing’ of the propositions, the commentators under
play the role of inferences that the factfinder should make based on the 
evidence, and in equating findings of sub-source level attributions 
(discussed below) with findings of guilt they by-pass the adjudication 
process. While it is important to raise awareness on the significance of 
forensic evidence in the trial process, on the risk of it not being properly 
reported and/or understood, and the potential to unduly influence the 
trier of fact, this cannot be achieved based on an inaccurate represen
tation of (or by ignoring) what these processes - forensic and legal - 
entail.

Being a potential102 contributor to a DNA mixture and being guilty of 
an offence are two fundamentally different issues, regardless of the real 
or perceived role of scientific evidence in influencing factfinder’s 
decision-making process. This misunderstanding relates to a central 
concept for evaluative expert opinions [3,85] that is the hierarchy of the 
propositions.103 In general, propositions that arise in a case can be clas
sified in four levels: offence, activity, source, and sub-source levels - 
where the offence level is the highest and sub-source the lowest. With 
regard to DNA mixtures, it has proven useful to use a fifth level: a 
sub-sub-source level proposition which refers to the origin of part of the 
DNA mixture, for example the major donor [16]. At sub-source level, 

propositions address issues such as the origin of the DNA e.g. whether 
the DNA came from the defendant (D) or another person of interest. At 
the source level they address the origin of material e.g. whether the 
semen recovered from the victim (V) came from the defendant (D). At 
the higher, activity level, propositions consider the activity that deposited 
the trace material e.g. whether D had intercourse with V. At the activity 
level the issues considered by the propositions often have to do with the 
acts of the D or another person of interest, or with alternative expla
nations for the presence of the trace material in question e.g. whether 
D’s DNA presence in a mixture is related to transfer and persistence104. 
Ultimately, at the offence level a proposition considers whether an 
offence has been committed e.g. whether D raped V. It is a 
well-established principle of forensic evidence evaluation approach that 
offence level propositions are strictly for the fact finder to consider. The 
issue of guilt or innocence of the defendant105 is NOT within the remit of 
the forensic scientist.

From this it can clearly be seen that when the principles concerning 
the hierarchy of the propositions for forensic evaluative reporting are 
respected, the expert’s contribution does not infringe the POI, as the 
issue of guilt or innocence is outside of the expert’s remit. In most cases 
an expert contributes at the lower levels of the hierarchy of the propo
sitions. Probabilistic genotyping (PG DNA) for instance only provides 
information at sub-source and sub-sub-source levels. In order to make 
inferences at source106 and activity levels, where this is possible and 
requested by the legal stakeholders in the proceedings,107 separate cal
culations and analysis are required. According to ENFSI "activity level 
propositions are to be used when expert knowledge is necessary to 
evaluate and establish factors such as transfer mechanisms, persistence 
and other materials that could have an impact on the understanding of 
scientific findings relating to alleged activities".108 Source level propo
sitions are adequate in cases where there is no risk that the court will 
misinterpret them in the context of the alleged activities in the case i.e. 
where for example transfer and persistence are not an issue.109

There is a danger that the potentially large LR for source level 
propositions could be misinterpreted in court as extremely strong sup
port for an alleged activity which is a different legal issue. In the context 
of DNA evidence for example there is a difference between an expert 
witness telling a jury that the victim’s blood was found on the accused’s 

100 [31] p.113.
101 [31] p.120.
102 As explained above, LR statements do not report on the likelihood of 
propositions but of obtaining the evidence/observation given the propositions 
e.g. that D is or not a contributor to the DNA sample.
103 The concept of the hierarchy of propositions is well established. See Refs. 
[86,118].For a discussion from a legal perspective see Ref. [17] chapter IV. See 
also [16,119]. The ISFG DNA Commission provides an extensive review with 
recommendations for practitioners [120].

104 Such as innocent or secondary transfer and persistence (not related to the 
crime commissioning), see further below.
105 According to the concept of the hierarchy of the proposition guilt and 
innocence are considered as offence level propositions. As argued further 
below, however, guilt or innocence are not presumptions/hypotheses but de
cisions made by the factfinder.
106 As the Royal Statistical Society notes, the conceptual distinction between 
(iii) source level propositions and (iv) sub-source level propositions is especially 
significant in relation to DNA profiling evidence. There is a difference between 
saying: (a) the suspect (or another person of interest) left the body fluid at the 
scene of the crime (or other location of interest); or (b) the suspect (or another 
person of interest) donated the unattributable cellular material from which 
DNA was extracted. To ask whether a particular person is the donor of an 
identifiable body fluid is a source level inquiry. To ask whether a particular 
person is the donor of DNA extracted from unattributable cellular material is a 
sub-source level inquiry. See Ref. [88] at 3.18. An important initial consider
ation when trying to determine the probative value of DNA evidence will 
therefore always be whether the evidence is probative of source level propo
sitions or only of sub-source level propositions.
107 Be it the prosecution, the defence or the court in those jurisdictions (e.g. 
civil law jurisdictions) where judges play an active role in seeking and assessing 
evidence in criminal proceedings.
108 [3] p.11.
109 In several forensic analysis areas (e.g. bullet and cartridge case compari
sons, handwriting, speaker recognition, physical fits) there is no distinction 
between source level and activity level propositions and can safely be assumed 
that the issue of source (bullet originated from a specific gun) is directly related 
to an activity (bullet was fired from that specific gun) [3] p.12.
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clothing (a source level proposition), from testifying instead that the 
victim’s DNA was recovered from the accused’s clothing (a sub-source 
level proposition). Depending on the case circumstances, there may be 
innocent explanations for the presence of DNA which could not plau
sibly be extended to the presence of blood. A similar distinction between 
DNA and semen might be equally important in the context of sexual 
offence prosecutions, and so on.110

A DNA match may inform decisions about the source of the DNA, but 
decisions about an activity, such as sexual intercourse vs. social contacts, 
involve additional considerations beyond the DNA profile.111 This is 
important as part of the criticism directed to PG DNA does not relate to 
what the evidence actually conveys which is an evaluation of the evi
dence at the sub-sub-source or sub-source level, but rather to alternative 
explanations for the presence of D’s DNA in the mixture which in fact 
concern activity level propositions: “When dealing with such small 
amounts of DNA, there is much greater ambiguity as to how the DNA 
ended up on the object. For example, the DNA could have been left by 
someone who touched the object, or even by someone who touched the 
person who then touched the tested object.” “Because of this, finding 
someone’s DNA on an object is less significant to a determination of guilt 
or innocence of a suspect …. Although the possibility of transfer clearly 
affects the evidentiary weight of these small DNA samples, this is not 
accounted for when LRs are reported to a jury.”112

These statements raise important concerns, but they are misdirected 
and confound separate issues. Explanations or propositions related to 
transfer and persistence of DNA are relevant for an activity level eval
uation of the DNA results, whereas PG software and other interpretation 
and statistics methods evaluate the DNA results at the sub-source level. 
A sub-source level evaluation of the DNA results may be necessary for 
evaluating the findings with regard to a pair of activity level proposi
tions113 but they are far from the same. Discussions of transfer and 
persistence therefore have little if anything to do with the admissibility 
of PG DNA based on its reliability or the infringement of the POI. 
Instead, they demonstrate how important it is to properly understand 
the evidence, to avoid inaccurate inferences as to what the evidence 
means and what decisions the fact finder must make. A proper under
standing of the limitations of DNA mixture analysis, alongside an 
adequate awareness of the transfer and persistence issues associated 
with DNA evidence and the sensitive DNA technology is paramount. 
This should not a priori make the evidence inadmissible or lead to an 
exclusion114 unless the evidence is irrelevant (or insufficiently relevant) 
and/or unreliable.115 Issues related to the evidential value and strength 

(or lack of) of the evidence concern the weight of the evidence to be 
determined by the factfinder.

Critics’ comments demonstrate that it is easy to misunderstand what 
the evaluative expert opinions deal with. The distinction between 
different levels in the hierarchy and the type of contribution an expert 
can and cannot make in a case need be properly understood and 
communicated to the fact finder, be it via trial narratives or jury di
rections. Due attention must be paid to the position in the hierarchy of 
propositions that can be and has been considered. The evidential sig
nificance of a likelihood ratio always depends on the level of the prop
osition i.e. the issue addressed.116 This information must be effectively 
conveyed to the court to avoid the risk that an evaluation at one level is 
translated uncritically and without modification to evaluation at a 
higher level. Particularly in cases where forensic evidence adduced by 
the prosecution is framed in terms of sub-source or source level, in 
absence of balancing information and context at activity level, its pro
bative value could easily be overestimated by the factfinders. It may lead 
to a “carry-over” of the LR from one level of the hierarchy to another 
which in turn can lead to miscarriages of justice [3].

The ‘burden’ to enhance this understanding should be mutually 
shared by both the legal and the forensic community. The forensic 
examiner should explicitly state that the findings do not address ques
tions of a different level.117 The legal stakeholders should not simply 
‘hide’ behind the complexity of the forensic evidence to demand inad
missibility118 but need to actively take responsibility for their own 
adequate understanding and the use of forensic evidence in their case 
strategy. In the context of this study, it can be argued that it is precisely 
the lack of understanding that what the expert reports on and what the 
jury has to decide are on different levels altogether, which leads to the 
claims that the LR approach undermines the POI. It is important to not 
underplay the significance of the inferences that need be made by the 
jury in interpreting the expert’s statement dealing with lower-level 
propositions to decide on matter of guilt or innocence at the offence 
level – a decision that ultimately is made by the factfinder (not the 
expert) based on all the evidence in the case. Greater efforts should be 
made to improve the communication between experts and legal stake
holders, and to facilitate the understanding of the scientific evidence by 
all those involved in the process.

