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A B S T R A C T

Forensic reports use various types of conclusions, such as a categorical (CAT) conclusion or a likelihood
ratio (LR). In order to correctly assess the evidence, users of forensic reports need to understand the
conclusion and its evidential strength. The aim of this paper is to study the interpretation of the
evidential strength of forensic conclusions by criminal justice professionals. In an online questionnaire
269 professionals assessed 768 reports on fingerprint examination and answered questions that
measured self-proclaimed and actual understanding of the reports and conclusions. The reports entailed
CAT, verbal LR and numerical LR conclusions with low or high evidential strength and were assessed by
crime scene investigators, police detectives, public prosecutors, criminal lawyers, and judges. The results
show that about a quarter of all questions measuring actual understanding of the reports were answered
incorrectly. The CAT conclusion was best understood for the weak conclusions, the three strong
conclusions were all assessed similarly. The weak CAT conclusion correctly emphasizes the uncertainty of
any conclusion type used. However, most participants underestimated the strength of this weak CAT
conclusion compared to the other weak conclusion types. Looking at the self-proclaimed understanding
of all professionals, they in general overestimated their actual understanding of all conclusion types.
© 2020 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

In the process of investigating and proving a crime, many
different types of evidence may play a role, including witness
statements, DNA, digital traces, fingerprints, observations, and
shoeprints. It is impossible, and undesirable, for all professionals
working with or making decisions based on this evidence to have
expertise in all these different areas. In the forensic domain, there
is a different expert for every type of evidence who will examine it
and describe his or her findings and conclusion(s) in a report that is
used by the professionals in the criminal justice system. For
adequate functioning of the criminal justice process, three
elements are important: (1) the report is clear, sound and correct,
(2) the professional has a basic understanding of the content of the
evidence and the report, and (3) the professional is able to correctly
assess the evidential strength of the conclusion.
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The first element actually means that every expert who
investigates the same traces would come up with the same
results. The study by De Keijser et al. [1] shows, however, that there
can be a discrepancy in the content and layout of forensic reports of
different experts. They asked 19 DNA experts around the world
from 13 different forensic laboratories in seven countries to
evaluate the same mixed DNA profiles and case information and
write a DNA report in the way they usually do in their actual
practice. The resulting reports differed in size, explanation of
technical issues, use of explanation in appendices, evidence level of
the proposition, use of contextual information, and the type and
content of the conclusions. This implies that reports on the same
DNA mark may be strikingly different and may yield different
conclusions. It also gives a strong indication of the inherent
uncertainties of incomplete and mixed DNA profiles [1]. In a study
by Dror and Hampikian [2] 17 DNA experts working in the same
forensic laboratory were presented with mixture DNA and the DNA
profiles of suspects from a real adjudicated criminal case. Based on
the presented evidence, the 17 independent DNA examiners varied
in their conclusions from ‘cannot be excluded’ to ‘excluded’ and
‘inconclusive’. Both studies [1,2] show that the same DNA evidence
can be assessed differently by DNA experts, regardless of the
le under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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1 In the current study, we only focus on the source level: on the identification of
the source of a fingermark.
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forensic laboratory they are working in. For fingerprint evidence,
research has shown possible bias in experts’ conclusions as well
[3,4]. An example of a mistaken identification by a fingerprint
expert is the Mayfield case. On March 11, 2004, several bombs
exploded on commuter trains in Madrid, eventually killing 191
people and wounding over 200. The fingermarks left on a bag with
detonators connected with the attack were believed to match the
fingerprints of Brandon Mayfield. This fingerprint identification
was made by three members of the FBI Laboratory’s Latent Print
Unit. After Mayfield had been detained for two weeks, the Spanish
National Police arrested an Algerian national whom they identified
as the source of the fingermarks. He turned out to be ‘a better
match’ than Mayfield [5]. The above studies show that findings of
forensic investigations can be interpreted differently. Research
therefore is necessary to gain better understanding of why experts
can draw different conclusions about the same evidence. The users
of forensic reports need to be aware of this human factor in
decision-making. Besides the assumption that reports are correct,
it is also important that a report clearly states what context
information was used for the assessment and the conclusion, and
what context information was left out of the assessment. By
describing this, it is possible for the users of the reports to make a
thought-through decision based on all available evidence.

