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The most consistent finding in forensic science is inconsistency
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The most consistent finding in many forensic science domains is inconsistency (i.e.,
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lack of reliability, reproducibility, repeatability, and replicability). The lack of consist-
ency is a major problem, both from a scientific and a criminal justice point of view.
Examining forensic conclusion data, from across many forensic domains, highlights
the underlying cognitive issues and offers a better understanding of the issues and
challenges. Such insights enable the development of ways to minimize these incon-
sistencies and move forward. The aim is to highlight the problem, so that it can be
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1 | INTRODUCTION

What is the most consistent finding across many forensic domains? The
most consistent finding is... inconsistency (i.e., lack of reliability, repro-
ducibility, repeatability, and replicability). As | point out below, this is a
major problem, both from a scientific and a criminal justice point of view.
Then, | present and organize research data, so we better understand the
problem. | conclude with ways to minimize these inconsistencies and
move forward. In order to deal with this issue and improve the reliability
of forensic science, we must first highlight and acknowledge the problem.

2 | THE PROBLEM

One of the most fundamental requirements of any scientific en-
deavor is consistency. Consistency—what is often termed in science

minimized and the reliability of forensic science evidence can be improved.

cognitive bias, conclusions, decision making, expertise, forensic conclusions, human factors,
linear sequential unmasking, reliability, variability

e Consistency in conclusions (between and within examiners) is critical for science and for justice.
e Across the majority of forensic domains, there is a lack of consistency in forensic decisions.
e Inconsistencies can emerge from differences in observations or/and differences in

e Consistency can be enhanced by taking into account human factors involved in forensic deci-

e Using procedures, such as linear sequential unmasking (LSU-E), can reduce inconsistencies.

as reliability (also sometimes referred to as variability)—is about get-
ting the same results when examining the same evidence.

From a scientific point of view, it does not matter who or where an
analysis is conducted, the same analysis must yield the same results.
There can be no science if the same exact analysis gives different re-
sults. It is important to distinguish between reliability and validity: Va-
lidity refers to whether the results are correct; in contrast, reliability is
concerned with whether results are consistent (regardless of whether
they are correct). There can be no validity without reliability. In fact,
one cannot even consider or examine validity if there is no reliability.

For example, one can ask whether a scale gives the correct weight
(validity) only if the scale is reliable. That is, if | go on the scale, and it
reliably (consistently) says | am 170 pounds, only then can one con-
sider whether or not the scale is giving my correct weight (maybe it is
my correct weight and the scale is giving a valid result, or | may actu-
ally be 180 pounds, in which case the result is not valid and the scale
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needs calibration or fixing). However, imagine | go on the scale, and it
reads 170 pounds; | get off the scale and on again, but this time it reads
180 pounds; and then when | go off and on again, it now reads 190
pounds—the results are all over the place: there is no reliability (con-
sistency) in results. In such a case, without reliability, one cannot even
ask about validity (if the results are all over the place, inconsistent, then
one cannot ask whether the scale is giving the correct result). Only
when there is consistency, can one then ask whether the result is valid.

From a criminal justice point of view, it seems totally unaccept-
able that whether a person ends up being convicted, or not, may
depend on the luck of who examined the forensic evidence. That is,
without consistency different forensic experts reach different con-
clusions, then the results of the forensic examination (e.g., whether
| am identified or the results are inconclusive) depends on which ex-
aminer analyses the evidence. If it is examiner X, then | am identified;
if it is examiner Y, then | am not identified. Without consistency, the
result of the forensic examination can depend on who does the anal-
ysis (“Eeny, Meeny, Miny, Moe, with which expert should we go?”
[1])-that should not be the case.

Furthermore, of course, from a legal point of view, if another fo-
rensic examiner can legitimately have an alternative different con-
clusion about the same evidence, then ‘reasonable doubt’ has been
demonstrated.

Hence, both from a scientific point of view, as well as from a crim-
inal justice point of view, inconsistency is a major problem. There are
those who try to evade this serious concern by a misguided view
that there can be two different valid conclusions about the same ev-
idence, and hence that different conclusions can all be correct. For
example, in many black box studies, when examiners reach different
conclusions (e.g., an identification and an inconclusive), both conclu-
sions are considered and calculated as correct [2].

Such a view undermines the very foundation of forensic (or any
other) science, as it makes forensic science a matter of ‘personal
taste’ (I can like sushi and you can like pasta; | can like my steak rare
and you can like it well done...). That is okay when it comes to per-
sonal taste, but when it comes to science, if we have different con-
clusions about the same data, then one of us is right and one of us is
wrong (actually, it may even be that both of us are wrong; what we

know, as a matter of fact, is that at least one of us is wrong).

3 | THE DATA

What do the data say? Across many forensic domains, the data
are clear: There is consistently a lack of consistency in forensic
conclusions! The most consistent finding in forensic science is...
inconsistency.