4.2. Understanding the role of the expert

Part of the criticism of the LR approach for evidence evaluation re
lates to the role of the expert and that of the parties in selecting the 
propositions for the evaluation of the evidence. It has been argued that 
“in selecting a hypothesis, the analyst proposes a specific defense theory 
to explain the evidence, without the defendant.”119 In addition it has 
been argued that “the expert should not assume what the defence 
proposition may be”; that “the defence is entitled to all propositions 
consistent with exoneration and should not be constrained to one 
proposition”, and that “the defence is not obligated to provide a prop
osition.”120 These claims form the basis of the argument that the LR 
approach infringes POI therefore will be discussed below.

110 [88] at 3.18.
111 See Ref. [121] p.46 A number of factors impact the evaluation of DNA. 
Transfer events require a source, opportunity and mechanism – the scientist 
may be able to consider these parameters in the context of each case and the 
information supplied by the instructing authority or party. A scientist may or 
may not be able to attribute the DNA profile to a source, that is a bodily fluid 
which in turn could assist with activity level propositions i.e. by what activity 
the DNA came to be present in a sample. Where dealing with ‘touch DNA’ 
depending on a number of factors including the type of the surfaces, the in
tensity of the contact, time passed, individual variability etc. there could indeed 
be primary, secondary and even tertiary DNA transfers. In some cases, it is not 
possible for a scientist to assist the party or the court with regard to how or 
when DNA came to be present, but in other cases, considering case specific 
circumstances, a comparative assessment can be made between alternative 
explanations. It is important in these cases that the underlying assumptions are 
stated clearly by the scientists carrying out any evaluations. The instructing 
authority needs to let the scientist know of the circumstances of the case, after 
the interpretation and the comparison process has been conducted, to facilitate 
any possible evaluations of the transfer scenarios. Such evaluations need to be 
well founded and contextualised in the latest relevant research.
112 [31] p.116.
113 [15] p.395.
114 E.g. as recommended by Ref. [6] pp.22-23.
115 See further below.

116 See Ref. [84] p.48.
117 See Ref. [3]; this addresses the concerns raised by Ref. [31] at pp.115–118. 
It is acknowledged that this is problem which seems to persist in practice and 
experts often find themselves in a difficult position when interpreting the re
sults for the court see Ref. [17]. At times legal practices and rules themselves, 
such as Streamlined Forensic Reporting (SFR) do not facilitate the necessary 
early communication between experts and legal stakeholders, the understand
ing of the evidence in the context of the case and/or its scrutiny, see Ref. [122].
118 Unless of course there are issues with the validity and reliability of the 
evidence, but the point here is that the use of LRs and the complexity of the 
evidence do not by themselves make the evidence unreliable.
119 [31] p.122.
120 [15] p.394.
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First it is important to clarify the role of the expert in this process. 
The use of the LR approach121 for evidence evaluation is promoted from 
the perspective of the duty that forensic practitioners have, to assist the 
court by explaining the significance of their findings within the context 
of the case. Where possible this is done by considering the findings from 
the perspective of at least two competing (alternative) propositions (or 
hypotheses) which are mutually exclusive but not necessarily exhaus
tive.122 Since the probability of the evidence (i.e. observed findings) 
given only one proposition is uninformative and potentially misleading 
– two opposing propositions are needed for the evaluation of forensic 
evidence. As the RSS notes “the probative value of the evidence cannot 
be logically assessed by considering only half of the equation”.123 In 
absence of these opposing propositions an expert may be able to 
contribute to the proceedings via an investigative report based on a range 
of potential explanations for the findings. These explanations however 
are different from formal propositions124 and the role of the expert is on 
a different level: investigative rather than evaluative.125 Alternatively, 
the expert can simply state the findings in a technical report.126 In the 
absence of (at least) two alternative propositions, it is impossible to 
evaluate the probative force of the findings.127

As discussed above the level of the propositions to be considered 
(and the propositions themselves) need be carefully selected with rele
vance to and should remain anchored to the case information (also 
referred to in the literature as case context, background information, 
conditioning information or the framework of circumstances).128 Con
ditioning information is the relevant case information that helps the 
expert to recognize the pertinent issues, select the appropriate propo
sitions and carry out the case pre-assessment. It could include the nature 
of the alleged activities from the information and evidence collected in 

the case, both inculpatory and exculpatory, victim’s or suspect’s account 
of their activities, known or admitted facts etc. It also includes the facts 
in issue (also referred to as ‘key issues’) that is those aspects of the case 
on which the court seeks to reach a judgment.129 This context provides 
the general framework under which the instructions to forensic practi
tioners and propositions for evaluative reporting are based and formu
lated.130 Most importantly, the case information is provisional and, if it 
changes, the propositions may need to change; consequently the find
ings will need to be re-evaluated by the expert in the light of those 
changes.

The competing or alternate propositions usually will correspond with 
the prosecution and the defence positions respectively (which is why 
they are referred as such in the literature) however it is important to 
understand that, while desirable, it is not necessary for the defence to 
advance any affirmative propositions for the LR to be calculated. Where 
the defence’s position is unclear the forensic practitioner may propose 
the most reasonable propositions based on the case circumstances and 
produce an evaluative report clarifying that any changes to the propo
sitions may impact the assessment of the strength of the forensic findings 
and necessitate further evaluations to be conducted. There are a few 
important aspects to be noted here: First, in the case of DNA mixtures 
matters could indeed be more complex than single source samples – and 
as critics have argued, both the selected opposing propositions could be 
untrue.131 As ENFSI (2016)132 notes the use of a LR does not generally 
imply that one of the two propositions must be true. Propositions need 
not be exhaustive so both could be false. It is important that lawyers, the 
court and the factfinder understand this. Depending on the case infor
mation, a range of issues may need to be considered by the expert such 
as: which, if any, of the known individuals may be reasonably assumed 
to be contributors; the number of contributors to the profile; how to deal 
with multiple persons of interest; how to deal with evidential items 
associated with neither the person of interest nor the victim.133 More 
than one pair of propositions may therefore need to be considered.

Second, when conducting case assessment interpretation, the expert 
will initially decide on the number of contributors and on any condi
tioning profiles. After that the scientist will consider the genotype of the 
person(s) of interest to provide a preliminary assessment of whether 
there is a straightforward exclusion. If the outcome for a given person of 
interest (e.g. the defendant ) is a straightforward exclusion, then no 
further analysis will be required for that individual and reporting is also 

121 Known also as Bayes theorem in its odds form – see below.
122 [3] p.11. An alternative proposition is mutually exclusive with respect to 
another competing proposition with which it forms a pair i.e. they cannot be 
both true at the same time, ibid p.24 Though the considered propositions are 
those deemed the most relevant based on the case circumstances, they may not 
be exhaustive, thus they both can be false. The expert need not consider prop
ositions that have no basis on the case information or are very unlikely or 
impossible given the case information - see Ref. [3] p.22. For two different 
approaches on the issue of exhaustiveness which ultimately convey the above 
point see Refs. [123,124]. See also [15]. Depending on the circumstances of the 
case more than a pair of propositions may need to be considered by the expert. 
However alternative explanations and formal propositions are not the same in 
that the later are founded on case circumstances. As it will be discussed further 
below, the expert is under no duty to consider hypotheses that have no basis in 
the case information.
123 [88] at para 3.19. p.38.
124 Explanations are an intermediate consideration for use when exploring less 
formal alternatives. They are generated after the forensic findings have been 
obtained; they may be statements of the obvious, speculative or fanciful – see 
Ref. [3] p.20. Whereas propositions are statements that are either true or false, 
are formulated in pairs against a background of information and assumptions; 
they are amenable to a reasoned assignment of credibility by a judicial body 
and useable for rational inference - see Ref. [3] p24.
125 Forensic experts routinely provide various, significantly different kinds of 
assistance to criminal justice practitioners, depending on the stage that a 
particular investigation or prosecution has reached from crime-scene through to 
court. This contribution can be related to intelligence, can be investigative, 
evaluative or simply factual/technical - see Ref. [3]. There are fundamental 
differences between investigative and evaluative roles of the expert. They 
require different kinds of inferential reasoning leading to distinct analytical 
products and forms of communication – see Ref. [84] p.29.
126 This is referred to as the ‘factual’ reporting of a test outcome based solely on 
technical competence of the expert or analyst. No inferences, explanation, or 
opinion are drawn from the test results/observations. See Ref. [85] p.161.
127 [3] p.13.
128 [3] p.15 Propositions should not be adapted from one level to the other in 
the light of the forensic results obtained during a pre-assessment - with ex
ceptions to investigative reports completed in the early stages of investigations.