For the second element, professionals have to be able to assess
the meaning of the evidence in the forensic report. If they lack the
necessary background to understand a forensic report, they may
undertake training or gain advice from an independent source.
Several studies [6–8] have shown that criminal justice profes-
sionals have a quite high level of self-proclaimed understanding of
forensic reports, which is higher than their actual understanding.
To understand that they need to seek training or advice,
professionals need to be aware of their lack of knowledge. Besides
understanding the content of a report, professionals also have to be
aware of the possible subjectivity of experts assessing the evidence
and writing the report and conclusion.

The third element is the assessment of the evidential strength
of the conclusion. Do professionals have a correct understanding of
forensic conclusions? Do they understand the evidential strength
and the degree of uncertainty that are expressed in forensic
conclusions? Do different types of professionals have the same
understanding of these forensic conclusions? Finally, do different
formulations that can be used to verbalise forensic evidence
actually have the same meaning?

The main focus in this article is this third element, the
understanding of forensic conclusions by criminal justice pro-
fessionals. It is valuable to know whether the evidential strength of
different formulations of the same conclusion is assessed in the
same way by different professionals in the criminal justice system.
Additionally, this paper examines professionals’ self-proclaimed
understanding of forensic conclusions.

1.1. Understanding the (un)certainty and evidential value of forensic
conclusions

Forensic conclusions should always entail some degree of
uncertainty, because no absolute certainty about the uniqueness of
traces exists. To illustrate this, we will use fingerprint evidence as
an example. Although we have some knowledge of the factors that
influence the development of fingerprints [9], we do not know
exactly how friction ridge patterns originate. Since it is practically
impossible to compare all the fingerprints of the entire world’s
population, there can never be 100% certainty about the unicity of
fingerprints. Furthermore, fingermarks found at a crime scene are
hardly ever of perfect quality and quantity. A fingerprint
examination is therefore usually based on the characteristics of
only part of a fingermark, while the characteristics of the missing
part remain unknown. The Organization of Scientific Area
Committees for Forensic Science (OSAC) has drafted guidelines
for fingerprint examination conclusions in which they state “A
conclusion shall not be communicated as a fact. It is an
interpretation of observations made by the examiner and shall
be expressed as an expert opinion", [10]. Uncertainty should be
expressed in all forensic conclusions. When it comes to the
interpretation of the uncertainty expressed in forensic conclusions,
several types of mistakes can be made. Koehler [11] provides a
detailed description on possible fallacies within forensic decision
making. We will discuss a few of these fallacies here. The
prosecutor’s fallacy and the defence fallacy are two common
mistakes in the judgement of probabilities [6,12]. We will explain
these fallacies using the likelihood ratio (LR), which represents the
expert’s view of the relative probability of the observed features of
a trace under alternative hypotheses about the source of the trace.
An expert states:
‘There were 12 corresponding minutiae between the fingermark and the
reference fingerprint of suspect B. Smith, no differences were found. Two
hypotheses have been formulated.

Hypothesis 1: The fingermark originated from the suspect.
Hypothesis 2: The fingermark originated from an unknown person.

The findings of this examination are 5 million times more probable when
Hypothesis 1 is true versus when Hypothesis 2 is true’.

Prosecutor’s fallacy → It is 5 million times more probable that the fingermark
belongs to the suspect.
Correct understanding → The findings of the comparison are 5 million times
more probable when the fingermark belongs to the suspect.

Defence fallacy → Since the total population is 17 million, the chances are
greater that the fingermark is from someone else in the population than that
it is from the suspect.
Correct understanding → Not all of these 17 million people have the same
chances of leaving a fingermark at that specific crime scene (those who have
never been near the crime scene or are physically not capable of entering the
crime scene).

Another possible mistake in the interpretation of the evidence
occurs when evidence is incorrectly used to answer evidential
questions. When evaluating evidence, a certain hierarchy of
propositions is followed to distinguish the source level, activity
level, and offence level. Information about the source level is
insufficient to answer questions about the offence level [13–15].1

For example, the fingerprint examination conclusion about suspect
B. Smith provides only information about the source level as to
whether the fingermark might belong to the suspect. Although the
conclusion provides information about the likelihood that an
object is touched by the suspect, this conclusion does not provide
any information about the activity or crime relatedness of the
fingermark. More evidence is needed to draw conclusions about
the activity level (did B. Smith perform a certain activity?) or
offence level (did B. Smith commit the crime?). In an article by De
Ronde et al. [16] the difference between source and activity level in
relation to fingermark evidence is more profoundly explained.