Research on fingerprinting (one of the most used forensic do-
mains, that has been around for a very long time) has found that
when the same examiner, examines the same pair of prints, 10% of
the time they will reach different conclusions, that is, when they ex-
amine the same pair of prints on two separate occasions [3] (see also
[4,5]).

There is lack of consistency not only in the conclusions (iden-
tification, exclusion, or inconclusive) but also about whether a fin-
germark is of sufficient quality for comparison [6]. Same story with
DNA, where research shows “notable variation in whether labs
would assess a given mixture as suitable or not” [7].

Further inconsistency is also apparent in what is observed: Dif-
ferent examiners analyzing the same fingermark see different mi-
nutia, and even the same examiner, examining the same fingermark,
each time sees different minutia [8]. Findings in some studies (e.g.,
[3,7]) reveal inconsistencies that do not arise from bias due to task
irrelevant contextual information. Thus, the aforementioned stud-
ies (and others) show that examiners' judgments were inconsistent
even when the context in which those decisions were made was not
changed (or contextual information was not given altogether).

DNA, often termed as the gold standard and praised for using
statistics, also suffers from inconsistency. In 2011, the first publi-
cation revealing that different DNA analysts (from the same foren-
sic laboratory) examining the same DNA mixture, reached different
conclusions [9]. Since then, NIST published in 2018 the Mix05 and
Mix13 studies [10], showing “variations observed among laboratory
results”. Further studies repeatedly show that forensic experts are
inconsistent in DNA mixture conclusions, for example, “LR values
obtained show a wide range of variation” [11].

If DNA and fingerprinting, two very established forensic do-
mains, show that expert analysts lack consistency in their conclu-
sions, experts in many other forensic domains surely suffer from
the same problem. Indeed, lack of consistency is found across many
other forensic domains: Digital forensic studies have shown, for
example, “Results showed low reliability between DF examiners in
observations, interpretations, and conclusions” [12]. Firearms stud-
ies have shown, for example, “that there are differences in examiner
conclusions when examining the same evidence” [13]. Specifically,
in firearms for example “when averaged over bullets and cartridge
cases, the repeatability of comparison decisions (involving all levels
of the AFTE Range) was 78.3% for known matches and 64.5% for
known nonmatches. Similarly averaged reproducibility was 67.3%
for known matches and 36.5% for known nonmatches” [14].

It is the same story across many other forensic domains: Bloodstain
pattern analysis (BPA) studies have shown, for example, “The results
show limited reproducibility of conclusions” [15]. It is also the same for
footwear [16], forensic psychology [17], CSI [18], document examina-
tion [19], and the list goes on and on, covering many (not all, but many)
forensic domains, showing lack of consistency. It is important to note
that such inconsistencies are much more pronounced in the more diffi-
cult cases (e.g., near the threshold or close non-matches [20]) and that

they vary across forensic domains (e.g., see misconception #3 in [21]).

4 | ORGANIZING AND UNDERSTANDING
THE DATA

We need to make a number of distinctions so we can organize and
understand the data about inconsistencies.
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First, it is important to distinguish the lack of consistency be-
tween and within examiners, that is, inter- and intra-consistency
(some use the term “reproducibility” for between examiner consis-
tency, and “repeatability” for within examiner consistency). When
there is a lack of consistency between (inter) examiners, different
examiners reach different conclusions about the same evidence
(e.g., [9,12,16,19]).

Such between (inter) examiner inconsistencies are a problem,
but even a greater problem is when there is a lack of consistency
within (intra) examiner: when the same examiner reaches different
conclusions about the same evidence (e.g., [3-5]).

It is important to note that when the same examiner reaches dif-
ferent conclusions about the same evidence, this cannot be easily
explained by differences in laboratory policies, training, experience,
and so forth. Such differences between forensic laboratories or be-
tween different forensic examiners (‘Education & Training’ and ‘Per-
sonal Factors’, see Levels 6 & 7 in [22]) cannot be factors in explaining
inconsistencies that are found within (intra) examiner conclusions.

Second, it is also important to consider whether or not the in-
consistencies arise from bias. Bias is a predictable and systematic
variation (for a probabilistic formalization see [23]), whereas random
variations can be regarded as ‘noise’ [24]. Inconsistencies due to bias
(e.g., [4,5,9]), arise, for example, when examiners analyze the same
evidence, but each time within different task-irrelevant contextual
information (e.g., one examiner is told that the suspect confessed
to the crime, whereas the other examiner is told that someone else
confessed to the crime—see [22] for eight different sources of bias).
Thus, distinguishing between inconsistencies that arise due to bias
(e.g., [4,5,9]), versus inconsistencies that arise even without bias (e.g.,
[3,10,11]).