129 Such information would generally include relevant parts of witness state
ments, chronological information about the timings of relevant events or ac
tions, the proposed or actual charges in the case, and any pertinent disclosures 
or contentions by a suspect or defendant, as well as procedural target dates. By 
contrast, examples of information that forensic scientists generally do not need 
to know (always ultimately depending on particular case circumstances) 
include matters pertaining to suspect’s or the accused’s character (including 
previous criminal convictions), domestic circumstances, movements prior to the 
time of the offence, or formal or informal witness identifications. Whatever 
information is relayed to the expert, there should be procedures in place to 
minimise the risk of contextual biasing of an expert’s expectations and subse
quent opinions - see Ref. [84] p.62; see also [125].
130 [3] p.20.
131 [31] p.122: “Not only are there multiple alternative hypotheses that could 
explain the evidence, but both hypotheses in the equation could in fact be 
wrong, and there would still be an LR reported. The number produced is the 
relative likelihood of two specific hypotheses, not the probability that either 
hypothesis is in fact correct.” Except for the prosecution fallacy being 
committed, the rest of this statement is correct.
132 [3] at p.22.
133 For a summary of the effects of these considerations see Ref. [15] p. 395. 
Again, the difference between investigatory and evaluative expert opinions 
must be made clear. Explanations of the evidence which are considered in the 
investigative stage differ from formal propositions to be used in evaluative 
opinions which are embedded in the framework of circumstances i.e. case 
information.
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straightforward. An expert will proceed with a full mixture evaluation (i. 
e. assignment of propositions and calculation of LRs) only if an exclusion 
is not straightforward or cannot be made.134 This step cannot be 
emphasised enough as it addresses the criticism that the LR approach 
introduces ‘guilt’ and thus infringes POI: in absence of a straightforward 
exclusion of D as a contributor during the pre-assessment phase of the 
experts’ work, the key issue to be determined remains whether D is or 
not one of the contributors, which is why a proposition of inclusion is 
considered. This proposition of inclusion corresponds to what the 
prosecution would usually allege. One of the opposing propositions 
could then be that D is not a contributor (or that another person is the 
contributor) which represents what the defence would usually argue.135

The ‘defence proposition’ is therefore simply the negation of the 
‘prosecution proposition’, which, as argued further below, ‘is a function 
of the relevance of the evidence in purporting to prove the accused’s 
guilt’.136 It does not matter whether the defence intends to rely on or to 
advance this proposition at trial. “The negation of the prosecution’s 
assertion is already logically implicit as a possibility regardless as to 
whether anyone actually articulates it in the case.”137 Since the use of 
the terms prosecution and defence proposition may contribute to some 
contention and to the (uninformed) criticism of the LR approach for 
evidence evaluation, the use of alternate propositions without such de
scriptors e.g. P1 and P2 instead of Pp and Pd is advisable, to avoid the 
implications of the P (prosecutor) and D (defence) labels.138 This 
approach would address to some degree concerns expressed in the 
literature to the effect that the expert is surpassing his role by proposing 
a defence’s theory of the case or that the LR approach obliges the 
defence to forward an alternative proposition.

On the other hand, even if it were necessary that the alternative 
propositions came (only) from the defence, it is worth questioning 
whether the LR approach for evidence evaluation would impose on the 
defence a duty that is incompatible with its role in the proceedings thus 
interfering with POI. At the heart of the LR approach for evidence 
evaluation rests the essential requirement for an efficient and safe 
contribution of forensic evidence in criminal proceedings that is efficient 
communication between the forensic practitioner and parties in the 
proceedings: be it the police, prosecution and/or the defence.139 Good 
communication (and ideally early collaboration) would bring forth any 
exculpatory information or alternative explanations which the expert 
can take into account for evidence evaluation alongside any other 
(inculpatory) information; it helps to bring out the most relevant aspects 
of the case and to achieve the best evidence which will ultimately 
contribute to safer verdicts thus upholding POI.140

According to the broader view of POI adopted in this study, de
fendants carry ‘normative burdens’ that is duties and responsibilities 
associated with their ‘role’ as defendants. As previously argued ‘Defen
dant’ is a distinctive normative role, bearing its own particular rights 
and responsibilities. A defendant is not merely an object of a judicial 
inquiry that aims to determine whether they are guilty of the crime 
charged, but an active participant in the process. While D can remain 
silent pretrial and give a no comment police interview, they risk adverse 
inferences of guilt to be drawn by the jury if, on trial, they rely on a fact 
that they could have reasonably been expected to have mentioned 
earlier.141 If they were to raise an affirmative (active) defence, they 

could bear an obligation to produce evidence to satisfy the judge that the 
issue should be put before the jury.142 While defendants are not legally 
required to say anything in their defence, they risk conviction if they do 
not respond to the prosecution case, or do not offer a defence if the 
prosecution proves the commission of the offence.143 At times a statute 
may even require impliedly or explicitly that defence proves particular 
facts in issue.144 From this perspective it is not unreasonable to talk 
about the defence actively forwarding an exculpatory proposition, or the 
expert assigning the most suitable alternative propositions to the one 
forwarded by the prosecution, compliant with an exculpatory account of 
the events and facts in issue, based on the case circumstances and 
contextual information as known up to the moment the evaluation of the 
evidence is carried out.

There are a few aspects therefore that critics of the LR approach seem 
to be missing. Evaluative opinions in the form of LRs should and will be 
produced only when an expert is requested by the instructing authority 
or party in the proceedings to examine or compare trace material with a 
reference material from known potential sources. Therefore, the re
sponsibility for the introduction of these opinions in the courtroom and 
to ensure their scrutiny as well as the correct subsequent use of the 
expert evidence in accordance with procedural rules and evidentiary 
principles rests primarily with the legal actors in the proceedings. The 
LR approach requires the expert to formulate one or several pairs of 
propositions which best reflect and are relevant to the case circum
stances. When this conditioning information changes, the assessment of 
the evidence may also have to change. Investigatory explanations for the 
forensic observations (evidence) are different from the formal proposi
tions that form the basis of the evaluative expert opinions which are 
conditioned on the case circumstances. It is paramount therefore that 
the context the evidence is arrived at is reported and properly under
stood as it is a vital component in any probabilistic reasoning process.145

The responsibility for adequately setting out the case context and 
informing the expert on any changes remains with the legal actors in the 
proceedings. The alternative propositions that form the basis of an 
expert evaluative opinion do not necessarily need to be conceptualised 
as representing the prosecution and the defence positions. Most impor
tantly, the evaluative work of a forensic scientist does not impose on 
defence any duties, burdens or obligations that are incompatible with 
POI and/or defence’s traditional normative role in criminal proceedings.

5. Bayes theorem, prior odds, and POI

The criticism146 concerning the use of LRs as in the case of PG DNA is 
partially linked to the possibility of the use by the jury of statistical 
methods such as Bayes Theorem,147 to combine the entirety of the evi
dence in the case to reach a decision as to whether D is guilty. Bayes 
Theorem is a mathematical formula that enables the adjustment of one’s 
belief in the likelihood (probability) of a given proposition (hypothesis) 
in the light of new evidence. When used in the context of a criminal trial, 
this theorem can be expressed as: 

134 See Ref. [40] at 6.8.7–6.8.9.
135 [3] p.13.
136 [88] p.88.
137 [84] p.45.
138 [15] p.394.
139 Discussed at length in Ref. [17].
140 Ibid. as confirmed by participants interviewed for this research.
141 As per section 34 CJPOA 1994 in England and Wales for example [126].

142 Referred widely in evidence scholarship as ‘evidential burden’ or ‘burden of 
production’ of sufficient evidence to ‘pass the judge’, see e.g. Ref. [45].
143 This relates to what is referred to in evidence scholarship as a the ‘tactical 
burden’ that defendants bear in the proceedings, and which corresponds to 
what happens in adversarial criminal trials where the two opposing parties 
‘battle’ for the favourable decision of the factfinder.
144 Known as ‘reverse onus’ provisions and referred to as a ‘shift’ of the burden 
of proof for those particular elements from the prosecution to the defence.
145 [3] p.21 [127] notes that mathematical models must consider the context of 
the hypothesis and its connecting evidence to ensure that the model provides 
accurate information relevant to it. Berger notes the lack of discussion by the 
legal community of this vital component in any probabilistic reasoning process.
146 [31] at p.132; see also [6] pp.12-13.
147 On statistical issues and an explanation of Bayes’ Theorem see Refs. [99,
128]; see also [129,130].
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Prior odds x LR = Posterior odds                                                      

In relation to a criminal trial the prior odds may be taken to be the 
jury’s assessment of the probability of a proposition (e.g. D being a 
contributor to a DNA mixture sample or D having committed the 
offence) prior to taking into account a particular item of evidence (e.g. 
DNA evidence; eyewitness testimony; real evidence etc.). When the 
probative value of the evidence which is presented in the form of LR, is 
combined with the prior odds it will provide the jury with the posterior 
odds, i.e. the likelihood of that particular proposition after the evidence. This 
posterior probability can then be treated as a new prior probability to 
which a further additional piece of evidence in the LR form can be added 
and a new posterior probability calculated. The process can be repeated 
for each item of evidence in the case resulting in a final posterior 
probability conditioned on the entirety of the evidence presented in the 
case.148

Proponents of this approach argue that Bayes theorem is a ‘codifi
cation of the reasoning that should be applied in the assessment of the 
evidence’ which ensures that evidence is assessed rationally [128]. The 
prior odds are estimated before the evidence (e.g. DNA) is presented and 
the posterior odds are estimated after the evidence is presented. Thus, 
the Bayes Theorem enables one to comprehend the importance of each 
item of evidence in the case, how the likelihood of guilt (i.e. the ultimate 
posterior odds) is affected by the evidence and how it is arrived at. 
According to this approach, it is for the fact finder to determine the prior 
odds, while the expert reports on the LR which shows how the odds 
change with the introduction of new evidence.149 The roles of the expert 
and the jury are thus well defined. It has been proposed that the 
Bayesian approach can be used to link all of the evidence in the case - 
expert and non-expert, quantitative and non-quantitative - with one 
coherent chain of calculations.150 It has been described as the only 
logical and legitimate way to ’ transpose the conditional’151 in order to 
enable the jury to arrive at what it needs to know - that is the posterior 
odds in favour of a proposition which ultimately could be the guilt of the 
defendant.