1.2. Interpretation of forensic reports and conclusions

What is known about the interpretation of forensic conclusions
in practice? Several studies have been conducted on this topic.

For conclusions expressed with a verbal descriptor, the choice of
words can influence its comprehension. In a study of the
interpretation of probability phrases, Willems et al. [17] asked
participants to assess various phrases by assigning each a point
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estimate on a 0–100% scale. The results show that the interpreta-
tion differs greatly among the participants. For more extreme
words such as ‘always’ and ‘never’, this difference is the smallest
[17]. Mullen et al. [18] asked students to point out the strength of a
forensic statement containing one of ten verbal scale descriptors,
such as ‘weak support’, ‘moderate support’, and ‘extremely strong
support’. The majority did not correctly understand the meaning of
the terms used in the verbal scale. They attributed more value than
they should to the weaker verbal conclusions and less value than
they should to the stronger conclusions. Carter et al. [19] examined
the utility of additional conclusions to the current categorical
evidence scale used for fingerprint examinations as was proposed
by the Friction Ridge Subcommittee of the OSAC. This committee
suggests using a 5-conclusion scale, adding the conclusions
‘support for different sources’ and ‘support for common sources’
to the current ‘exclusion’, ‘inconclusive’, and ‘identification’. The
study shows that fingerprint examiners used these additional
‘support for’ conclusions about 35% of the time, which supports the
need for more qualified conclusions for fingerprint comparisons.
Carter et al. [19] discuss the theoretical difference between using
categorical conclusions and likelihood ratio conclusions for
fingerprint examinations. In a study by Arscott et al. [20]
participants were asked to read a brief case summary that
included a shoeprint evidence statement containing a verbal
expression of the comparison conclusion and to rate the perceived
strength of the expression. The results showed that when the
numerical values were left out, both professionals and lay person
perceived the three highest gradations in the verbal scale similarly.
In general, the stronger the actual evidential strength, the stronger
the participants assumed the evidential strength to be [20]. These
studies show that the interpretation of the evidential value of
verbal descriptions of probabilities can vary among those assessing
them, and that adding verbal conclusions to existing scales can
result in a rather different evidential value chosen by forensic
experts.

In reaction to Arscot et al. [20], Berger and Stoel [21] wondered
whether it is necessary to use only verbal expressions when there
is the LR to accompany it. Wintle et al. [22] investigated whether
the understanding of verbal probability expressions could be
supported by providing numbers alongside these expressions. Lay
participants read statements containing verbal expressions of
probabilities. The numerical probabilities of the verbal expressions
(very unlikely, unlikely, likely, very likely) were presented in three
different ways: in a table in a separate browser window, in a tooltip
that appeared when a mouse hovered over it, or between brackets
behind the verbal expression. A fourth (control) group did not
receive any numerical probabilities. After reading the statements,
participants had to estimate the minimum, best, and maximum
numerical probability belonging to the verbal expression. The
results showed a high variability in the numerical probabilities
assigned to the verbal probabilities. This variability was lowest
when the numerical value was presented in brackets behind the
verbal expression [22]. In a moot court exercise Langenburg et al.
[23] explained and presented a likelihood ratio stating the strength
of fingerprint evidence to a mock jury. The mock jurors were
positive about the credibility of the evidence and understood most
of the testimonies. However, fingerprint experts watching the
moot court exercise were less positive about the use of a
probability model for fingerprint examinations [23]. These studies
show that verbal probability descriptions can be ambiguous and
that numerical expressions can help reduce this ambiguity. When
explained clearly, jurors can be positive about the use and
understandability of numerical expressions. However, when using
a ‘new’ type of conclusion in an existing field of expertise, it is
important to not only focus on the users of the evidence, but also
on the experts conducting the comparisons.
Are forensic conclusions assessed differently depending on the
way they are expressed? In the study by De Keijser et al. [6],
professionals assessed reports on facial comparison and DNA
evidence in which the conclusion was presented in a verbally or
visually expressed LR. The professionals did not assess the reports
and conclusions significantly differently. Other studies did find
differences in the interpretation of conclusions depending on the
way they were expressed. McQuiston-Surrett and Saks [24] studied
how jurors and judges assessed conclusions that were phrased
differently. The study showed that jurors and judges considered
the evidential value of conclusions to be higher if they contained
the words ‘match’ or ‘similar in all . . . characteristics’ or if they
were described with an objective single-probability (the more
qualitative conclusions) than if they were described with a
subjective probability or an objective multi-frequency conclusion
(the more quantitative conclusions) [24]. In a study by Martire
et al. [25], lay participants received a brief case summary with the
expert testimony of a fingerprint examiner about fingermarks
found at the crime scene. The expert conclusion, which had a low
or high evidential strength, was presented numerically, verbally in
a table, or with a visual LR. The low evidential strength conclusion
that was expressed with a verbal LR was deemed the weakest
compared to all the other conclusions [25].