Inconsistencies that are not due to bias may arise from different
analytical methods and laboratory policies, use of different statisti-
cal software, and a whole range of factors. However, differences in
methods, software, SOPs, and so forth cannot explain result of stud-
ies which were conducted within a single forensic laboratory (e.g., in
DNA [9]) and when inconsistencies (e.g., in fingerprinting [4,5]) were
found within the same expert (for a review see [25]). It is important
to note that regardless of the reasons for inconsistencies, they are
unacceptable from a scientific and a criminal justice point of view (as
outlined above).

Third, we need to distinguish between inconsistencies in con-
clusions and inconsistencies in observations. Consider two dentists,
one says you need a root canal whereas the other says you are fine.
The dentists—like forensic examiners—may “see” different things in
the x-ray (observation) or they may see the same things in the x-ray
but disagree over their meaning (conclusion). Thus, the two dentists
may be inconsistent in interpreting the x-rays; however, their incon-
sistency in conclusions may actually arise from inconsistent in what
they observe in the x-ray. In fingerprinting, for example, examiners
can see the same friction ridge and minutia but nevertheless reach
different conclusions. However, examiners may observe different
minutia on the same fingermark, and even the same examiner may

observe different minutia on the same fingermark [8].

FORENSIC SCIENCES $ases

Making these three distinctions, organizes the inconsistency
data into eight categories [26]. Four of the eight relate to observa-
tions and four to conclusions, four relate to between examiners and
four to within examiners, and four relate to inconsistencies without
bias and four with bias (see Figure 1). The bottom of the hierarchy
of inconsistencies has the most basic inconsistencies, within expert,
no bias and in observation—thus inconsistencies that are not due
to bias or to individual differences or even to the interpretation of
the evidence; this level is purely observation inconsistencies. As we
go up the hierarchy, the inconsistencies are more pronounced, as
they include factors such as bias, individual differences and data
interpretation.

5 | THE WAY FORWARD

Minimizing these inconsistencies is paramount, so as to strengthen
forensic science as a science, as well as to establish fair justice that
does not depend on luck of who will examine the evidence. To move
forward, one has to first acknowledge the problem. Even if currently
there is no way to move forward, one must at the very least be trans-
parent about the problem [27].

The best way to increase consistencies is for forensic domains to
establish standardized analytic procedures with objective and clear
criteria (for conclusions as well as observations). “The more objective
the approach, the more agreement there will be in the conclusions

among examiners” [28] and “subjective methods require particularly

FIGURE 1 The hierarchy of expert performance (HEP),
organizing inconsistency into eight categories, depending whether
the inconsistency is in observations or in conclusions, is within or
between examiners, and with or without bias [17,26]. At the very
bottom is the most pure and basic inconsistency: even without bias,
within the same examiner, and in the observations. As we go up the
hierarchy, more factors contribute to the inconsistency: individual
differences between examiners (e.g., training and experience),
biases, and interpretations as per the meaning of the observations.
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careful scrutiny because their heavy reliance on human judgment
means they are especially vulnerable to human error, inconsistency
across examiners, and cognitive bias” (emphasis added) [29]. See
PCAST recommendation #2 [29], as well as [30,31].

Conversely, a word of caution about the danger in the ambition
to try and be objective in forensic science [32]. It is also important to
note that statistics, per se, does not give consistency, as evident by
various DNA studies (e.g., [10,11]).

Until such a time that objective criteria are developed (if ever—
there may be a question whether all forensic science domains can
have such objective criteria—a topic beyond the scope of this paper),
the question is what can be done to minimize such inconsistencies
when there is no objective criteria.

Research in cognitive and decision sciences has repeatedly
shown that the order in which information is examined has far
reaching implications. For example, the first information is not only
remembered well, but it also generates ideas and hypotheses that
impact how subsequent information is examined. It may impact se-
lective cognitive attention (what to pay attention to, what to ignore);
it can form an initial impression, which can lead to confirmation bias
and escalation of commitment; and so forth. Thus, the same set of
information, presented in different sequences, gives rise to different
conclusions (e.g., [33-37]), including in forensic science [38]. By stan-
dardizing the order of examining information in forensic analysis, for
example, by using linear sequential unmasking (LSU-E), results will
be more consistent [39] and make forensic science more reliable.

Such standardized order should be determined by the objectiv-
ity, relevance and biasability of the information—starting off with
the more objective, more relevant, and less biasing information. De-
termining the order can be done by the case manager, supervisor, or
the examiners themselves (for practical details, see [39-42]).

However, since many cases have typical sets of information that
often repeat themselves, deciding the order does not need to be
done again and again for each case, the laboratory's SOP can specify
the best order for typical sets of information. And, of course, fo-
rensic examiners should not be exposed at all to information that is
totally task irrelevant [22,39,40].

LSU-E is not only about minimizing bias but also about reducing
noise and increasing consistencies in conclusions so as to enhance
the reliability of forensic science evidence. This and other such pro-
cedures will minimize the problem highlighted in this paper: Incon-
sistencies are the most consistent finding in many forensic domains.
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