Critics argue that the use of LR approach as employed by PG DNA 
tools can violate the presumption of innocence because it necessitates the 
use of the Bayes theorem, which in turn requires the jury to presume D’s 
guilt before all the evidence in the case has been heard: “In order to 
understand the significance of this evidence, the jury must consider the 
prior probability of guilt … They must decide, before hearing about the 
LR, what they think the probability of guilt is.”152 “Without Bayesian 
probability analysis, the LRs produced by PG do not provide evidence of 

the probability that an individual’s DNA is contained in a sample. In 
order for the Bayesian probability analysis to provide evidence of such 
probability, the presumption of innocence and the Crown’s burden of 
proof must be violated”.153 “If we assume zero prior probability of the 
defendant contributing to a sample, consistent with the presumption of 
innocence, the result will be zero posterior probability. Any number 
multiplied by zero equals zero. If, however, we assume prior probability 
that the defendant contributed DNA to the sample, we are presuming 
guilt. This violates the presumption of innocence.”154

Several misconceptions can be observed in these statements. First, 
any inferences whether defendant’s DNA is present in a crime scene 
sample, is left with the fact finder. The expert only reports on the LR that 
is the ratio between the probability of the evidence (e.g. DNA profile) 
given two opposing propositions (e.g. if D rather than an unknown in
dividual is the source of the DNA). Moreover, the issue of D contributing 
or not to a DNA profile is not equal with guilt (or assumptions of guilt) 
especially in the context of complex DNA mixtures where the level of the 
propositions considered is of sub-sub source or sub-source - not offence. 
The key here is to facilitate a correct understanding of the expert 
opinion, to avoid erroneous reasoning.155 In particular, the probative 
value of a piece of evidence e.g. PG DNA evidence in the context of the 
case as a whole and any limitations, need be properly understood. Other 
supporting evidence of guilt besides D’s likely contribution to a DNA 
mixture would be necessary for the case to progress at court and espe
cially to form the basis of a conviction. It is recommended that this 
aspect be regulated in each concerned jurisdiction in accordance with 
the rules of evidence related to admissibility and corroboration, and that 
the jury be adequately directed on the significance of the evidence based 
on the expert’s report.156 All these aspects could be dealt with via 
existing, new or amended statutory provisions and/or through judicial 
practice guidelines as necessary.157

Second, while LRs are an organic component of the Bayes Theorem, a 
distinction need be made between the use of LRs to evaluate (the 
strength of) the forensic observations and to present to the factfinder the 
probative value of a piece of evidence with the controversial158 use of 
Bayes theorem (also referred to as the Bayesian model in literature) in 
court to assist the fact finder with the reasoning process in combining all 
the evidence in the case (probabilistic and non-probabilistic) to arrive at 
the ultimate posterior probability of defendant’s guilt.159 As the RSS 
notes:

“Likelihood ratios are a strictly rational and mathematically vali
dated mechanism for quantifying evidential weight or probative value, i. 
e. the strength of evidential support for a particular proposition. They are 

148 See Ref. [128] p.44.
149 RSS notes that ‘experts are not absolutely precluded from stating posterior 
probabilities relating to intermediate facts proving or constituting the offence, 
if invited to do so by the court and providing that such statements are appro
priately qualified and contextualised.’ See Ref. [128] at p.43. Furthermore 
‘Experts normally testify to relative frequencies (to inform likelihoods of the 
occurrence of evidence), or occasionally to base rates (prior probabilities), 
rather than to the truth or falsity of contested issues in the trial (posterior 
probabilities). Where experts depart from the norm by testifying directly to 
posterior probabilities, they should do so deliberately and advisedly, not merely 
through confusion. Insofar as experts do testify to posterior probabilities, they 
must spell out and justify the conditioning assumptions and prior probabilities 
supposedly warranting them.’ Ibid at p.43. Berger [127] notes that even if the 
expert offers a suggestion of a posterior probability for the ultimate hypotheses, 
this is not a ‘trespass on the province of the jury’ so much as a vital commu
nication of the context of the LR calculations ‘K’. The jury ultimately can decide 
whether to accept or reject the weight of the evidence reported by the expert 
after the examination and cross-examination of the witness have taken place, to 
allow the jury to scrutinize the values inherent in the model.
150 For an analysis of the use of Bayes in the context of key DNA cases see 
Ref. [17].
151 [128] p.47.
152 See Ref. [31] pp.132-3 and again at p.136.

153 [6] p. 13. The critics do concede that in criminal cases only the LR is 
presented as evidence and not the ‘subsequent Bayesian analysis’ (Ibid) A 
similar misconception was evident in court’s decision in State v Skipper [131] at 
623: “Bayes theorem can only work if the presumption of innocence disappears 
from consideration”.
154 [6] p.13 citing [31].
155 See the prosecutor’s fallacy or the fallacy of the reverse conditional dis
cussed above.
156 Some jurisdictions have corroboration rules in place e.g. Scotland.
157 Such as the Practice Directions in England and Wales for instance 
Ref. [132].
158 E.g. the use of the Bayes theorem was rejected twice in R v Adams [1996] 2 
Cr.App.R 469; R v Adams (No.2) [1998] 1 Cr.App.R 377, and R v T [2010] 
EWCA 2439 [133–135].
159 This point is also made in Ref. [37].
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employed by many forensic scientists in their case-work. Although 
likelihood ratios also feature in Bayes’ Theorem, there is nothing 
inherently or distinctively ‘Bayesian’ about the use of likelihood ratios 
or the importance of considering the probability of evidence under 
competing propositions. It is simply a matter of elementary logic that 
evidence compatible with guilt could also be compatible with inno
cence, and one cannot therefore assess its relevance or probative value 
without first considering how a particular item of evidence might bear 
on both sides of the argument, for and against. This inquiry is inescap
ably probabilistic.”160

Regarding the issue of ‘priors’ in the context of Bayes theorem, 
misunderstandings can be observed as to what they mean, how they are 
to be determined and what is or not compatible with the POI. Criminal 
trials operate under conditions of uncertainty. A factfinder facing a 
defendant at the start of trial does not know whether he is in fact 
innocent or guilty - both the possibilities are equally likely. It is for the 
criminal trial process to reveal the outcome, by enabling the factfinder 
to make decisions on proof, guilt and innocence. What POI requires is 
that the factfinder approach the case without having formed any views 
regarding D’s guilt or innocence and only convict the defendant as guilty 
if the prosecution proves its case beyond reasonable doubt. However, 
one important aspect is often misunderstood: to be presumed innocent is 
not the same as being in fact innocent i.e. not guilty. In other words, 
approaching the case as if D were innocent does not mean that ‘the priors 
odds of guilt’ should be 0 to ensure compatibility with POI as critics 
suggest.161 Priors would only be 0 if D were factually innocent, which 
the factfinder does not know at the start of the trial before any evidence 
being presented.

In the criminal justice processes, D is someone against whom there 
are reasonable suspicions (or probable cause) of guilt and sufficient 
inculpatory evidence that makes for a ‘realistic prospect of convic
tion’.162 Closely linked to and manifested through the principle of 
minimum state intervention, POI protects a person having to stand trial 
where there is no sufficient evidence of guilt to constitute a case to 
answer.163 This does not mean however that any prior determinations of 
factual guilt or innocence need actually be made as ‘discharging their 
institutionally allocated responsibilities in the administration of justice 
does not, in general, require police, prosecutors or defence lawyers to 
form any view about suspects’ or the accused’s factual guilt or inno
cence’.164 Similarly ‘jurors are never told to presume innocence in the 
epistemic sense.’165 If they were to be asked at the start of the trial ‘to 
state truthfully what they believed about the accused’s guilt or 
innocence—a question which, in reality jurors are never asked—the only 
rational response would be that the accused is probably guilty.’166

What POI requires therefore is that the defendant be treated neither 
as factually innocent, nor as guilty, ‘but as a citizen against whom there is 
a reasonable suspicion of guilt, based on evidence grounding a reason
able prospect of conviction’.167 If POI would indeed require treating 
someone as factually innocent – there would never be any justification for 
them having to stand to trial or to convict them. If the prior probability 
of guilt would indeed be 0, no amount of evidence would ever change 
the posterior (which would always be 0, as 0(prior) x LR = 0 (posterior)) 
and lead to any other decision other than D being innocent. The issue of 
‘priors’ relates to a common misunderstanding of POI itself: POI is not 
the type of evidentiary presumption often considered to be. As Roberts 
puts it “the presumption of innocence may support a range of 

evidentiary doctrines and institutional practices including particularised 
evidentiary presumptions, but it does not itself have any direct eviden
tiary (including epistemic) applications. As Evidence specialists have 
always maintained, ‘the presumption of innocence’ is not that kind of 
presumption.”168 POI does not authorise a verdict that would not 
otherwise be achievable on the proven facts. POI does not mean that the 
defendant is actually innocent: no factual inference can be automatically 
drawn due to POI.

The very purpose of criminal proceedings, from investigation to trial 
is to identify the guilty. The police169 have a duty to collect evidence – be 
it inculpatory or exculpatory - based on which the prosecution decides 
whether to bring a case to trial. It is on the basis of the incriminating 
evidence that the prosecution argues on trial that the defendant has 
committed the offence and that is guilty. The prosecution would not be 
able to present any evidence on trial in fulfilment of its role, be it a 
witness testimony, real evidence or an expert report if POI would not 
allow it to argue guilt. It is important to note that arguing that D is guilty 
and seeking to prove to the factfinder D’s guilt based on incriminating 
evidence - which is what the prosecution does - is different from factu
ally presuming guilt - which critics wrongfully argue that the LR approach 
promotes. The LR approach of evidence evaluation is not about 
presuming guilt or innocence; it serves to evaluate the strength of the 
evidence given two opposing propositions of the hierarchy determined 
by case circumstances, forensic observations and the type of contribu
tion the expert is able to give in a case, as requested by and in agreement 
with the instructing authority or party (parties) in the proceedings. It is 
the suspicion and the belief on the likelihood of guilt based on the in
formation and evidence collected pretrial - that form part of the ‘context 
of the case’ or ‘framework of circumstances’ - which ‘warrants requiring 
the person to take on the distinctive normative role of ‘defendant’, and 
the burdens that it brings’170.