Thompson et al. [26] asked jury-eligible adults to assess pairs of
comparisons entailing different phrasings of forensic conclusions
on DNA or fingerprint examinations. They studied the interpre-
tations of six different expression types with weak and strong
evidential strength: LRs, strength of support statements, match
frequencies and random match probabilities, likelihood of
observed similarity, source probability statements, and categorical
conclusions. In general, they found that statements designed to
suggest that the strength of evidence was low or moderate were
correctly perceived as weaker than statements designed to suggest
that the strength of evidence was high. Conclusions phrased with
the term ‘match’ were assessed as being extremely strong and
assessed comparable to an ‘LR of 10 million’. Conclusions phrased
with the terms ‘identification’ were assessed as being considerably
stronger than those phrased in terms of an ‘individualisation’, but
these were considered significantly weaker than conclusions
phrased in terms of ‘match’ or ‘LR of 10 million’. Conclusions
expressed with the phrasing ‘extremely strong’ were considered to
be weaker than those using the term ‘individualisation’, even
though this phrasing is intended to be comparable to an ‘LR of 10
million’ [26]. The different terms used to formulate the forensic
conclusions were perceived differently than they were intended.
Results of the study by Garrett, Michell, and Scurich (2018) show
that jury eligible adults assessed categorical conclusions similar as
match probabilities ranging from 1.000.000 to 10. Participants
were similar in their decision to convict a suspect based on
fingerprint evidence, regardless the conclusion type or specific
strength of the evidence. Ratings of the likelihood the defendant
left prints and committed the crime differed more between
participants. Although those likelihoods were in general assessed
as being slightly higher for the categorical conclusions, overall they
were assessed similarly compared to the highest match probabili-
ties. The highest presented probability (1.000.000) was assessed as
having a significantly higher likelihood compared to the other
probabilities, but the lower probabilities ranging from 100.000 to
10 were assessed similarly. Bayer et al. [27] studied the
interpretation by jurors of different likelihood ratio presenting
methods: only LR, LR with conversion table, LR with conversion
table and figure relating prior and posterior probabilities, and
match and nonmatch control groups. In general, participants
overestimated the guilt of the suspect prior to the forensic
evidence, and tended to undervalue the weight of the evidence.
Most underestimation and overestimation of the guilt was found
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when the match or nonmatch reporting technique was used. The
use of likelihood ratios, provided with a conversion scale, a range of
possible values, and instructions, seemed to help participants to
evaluate the evidence.

Overall, it can be concluded that forensic verbal and numerical
conclusions can be misinterpreted and that forensic conclusions
reporting on the same evidence can be assessed differently
depending on the way the evidence is expressed. This study will
expand on this research. Since criminal justice professionals can be
confronted with different conclusion types within forensic
evidence, it is essential for them to know how to value these
conclusions.