The defendant is thus selected from a ‘suspect population’, that is the 
number of people who could possibly have committed the offence, based 
on evidence that may have to do for instance with the whereabouts at 
the time of crime i.e. location, opportunity,171 witness description, 
motive, DNA analysis results etc. While it is for the jury to determine 
whether the prosecutorial evidence on basis of which D is on trial, 
‘translates’ to proof and ultimately supports a guilty verdict, at the start 
of the trial, before the evidence is heard, as far as the jury (and everyone 
else) is concerned, D is equally likely as any other member of the suspect 
population to having committed the offence. As Aitken and Taroni put it: 
‘ … before any evidence is heard, ‘innocent until proven guilty’ means 
that every person in the relevant population is equally likely to be guilty. 
If the relevant population were taken to be the population of the whole 
world it is fairly straightforward to think of evidence that will eliminate 
most of the people in the world from serious consideration as potential 
suspects.’172 As an extreme example therefore, the 1/WP173 prior sat
isfies the POI ‘since before evidence is heard, the defendant has a uni
form probability of equal guilt with that of the rest of the world 
population’.174 Given the framework of the circumstances (i.e. case 

160 [88] at p.88.
161 See the [6] p.13 citing [31].
162 E.g Ref. [81] at 4:6.
163 Ibid.
164 [41] p.8916.
165 [41] see pp. 8915-17.
166 [41]. p 8917.
167 [46] p.175. See Ref. [81] parts 3 and 4.

168 [41] p. 8928. According to Roberts, the conceptual distinction embedded in 
traditional common law thinking between ‘evidentiary’ and ‘jurisprudential’ 
presumptions is often not acknowledged nor respected. See also Laudan [136] 
at p. 359: ‘The presumption of innocence is a double misnomer. It is patently 
not a presumption but an assumption; and, at least in a system with a proper 
standard of proof, the PI has little or nothing to do with “innocence” in the 
sense in which that term is almost certainly construed by lay jurors. Properly 
understood, the PI is little more but no less than an assumption of 
no-proof-of-guilt at the outset of a criminal trial’.
169 Or any other investigatory authority.
170 [46] p.175.
171 For a discussion see [137].
172 [138] at p.187.
173 WP stands for world population.
174 [127] p.147.
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context) the prior odds may reflect the number of people in a city or even 
in a country. The prior odds of .000001 for example would correspond to 
the jury’s belief that the perpetrator of the crime could be anyone in a 
city with a population of one million [139]. In a Bayesian model 
therefore, the suspect population evidence would be combined with the 
LR (e.g. of the DNA evidence) to produce an overall posterior probability 
of guilt. Critics’ argument that no valid priors compatible with POI can 
be attributed is therefore without basis.

It is beyond the scope of this article to discuss the utility, usability 
and appropriateness of the probabilistic models such as Bayes theorem 
in criminal trials. Theoretical debate and criminal litigation practice 
have made it clear that formal methods of reasoning, regardless of their 
benefits, cannot easily be carried over to the conceptual problems 
encountered from a legal perspective.175 For some commentators the 
reluctance to accept Bayes in the law is ‘the latest manifestation of a 
long-time historical reticence to accept any statistical analysis as valid 
evidence’ based on its misuse on a number of well reported cases, its 
limitations and difficulties in interpretation.176 A number of social, legal 
and logical impediments to the use of Bayes in legal proceedings and in 
more general policy decision making have been widely discussed.177 For 
others, the problem lies on the differences between what the forensic 
expert does and what the legal actors and the fact finder need to do. 
While forensic scientists use the LRs and probabilistic approaches to 
assess the probative value of selected items of evidence, lawyers and 
factfinders are faced with the issue of ‘proof’ on the level of the case as a 
whole and must reach a decision on innocence or guilt [150]. Any at
tempts therefore to assess the ‘probability of D’s guilt’ in the light of 
evidence via Bayes Theorem arguably misunderstand what need be 
modelled, as guilt is not a proposition but a decision to be reached in the 
light of uncertainty about the proposition of whether the defendant is 
the person who committed the acts of interest in the case at hand [150].

This author supports the view that the decision-making process in 
legal proceedings is complex and demands more than a probabilistic 
approach to reasoning about the evidence in the case. As Taroni et al. 
note for instance, one does not only decide based on what one believes (i. 
e., one’s probability for a proposition of interest), but also based on 
one’s preferences among the possible consequences.178 Conceptual 
frameworks such as the Bayesian approach however, provide standards 
of reasoning that can be used to examine whether a given argument has 
the necessary credentials to be considered sound and, thus, whether 
those who reason are logically entitled to their conclusions. They help to 

define and clarify the role and limitations of the use of scientific evi
dence within the broader perspectives of legal evidence and proof, and 
have the potential to improve the efficiency, transparency, and fairness 
of criminal justice processes.

6. Does the LR approach lower the standard of proof in criminal 
cases?

Alongside the allocation of burden of proof on the prosecution, a 
second important aspect of the POI is that the prosecution must prove its 
case beyond reasonable doubt.179 In civil cases, and each time the 
defendant bears the obligation to prove a fact in issue in criminal cases, 
the standard of proof is on the preponderance or balance of the proba
bilities. This standard follows a rational approach to decision making as 
the preponderance of evidence points to the most probable scenario i.e. 
that which is most likely to be true.180 The epistemically rational stan
dard of balance of probabilities suitable in civil litigation however does 
not serve as the prosecutor’s standard of proof in criminal adjudication. 
In criminal procedure the steeply asymmetric standard of proof derives 
inter alia from a commitment to respect POI and to minimise the risk of 
wrongfully convicting an innocent, which is considered as far worse 
than the risk of acquitting the guilty.181

Human decision-making generally, including reaching a verdict in a 
criminal trial, occur under conditions of unavoidable uncertainty. The 
fact that ‘all empirical propositions are probabilistic’ and that ‘there is 
no such thing as absolute, complete, unimpeachable and non-revisable 
certainty in the empirical world’182 is clearly reflected in the criminal 
standard of proof. Proof beyond reasonable doubt does not mean beyond 
all doubt, or every conceivable doubt. As per Lord Denning183 the 
criminal standard needs not reach certainty, but it must carry a high 
degree of probability. Proof ‘beyond reasonable doubt’ does not mean 
proof ‘beyond the shadow of doubt’. According to POI an accused is not 
required to prove his innocence but only needs to establish a reasonable 
doubt that he might be innocent in order to secure an acquittal. This 
‘doubt’ needs to be reasonable, that is probable under the facts and 
evidence in the case. As per Lord Denning, the law would fail to protect 
the community if it admitted fanciful possibilities to deflect the course of 
justice. If the evidence is so strong against the defendant as to leave only 
a remote possibility in his favour which can be dismissed with the sen
tence ‘of course it is possible, but not in the least probable’, the case is 
proved beyond reasonable doubt; nothing short of that will suffice.184

Lord Denning’s reasoning is particularly important in the context of 
the evaluative opinions which are based on opposing propositions 
conditioned on the framework of circumstances. There is no obligation 
on the expert to consider propositions or alternative explanations that 
do not find support on the case context. It is well recognised that ‘the 
duty of the prosecution to prove an accused person’s guilt… does not 
involve that the prosecution must speculate as to and specifically 
anticipate every conceivable explanation that an accused person might 
offer’.185 As discussed above, first, the opposing propositions need not 
be exhaustive for evaluative reporting of the evidence based on the LR 

175 The suitability of the approach has also been questioned from a probabi
listic perspective; see e.g. Ref. [127] p.182 who argues that Bayesian Networks 
cannot assist in combining evidence across different types due to a discrepancy 
in the value K across the evidence types. Moreover, it can be argued that the 
(un)suitability is not (only) due to an oversimplification of the legal arguments 
in the probabilistic models and/or due to complexity - which could be 
addressed via computerised methods as argued e.g. in Ref. [140].
176 Eg Dreyfus Case in 1894 see Ref. [141]. See also People v. Collins [142] 
where the use of statistics was characterised by two errors: 1) It underestimated 
the probability that some evidence would be observed if the defendants were 
innocent by failing to consider dependence between components of the evi
dence; and 2) It implied that the low probability from the calculation in 1) was 
synonymous with innocence (the ‘prosecutors’ fallacy). Since then the same 
errors (either in combination or individually) have occurred in well reported 
cases such as [143–145]. As Fenton et al. [140] note, the use of statistics in a 
correct way exposed errors in the original calculations and enabled the con
victions to be reversed on appeal, yet the incorrect use of statistics is the one 
that leaves an ‘indelible stain’; moreover the role of legal professionals who 
allow expert witnesses to commit the same well-known statistical errors 
repeatedly is rarely questioned.
177 See e.g. [32,140,146–149].
178 [150] at p.261 referring to Kaplan’s decision theory which defines the 
optimal decision in terms of the relative desirability of the various possible 
decision consequences, weighted by their probability of occurrence, see 
Ref. [151].

179 On the complexity of the standard from a US perspective see Ref. [152].
180 On the jurisprudential foundations of English criminal law’s steeply 
asymmetric standard of proof, see Ref. [45].
181 See the above mentioned ‘Blackstone ratio’. Criminal procedure ideally 
seeks to achieve a balance between competing values and objectives and to 
ensure the equality of arms regardless of the practical inequalities and 
imbalances.
182 [88] at p.39.
183 Lord Denning in Miller v Minister of Pensions [153], 373–4.
184 Lord Denning [153]. Note that juries in England and Wales are directed that 
they should be “sure” of the accused’s guilt before convicting which arguably is 
a more effective way of communicating the meaning of the traditional standard 
to juries – for a commentary see Ref. [45].
185 As per Lord Morris in Bratty v Attorney General of Northern Ireland [154].

O. Sallavaci                                                                                                                                                                                                                                      Forensic Science International: Synergy 11 (2025) 100591 

15 



approach but must be based on the case circumstances. Second, it would 
benefit the defence to contribute any information based on which one or 
more opposing propositions can be selected to be considered by the 
expert. At the same time the defence is not automatically entitled to 
every possible explanation compatible with innocence being considered 
as a formal proposition if this is without basis.

Part of the criticism surrounding the use of probabilistic evidence 
reported via LRs relates to the (erroneous) perception that the consid
eration of the opposing propositions (often but not necessarily always 
representing the prosecution and the defence case respectively) ‘waters 
down’ the POI and transform the standard of proof to one akin to the 
civil standard. “In criminal trials, triers are prohibited from putting a 
defence hypothesis into a contest with the prosecution’s case, as such an 
approach is inconsistent with the presumption of innocence. The Crown 
prosecution must establish its case beyond a reasonable doubt. It is not a 
question of which hypothesis as to DNA identity is more likely to be 
true.”186 “… LRs are created by assuming the defendant is in fact guilty 
(his DNA is in the mix), and then weighing that assumption against the 
assumption that the defendant is not in fact guilty (not in the mixture). 
The possibility of guilt and innocence (inclusion or exclusion) are 
treated equally, thus shifting the burden of proof to something more 
akin to a civil standard.”187 “… the two positions are not supposed to be 
weighed against each other in a criminal trial”.188 “… the introduction 
of probability evidence in criminal trials invites the jury to render a 
guilty verdict with proof less than beyond reasonable doubt.”189 In State 
v Tyrone [38] the defendant asserted that ‘probabilistic genotyping vi
olates … the United States Constitution because it shifts the burden of 
proof because likelihood ratios prompt juries to convict “without proof 
beyond a reasonable doubt," thereby altering the State’s burden of 
proof’ [38].

Several misinterpretations can be observed in the above criticism 
surrounding the use of LRs - some of which have already received 
attention above. First, adversarial criminal trials “are not objective in
quiries into past events, but adversarial contests, in which parties, who 
have a vital interest in the outcome, not only decide what evidence they 
wish to present and prevent from being presented, but also present the 
evidence in as persuasive a manner as possible, a manner calculated to 
win them the sympathy and support of the court. Each party also seeks to 
persuade the court, by means of partisan, persuasive argument, to 
interpret the evidence in a light favourable to his case”.190 The adver
sarial contest nature of the criminal trial191 should thus not be ignored, 
nor should it be interpreted as a dilution of the standard of proof.

Most importantly, there can be observed a tendency to equate expert 
evaluation of an item of evidence based on one or more pairs of alter
native propositions with the factfinder’s assessment of the prosecution 
and defence cases. The evaluative reporting of the strength of the evi
dence does not affect the prosecution’s duty to prove the case beyond 
reasonable doubt.192 From the context of the use of the LR approach of 
evidence evaluation, the matter is not one of the probabilities of guilt 
and innocence being treated equally for the purposes of proving the 
case. Guilt or innocence are beyond an expert’s remit; nor does an expert 

directly engage with which alternative (pro)position (prosecution or 
defence) is more probable.193 A defendant’s contribution to a DNA 
mixture or lack thereof, are mutually exclusive alternatives in relation to 
which the relevance and the probative value (i.e. strength) of the evi
dence itself is assessed: a defendant either is a contributor or is not a 
contributor to a DNA mixture. A neutral or inconclusive evidence would 
be lacking probative value and thus would be irrelevant and inadmis
sible. The LR approach of evidence evaluation provides an assessment of 
the strength of support the evidence gives to one proposition against a 
stated alternative.194 It answers the key questions as to, first, whether 
the evidence is relevant i.e. whether it affects the respective probabili
ties of the opposing propositions and second, what is the probative value 
of the evidence i.e. what is the size of impact of the evidence on the 
probabilities of the opposing propositions. As the RSS observes, in 
absence of the two opposing propositions the analysis of the probative 
value of the evidence cannot even begin [88].

The LR approach can be seen as a manifestation of the fundamental 
evidentiary principle of relevance according to which any evidence 
adduced in the proceedings can only be admitted if (sufficiently) rele
vant. In DPP v Kilbourne Ld. Simon of Glaisdale held that “Evidence is 
relevant if it is logically probative or disprobative of some matter which 
requires proof. It is sufficient to say … that relevant (i.e. logically pro
bative or disprobative) evidence is evidence which makes the matter 
which requires proof more or less probable” [156]. It is clear therefore 
that for any evidence to be relevant and admissible in legal proceedings, 
it must affect the probability that a fact in issue is true or false.195

Incriminating evidence increases the probability that the accused is 
guilty and reduces the probability that he is innocent. On the other hand, 
evidence which reduces the probability that the accused is guilty and 
increases the probability that the accused is innocent – is exculpatory. 
Evidence that neither increases nor decreases the probability that the 
accused is guilty is irrelevant and therefore inadmissible.

Relevance and probative value are relative, not absolute, concepts. 
They depend on the facts that the evidence purports to prove and on the 
type of contribution that the evidence makes in proving them [88]. PG 
DNA can contribute at the sub-source level of inquiry i.e. whether D is or 
not one of the contributors to the DNA mixture. However, depending on 
the type of the offence, circumstances of the case, the facts in issue, the 
level and type of propositions to be evaluated,196 the probative value of 
the same item of evidence i.e. the support it provides for the prosecution 
or the defence case can vary from one case to another. This is especially 
important also in terms of how it affects the admissibility of the evi
dence. Where the identity of the offender is the key issue in the case, the 
DNA evidence may provide significant support to prove or disprove that 
issue. In cases of complex mixtures, the limitations of the probative 
value of the evidence even in terms of identification need be fully un
derstood and appreciated in order for determinations on relevance and 
admissibility to be made. Where the issue that requires proof relates to 
an activity level proposition,197 where there are alternative explanations 
for the presence of D’s DNA in the mixture related to transfer and 
persistence, or where the fact in issue relates to specific elements of the 
actus reus or mens rea of an offence e.g. consent in a sexual offence case, 
or to defences that may be raised e.g. a claim of self-defence, the 
contribution of the DNA evidence could be minimal if at all relevant.186 [6] at p.17.

187 [31] at p.113.
188 [31] p.142.
189 [31] p.139.
190 [155] at p.3.
191 At least in the Anglo- American tradition which is the focus of this study.
192 The prosecution cannot simply argue that its case is more likely than the 
defence’s case. In fact, if the jury finds the prosecution’s case is equally or more 
likely to the defence case, in line with POI, the defendant should be acquitted as 
surely there will be a reasonable doubt in favour of his innocence and the 
prosecution would not have proved its case.

193 See above the discussion on ‘prosecutor’s fallacy’ – the matter is about the 
probability of observing the findings/evidence given each alternative proposi
tion not of the probability of the propositions themselves.
194 [3] p.22.
195 [88] p.40.
196 See above the discussion on the hierarchy of the propositions.
197 On challenges surrounding activity level propositions and transfer/persis
tence/recovery issues see Ref. [157]. This study shows variance between lab
oratories which raises questions about the reliability of the results, presenting 
additional challenges for courts and all the stakeholders involved.
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Relevance is a legal not simply a logical concept. Technically, once 
the evidence is relevant, it could be admissible – even if it only slightly 
increases/decreases the probability of a fact. The probative value of the 
evidence i.e. the weight of the evidence is a question for the factfinder to 
determine. Issues concerning the use of LR approach such as the selected 
propositions, calculations done by the expert, the strength of the evi
dence, would usually affect the weight of the evidence. However, 
sometimes evidence will be deemed “irrelevant” or “insufficiently rele
vant” where, though technically relevant, its strength in this regard is 
outweighed by the costs of admitting the evidence. Costs may include 
the risk of prejudice to the defendant; the evidence being superfluous or 
too remote; where the evidence is likely to mislead or confuse the jury; 
where the evidence is likely to result in a multiplicity of issues or to 
cause unnecessary expense or delay. If the evidence does not have a 
sufficient degree of relevance to outweigh the costs of admitting it, the 
evidence may either be deemed inadmissible or be dealt with by judicial 
discretion to exclude otherwise admissible evidence.198

It is strongly recommended that all these evidentiary considerations 
affecting the admissibility of evidence, alongside requirements that 
specifically relate to the reliability and validity of the scientific 
methods199 should be carefully taken into account and applied by courts 
when deciding on the admissibility of forensic evidence generally and 
algorithmic based ones, such as PG DNA. In many cases existing 
evidentiary safeguards applicable to all types of (forensic) evidence may 
be sufficient and offer robust protection to fair trial rights, however in 
some (if not all) jurisdictions, statutory reform may be necessary to 
prescribe the scope of the use of particular items of evidence.200 For 
instance specific requirements may be introduced, where they do not 
already exist, that the prosecution case and especially a conviction 
should not be based solely on PG DNA evidence, but needs to be sup
ported201 by other incriminating evidence of a different source. Statu
tory reform may also be necessary to regulate and to promote the 
validity and accountability of forensic methods and systems especially 
those that engage advanced computational technology which raise 
additional challenges to fairness, due process and fundamental criminal 
justice principles.202 Requirements related to the defence rights to 
disclosure and access to justice should also be taken into consideration 
to determine the admissibility of the evidence and which party bears the 
burden of proving the validity and reliability of the scientific methods 

used.203

The main aim of forensic science regulation is to ensure that accurate 
and reliable scientific evidence is used in criminal proceedings and to 
minimise the risk of a quality failure. As noted above, forensic evidence 
can contribute to enhancing the accuracy of the verdict thus upholding 
POI only if valid and reliable. In this author’s opinion, calls for reform 
that seek to introduce presumptive inadmissibility provisions for 
(algorithmic) evidence such as PG DNA based on its inherent complexity 
and due to the use of LRs approach for evaluative reporting of the re
sults, exceed what needs be achieved.204 Concerns with the way LRs are 
calculated, the propositions considered in specific cases and the strength 
of the evidence, usually affect the weight rather than the admissibility of 
the evidence. Any regulatory reform proposals should be free from 
fallacious reasoning about evidence, its value and limitations and about 
the role of the expert in criminal proceedings. The use of the LR 
approach does not infringe POI. It is important that the true meaning of 
the expert’s evaluative reports and its limitations must be properly un
derstood and be clearly communicated. Adequate sharing of the re
sponsibility between the legal and forensic communities, effective 
training and education that aims to improve the communication be
tween different communities and actors in the criminal justice system 
and especially the understanding of the evidence, limitations and the 
processes involved, will lead to a safer reception of scientific evidence 
and delivery of justice.