To investigate the understanding of different forensic conclu-
sion types, we chose one forensic field of expertise in which
different conclusion types are being used. In the Netherlands, most
fingerprint examinations are conducted by the Dutch National
Police. They express their conclusions of their fingerprint
examinations in categorical terms. This conclusion type is used
by most fingerprint examiners throughout the world. As illustrated
above, in the past few years, new fingerprint comparison methods
have been developed that use databases to calculate the frequency
of certain fingermark characteristics. These frequencies are used to
report on the evidential value of fingermarks in terms of numerical
values such as likelihood ratios [28–30]. In the Netherlands, the
Netherlands Forensic Institute (NFI) studies the occurrence rate for
fingerprint patterns and details in a fingerprint database sample
[31]. For the conclusions of their fingerprint examinations they use
(verbal) likelihood ratios. Consequently, criminal justice profes-
sionals in the Netherlands can be confronted with multiple
fingerprint examination reports using different conclusion types in
one criminal case. This situation might be the future reality for
other countries and for other forensic evidence fields.

Since professionals in the Netherlands are confronted with
reports on fingerprint examinations using a categorical or
likelihood ratio conclusion, we examine the interpretation of
these different forensic conclusions in fingerprint examination
reports. We compare categorical, verbal likelihood ratio, and
numerical likelihood ratio conclusions with either low or high
evidential strength. Based on former research, some overestima-
tion of the understanding of conclusions in general is expected. We
expect that participants have the highest self-proclaimed under-
standing of categorical conclusions compared to the conclusions
using likelihood ratios. Based on the literature, we expect the
numerical likelihood ratios to be better understood than the verbal
(likelihood ratios and categorical) conclusions. We expect the
categorical conclusions to be overestimated compared to the
likelihood ratio conclusions.

2. Method

2.1. Design

In an online questionnaire, participants were asked to read
three fingerprint examination reports. Fig. 1 shows the survey
design. The participants were randomly allocated to one of two
groups. Group 1 only received reports with weak evidential
strength conclusions, and group 2 only received reports with
strong evidential strength conclusions. The reports varied in
conclusion type, and each participant received a report with a
categorical conclusion, a report with a verbal LR conclusion, and a
report with a numerical LR conclusion. These three reports for
group 1 contained the weak conclusions: A: categorical—‘cannot
rule out’, B: verbal LR—‘moderate’, and C: numerical LR—‘LR of 50’.
Group 2 contained the strong conclusions: D: categorical—
‘individualisation’, E: verbal LR—‘extremely strong’, and F:
numerical LR—‘LR of 5 million’.
To control for an order-effect, the order in which the reports
were presented was varied, resulting in six conditions: ACB, BAC,
CBA, DFE, EDF, and FED. To equally distribute the professionals over
the six conditions, every professional type had its own set of six
conditions. The survey tool (www.qualtrics.com) randomly allo-
cated the professionals over these conditions.

2.2. Participants

Participants were criminal justice professionals who in their
work practice could be tasked with assessing forensic evidence
conclusions. The participants voluntarily participated after a
request was sent out via email within their organisation. In the
email, a URL linked them to the survey for their group of
professionals. The participants were randomly assigned to one of
the six conditions.

A total of 269 criminal justice professionals participated in the
online questionnaire: 59 crime scene investigators, 78 police
detectives, 57 public prosecutors, 30 criminal lawyers, and 45
judges. Of those 269 participants, 43.5% was female and 56.5%
male. The age of the total group was between 25 and 76 years old
(M = 45, SD = 11). The professionals had up to 45 years of working
experience in their profession (M = 12, SD = 9). Table 1 presents an
overview of the background characteristics by professional type.

2.3. Experience with fingerprint evidence

In all, 74% (N = 200) of the participants had seen at least one
fingerprint examination report of the police or a forensic institute
before taking the survey. Of those participants, 62% (N = 123)
judged the police reports were clear. All participants were asked
about the ways in which they had gained knowledge about
fingerprint examination: 44% (N = 117) reported taking a course on
this topic,10% (N = 28) had attended a conference or meeting on the
topic, and 34% (N = 92) had read literature about the topic. Another
18% (N = 48) stated they had never gained knowledge of fingerprint
examination.

2.4. Procedure

Via the URL in the invitation email, participants were directed
to the questionnaire on the website of the survey tool (www.
qualtrics.com).2 A welcome message stated that for a study on the
interpretation of forensic reports, they were invited to read three
fingerprint examination reports and answer the appurtenant
questions. On the next page, questions were asked about the
participants’ profession, age, gender, and education. After these
questions, the first report was displayed. All three reports had
exactly the same layout except for the conclusion part. The report
was a simplified version of the police fingerprint examination
report in The Netherlands. The only information on the one-page
report was the registration numbers of the case and trace and basic
personal information of an individual. No further information was
provided about the fingermark, individual, crime (scene), or other
evidence.