7. Conclusion

The criticism surrounding new algorithmic based forensic technol
ogies such as PG DNA, encountered in litigation practice, legal com
mentary and regulatory reform initiatives for advanced AI technologies 
in criminal justice, concerns inter alia the way the expert results are 
reached and reported. It extends to the probabilistic evaluation and 
presentation of evidence via LRs which in recent years has been pro
moted by the forensic community as the correct way to reach evaluative 
expert opinions and as a shift from unfounded categorical results 
traditionally associated with many areas of forensic science. Having 
considered whether evaluative reporting of forensic evidence via the use 
of LRs infringes POI, this study revealed underlying fundamental mis
understandings of the role of the expert, how the LR calculations are 
arrived at, the significance and limitations of the evidence as well as the 
very meaning of POI in the context of the forensic evidence and formal 
methods of reasoning. Given these misconceptions, it is dangerous to 
call for a ban, restriction or presumed inadmissibility of particular types 
of forensic evidence on the basis of their underlying complexity and 
because they use the LR approach for evaluating the results. These 
evidentiary measures would be unproportionate and risk undermining 
broader important initiatives made by the forensic community to ensure 
the integrity, validity and reliability of forensic evidence in the criminal 
proceedings.

As the basis of forensic expert evidence evaluation, the LR approach 
does not infringe POI in and of itself. It does not introduce a ‘pre
sumption of guilt’ nor does it dilute the standard of proof. In fact the LR 
approach ensures a clear division between different stakeholder roles in 
the criminal justice setting: while the expert reports on the value of the 
evidence given one or more pairs of alternative propositions framed in 
the case context, it is for the instructing party to decide how the evidence 
fits within and/or supports its case and whether it should be adduced; it 
is for the trial judge to decide on its admissibility given fundamental 
considerations such as the relevance and reliability of the evidence. 
Finally, it is for the factfinder/the jury to make the necessary inferences 

198 In such cases, the evidence is deemed relevant, but the judge exercises 
discretion to exclude relevant evidence. See e.g. Ref. [158] pp. 32-34.
199 Some jurisdictions have specific admissibility requirements related to the 
reliability of the evidence - for a review see e.g. Ref. [159]. In England and 
Wales, expert evidence as to forensic science activities is also potentially subject 
to the Forensic Science Regulator Act 2021 (“FSR Act”) and the Forensic Sci
ence Regulator Code of Practice (“FSR Code”) [160,161]. When applicable, the 
Act and the Code apply to both prosecution and defence experts. Compliance 
with the FSR Code and the FSR Act is a mark of reliability for prosecutors, the 
courts and others. Where the FSR code does not apply, or forensic evidence is 
not FSR Code compliant closer scrutiny is required by instructing parties and 
the courts. Courts may follow the Criminal Practice Directions [132] to assess 
the reliability of expert evidence. In many cases the issue is likely to be the 
weight to be given to the evidence rather than its admissibility although that 
will ultimately be a matter for the court.
200 In Canada e.g. Parliament has enacted Criminal Code provisions to 
expressly set out preconditions to admissibility of certain types of evidence. See, 
e.g., Criminal Code, RSC 1985, c. C-46, section 276, section 269.1, section 277, 
section 278.92, section 320.31, and section 320.32. See [6,162].
201 In Scotland, two sources of reliable and credible evidence are required to 
corroborate that an offence was committed i.e. the case against the accused, not 
the separate elements of the offence individually [163].
202 See for instance Ref. [4] The application of these requirements needs be 
explored elsewhere. 203 These relate inter alia to the heavily litigated ‘source code’ disclosure for 

PG Software and whether particular evidence falls within the parameters of 
validation studies.
204 See Ref. [6].
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that may transform an evaluative forensic opinion at the sub-source, 
source or activity level to proof of a particular fact which could, 
together with all the other considerations and evidence in the case ul
timately support a decision of guilt or innocence.

A broad view of POI sees the defendant as an active participant 
throughout the criminal justice process with rights and duties. While 
forensic evaluative opinions do not demand defence contribution, they 
are framed on the case framework of circumstances which includes any 
exculpatory information or alternative explanations. As such expert 
evaluative opinions would certainly benefit from the defence contribu
tion, which is in line with its normative duties and the way POI is 
manifested throughout the criminal justice process. At the same time the 
defence benefits by an evaluative approach to evidence that considers 
not only inculpatory but also exculpatory information and propositions.

Alongside the application of existing evidentiary safeguards, statu
tory reform to prescribe the scope of use of specific types of evidence and 
any related conditions, as well as regulatory frameworks that promote 
the validity and the accountability of forensic methods and systems - 
especially those that engage advanced computational technology – is 
recommended. In addition, the way forward should see a better sharing 
of the responsibility between the legal and forensic communities to 
address the complexity of the evaluative approach and probabilistic 
reporting of the evidence; to ensure that the evidence, its meaning and 
significance in the context of a case are adequately reported, commu
nicated and understood. This needs be achieved from the investigatory 
phase, the pre-trial communication between the instructing authority or 
party with the forensic scientist. Forensic evidence has the potential to 
immensely contribute to the criminal trial commitment to accuracy 
which best serves POI. A commitment to accuracy should be shared by 
both the legal actors and experts; it needs to be reflected in trial nar
ratives and any misunderstanding should be clarified. The jury need be 
educated as far as the trial process allows and is practicable but above 
all, it should be properly directed by the trial judge on the meaning of 
the evidence and potential misinterpretations of its significance. This 
requires that judges (and other legal stakeholders) themselves gain an 
adequate understanding of these matters to ensure a safer reception of 
forensic evidence through training and cooperation with the forensic 
community.

Efficient communication between different stakeholders is funda
mental to preserve POI, the integrity of the criminal justice process and 
to avoid miscarriages of justice. An adequate communication of case 
information by the investigating authorities/instructing party to the 
forensic expert will lead to more accurate, reliable and relevant results. 
The adequate communication of the value and limitations of the evi
dence by the forensic expert will lead to better investigations and better 
prepared cases, as well as to a better understanding of the evidence at 
trial, improved trial narratives, accurate judicial directions and ulti
mately just and safe decisions. It is hoped that the clarifications made in 
this study on some misconceptions concerning the use of PG DNA, will 
lead to an improved reception of forensic evidence generally and a 
better regulation of AI and advanced computational technology based 
forensic evidence in a way that promotes the relevance and reliability of 
the evidence and upholds POI as a core principle of the criminal justice.

Declaration of competing interest

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper.

References

[1] Algorithms used in federal law enforcement. https://www.gao.gov/assets/710/7 
06849.pdf, 2020.

[2] Galante, et al., ‘Applications of artificial intelligence in forensic sciences: current 
potential benefits, limitations and perspectives’, Int. J. Leg. Med. 2023 (137) 
(2022) 445–458, https://doi.org/10.1007/s00414-022-02928-5.

[3] Guideline ENFSI, For evaluative reporting in forensic science. http://enfsi.eu/ 
wp-content/uploads/2016/09/m1_guideline.pdf, 2016.

[4] Text - H.R.2438–117th Congress (2021-2022): Justice in Forensic Algorithms Act 
of 2021 | Congress.Gov | Library of Congress.

[5] M. Coble, J.-A. Bright, ‘Probabilistic genotyping software: an overview’, Forensic 
Sci. Int.: Genetics (Austin, Tex.) 38 (2019) (2019) 219–224, https://doi.org/ 
10.1016/j.fsigen.2018.11.009.

[6] Law Commission of Ontario, AI case study: probabilistic genotyping DNA tools in 
Canadian criminal courts LCO reports june 2021. https://www.lco-cdo.org/en 
/our-current-projects/ai-adm-and-the-justice-system/ai-case-study-pg/, 2021.

[7] EU AI Act https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A5 
2021PC0206&qid=1721039415370.

[8] M.A. Marciano, J.D. Adelman, ‘PACE: probabilistic Assessment for Contributor 
Estimation—a machine learning-based assessment of the number of contributors 
in DNA mixtures’, Forensic Sci. Int. Genet. 27 (2017) 82–91.

[9] C.C. Benschop, J. van der Linden, J. Hoogenboom, R. Ypma, H. Haned, 
‘Automated estimation of the number of contributors in autosomal short tandem 
repeat profiles using a machine learning approach’, Forensic Sci. Int. Genet. 43 
(2019) 102150.

[10] M. Kruijver, H. Kelly, K. Cheng, M.-H. Lin, J. Morawitz, L. Russell, J. Buckleton, 
J.-A. Bright, ‘Estimating the number of contributors to a DNA profile using 
decision trees’, Forensic Sci. Int. Genet. 50 (2020) 102407.

[11] Forensic Science Regulator Guidance DNA Mixture Interpretation FSR-G-222 
Issue 3 available at https://www.gov.uk/government/publications/dna-mixture- 
interpretation-fsr-g-222.

[12] Forensic Science Regulator Guidance Software Validation For DNA Mixture 
Interpretation FSR-G-223 Issue 2 available at https://www.gov.uk/government/p 
ublications/software-validation-for-dna-mixture-interpretation-fsr-g-223.

[13] Scientific Working Group on DNA Analysis Methods (SWGDAM), Guidelines for 
the validation of probabilistic genotyping systems. www.swgdam.org/pub 
lications, 2015, 4344b0_22776006b67c4a32a5ffc04fe3b56515.pdf (swgdam. 
org).

[14] R. Puch-Solis, S. Pope, Interpretation of DNA data within the context of UK 
forensic science — evaluation, Emerging Topics in Life Sciences 5 (2021) (2021) 
405–413, https://doi.org/10.1042/ETLS20200340.

[15] J. Buckleton, et al., ‘The probabilistic genotyping software STRmix: utility and 
evidence for its validity’, J. Forensic Sci. 64 (2) (2019) https://doi.org/10.1111/ 
1556-4029.13898. March 2019.

[16] P. Gill, et al., ‘A review of probabilistic genotyping systems: EuroForMix, 
DNAStatistX and STRmix™’, Genes 12 (2021) 1559, https://doi.org/10.3390/ 
genes12101559, 2021.

[17] O. Sallavaci, The Impact of Scientific Evidence on the Criminal Trial: the Case of 
DNA Evidence, Routledge, London, 2014. ISBN 978-0-415-72020-5.

[18] J. Matthews, et al., ‘The right to confront your accusers: opening the black box of 
forensic DNA software’, in: Proceedings of S ’19, 2019, ACM, New York, NY, USA, 
2019 https://doi.org/10.1145/3306618.3314279. January 27–28, Honolulu, HI, 
USA (AIES’19).

[19] K. Kwong, ‘The Algorithm Says You Did it: The Use of Black Box Algorithms to 
Analyse Complex DNA Evidence’ Harvard J Law Tech 31 (1) (2017) 275–301.

[20] E.J. Imwinkelried, ‘Computer source code: a source of the growing controversy 
over the reliability of automated forensic techniques’ DePaul Law Rev. 66 (1) 
(2017) 97.

[21] J. Burrell, How the machine ’thinks:’ understanding opacity in machine learning 
algorithms’, Big Data & Society (2016) 1–12, https://doi.org/10.1177/ 
2053951715622512. January–June 2016.

[22] A. Babuta, M. Oswald, C. Rinik, Machine Learning Algorithms and Police 
Decision-Making: Legal, Ethical and Regulatory Challenges, Royal United 
Services Institute for Defence and Security Studies Whitehall Report, 2018, 
pp. 3–18. https://www.rusi.org/explore-our-research/publications/whitehall- 
reports/machine-learning-algorithms-and-police-decision-making-legal-e 
thical-and-regulatory-challenges.

[23] J. Cino, ‘Deploying the secret police: the use of algorithms in the criminal justice 
system’ GA. ST. U, Law Review 34 (4) (2018) 1073.

[24] Fair Trials, Regulating artificial intelligence for use in criminal justice systems in 
the EU - policy paper. https://www.fairtrials.org/app/uploads/2022/01/ 
Regulating-Artificial-Intelligence-for-Use-in-Criminal-Justice-Systems-Fair-Trials. 
pdf, 2022.

[25] Law Commission of Ontario, The rise and fall of AI and algorithms in American 
criminal justice: lessons for Canada, (toronto: october 2020) available at. htt 
ps://ssrn.com/abstract=3773651, 2020.

[26] House of Commons Science and Technology Committee, Current and Future Uses 
of Biometric Data and Technologies Sixth Report of Session 2014–15, 2015. 
House of Lords Justice and Home Affairs Committee (2022) Technology rules? 
The advent of new technologies in the justice system 1st Report of Session 
2021–22 HL Paper 180.

[27] United Nations Interregional Crime and Justice Research Institute (UNICRI) and 
The International Criminal Police Organization (INTERPOL), Artificial 
intelligence and robotics for law enforcement. http://unicri.eu/in_focus/on/inte 
rpol_unicri_report_ai, 2019.

[28] United Nations Interregional Crime and Justice Research Institute (UNICRI) and 
The International Criminal Police Organization (INTERPOL), Toward responsible 
AI innovation: second INTERPOL-UNICRI report on artificial intelligence for law 
enforcement. http://unicri.eu/in_focus/on/Towards_Responsible_Artificial_Inte 
lligence_Innovation, 2020.

O. Sallavaci                                                                                                                                                                                                                                      Forensic Science International: Synergy 11 (2025) 100591 

18 

https://www.gao.gov/assets/710/706849.pdf
https://www.gao.gov/assets/710/706849.pdf
https://doi.org/10.1007/s00414-022-02928-5
http://enfsi.eu/wp-content/uploads/2016/09/m1_guideline.pdf
http://enfsi.eu/wp-content/uploads/2016/09/m1_guideline.pdf
https://doi.org/10.1016/j.fsigen.2018.11.009
https://doi.org/10.1016/j.fsigen.2018.11.009
https://www.lco-cdo.org/en/our-current-projects/ai-adm-and-the-justice-system/ai-case-study-pg/
https://www.lco-cdo.org/en/our-current-projects/ai-adm-and-the-justice-system/ai-case-study-pg/
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52021PC0206&amp;qid=1721039415370
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52021PC0206&amp;qid=1721039415370
http://refhub.elsevier.com/S2589-871X(25)00020-8/sref8
http://refhub.elsevier.com/S2589-871X(25)00020-8/sref8
http://refhub.elsevier.com/S2589-871X(25)00020-8/sref8
http://refhub.elsevier.com/S2589-871X(25)00020-8/sref9
http://refhub.elsevier.com/S2589-871X(25)00020-8/sref9
http://refhub.elsevier.com/S2589-871X(25)00020-8/sref9
http://refhub.elsevier.com/S2589-871X(25)00020-8/sref9
http://refhub.elsevier.com/S2589-871X(25)00020-8/sref10
http://refhub.elsevier.com/S2589-871X(25)00020-8/sref10
http://refhub.elsevier.com/S2589-871X(25)00020-8/sref10
https://www.gov.uk/government/publications/dna-mixture-interpretation-fsr-g-222
https://www.gov.uk/government/publications/dna-mixture-interpretation-fsr-g-222
https://www.gov.uk/government/publications/software-validation-for-dna-mixture-interpretation-fsr-g-223
https://www.gov.uk/government/publications/software-validation-for-dna-mixture-interpretation-fsr-g-223
http://www.swgdam.org/publications
http://www.swgdam.org/publications
https://doi.org/10.1042/ETLS20200340
https://doi.org/10.1111/1556-4029.13898
https://doi.org/10.1111/1556-4029.13898
https://doi.org/10.3390/genes12101559
https://doi.org/10.3390/genes12101559
http://refhub.elsevier.com/S2589-871X(25)00020-8/sref17
http://refhub.elsevier.com/S2589-871X(25)00020-8/sref17
https://doi.org/10.1145/3306618.3314279
http://refhub.elsevier.com/S2589-871X(25)00020-8/sref19
http://refhub.elsevier.com/S2589-871X(25)00020-8/sref19
http://refhub.elsevier.com/S2589-871X(25)00020-8/sref20
http://refhub.elsevier.com/S2589-871X(25)00020-8/sref20
http://refhub.elsevier.com/S2589-871X(25)00020-8/sref20
https://doi.org/10.1177/2053951715622512
https://doi.org/10.1177/2053951715622512
https://www.rusi.org/explore-our-research/publications/whitehall-reports/machine-learning-algorithms-and-police-decision-making-legal-ethical-and-regulatory-challenges
https://www.rusi.org/explore-our-research/publications/whitehall-reports/machine-learning-algorithms-and-police-decision-making-legal-ethical-and-regulatory-challenges
https://www.rusi.org/explore-our-research/publications/whitehall-reports/machine-learning-algorithms-and-police-decision-making-legal-ethical-and-regulatory-challenges
http://refhub.elsevier.com/S2589-871X(25)00020-8/sref23
http://refhub.elsevier.com/S2589-871X(25)00020-8/sref23
https://www.fairtrials.org/app/uploads/2022/01/Regulating-Artificial-Intelligence-for-Use-in-Criminal-Justice-Systems-Fair-Trials.pdf
https://www.fairtrials.org/app/uploads/2022/01/Regulating-Artificial-Intelligence-for-Use-in-Criminal-Justice-Systems-Fair-Trials.pdf
https://www.fairtrials.org/app/uploads/2022/01/Regulating-Artificial-Intelligence-for-Use-in-Criminal-Justice-Systems-Fair-Trials.pdf
https://ssrn.com/abstract=3773651
https://ssrn.com/abstract=3773651
http://refhub.elsevier.com/S2589-871X(25)00020-8/sref26
http://refhub.elsevier.com/S2589-871X(25)00020-8/sref26
http://refhub.elsevier.com/S2589-871X(25)00020-8/sref26
http://refhub.elsevier.com/S2589-871X(25)00020-8/sref26
http://refhub.elsevier.com/S2589-871X(25)00020-8/sref26
http://unicri.eu/in_focus/on/interpol_unicri_report_ai
http://unicri.eu/in_focus/on/interpol_unicri_report_ai
http://unicri.eu/in_focus/on/Towards_Responsible_Artificial_Intelligence_Innovation
http://unicri.eu/in_focus/on/Towards_Responsible_Artificial_Intelligence_Innovation
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