After each report, the exact same set of 17 questions appeared.
These questions are similar to those used in other studies [6–8]. Six
questions were about the alleged understanding of the report, and
were five point Likert scale and open text questions. One Likert
scale question and the two open text questions were eventually not
used in this study. Eleven questions measuring actual understand-
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Fig. 1. Survey design.

Table 1
Background characteristics by professional type.

Professional
type

Age
(M)

Gender
(% female/male)

Experience
(M)

CSI 44 (SD = 12) 46/54 11 (SD = 8)
Police detective 47 (SD = 10) 36/64 14 (SD = 9)
Public prosecutor 44 (SD = 9) 51/49 12 (SD = 7)
Criminal lawyer 40 (SD = 12) 40/60 13 (SD = 9)
Judge 50 (SD = 11) 47/53 11 (SD = 11)
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ing (see Tables 3 and 4) were about the assumed match between
the fingermark and the fingerprint of the suspect, the assumed
evidence against the suspect, and the assumed guilt of the suspect.
These questions were five point Likert scale and single-answer
multiple choice questions. Questions 1 and 3 (see Table 3) had the
answer options ‘yes’, ‘maybe’, ‘no’, ‘don’t know’. Question 10 and 11
were five point Likert scale questions. The other questions had
answer options ‘yes’, ‘no’, ‘don’t know’. The answers to questions
1–9 were recoded into ‘correct’ and ‘incorrect’. In Table 3, for every
question the answer that was recoded into ‘correct’ is between
brackets.

Each report and each set of questions were presented on a new
page. It was not possible to move to the next page without
answering all the questions on that page, and returning to a
previous page was prohibited. After the questions about the three
reports were answered, a new set of questions was shown. These
were questions about experience with fingerprint evidence and
reports, and certain fingerprint procedures within the participants’
organisation. At the end of the entire questionnaire, participants
were asked for ‛any comments on the questionnaire or reports you
have read’. Most participants completed the study in 15–30 min.

In total, 378 professionals started the questionnaire, of which
109 stopped before they finished assessing the first report. Of those
378 participants, 269 finished assessing 768 reports. Twenty-six
participants did not finish reading all three reports and answering
all three sets of questions, only completing the first one or two. In
the end, 241 participants finished answering all the questions,
including the set of questions at the end of the questionnaire about
experience and procedures. The data of the 269 participants were
analysed.

2.5. Data analysis

All data were exported from the survey tool to IBM SPSS
Statistics (version 23). The research design combines a within-
person factor with a between-persons factor (Fig. 1). Conclusion
strength is a between-persons factor with two levels: ‘weak’ and
‘strong’. Participant group 1 only received weak conclusions, while
participant group 2 only received strong conclusions. Conclusion
type is a within-person factor with three levels: ‘categorical’,
‘verbal LR’, and ‘numerical LR’. The phrasing of the conclusion
depends on both conclusion type and strength. For weak
conclusions, the phrasing of the categorical conclusion is ‘cannot
rule out’ (A), for the verbal LR conclusion, it is ‘moderate’ (B), and
for the numerical LR conclusion, it is ‘LR of 50’ (C). For strong
conclusions, the phrasing of the categorical conclusion is
‘individualisation’ (D), for the verbal LR, it is ‘extremely strong’
(E), and for the numerical LR, it is ‘LR of 5 million’ (F). Comparing
the effect of the stimuli within group 1 or within group 2 is a
within-person comparison.

Because conclusion type and phrasing are nested within the
strength factor, we compare A, B, and C in a separate set of tests
from D, E, and F. We compare conclusion type and phrasing levels
in pairs: A with B, A with C, and B with C, and in parallel, D with E, D
with F, and E with F. For each comparison, we use a paired t-test.
For comparing levels of the strength factor (between-persons), we
use a two sample t-test. We first average results over the three
nested type and phrasing results for the three reports that have
been assessed by one person. In further analyses on how mean
scores differ for different professionals, a t-test with Tukey post-
hoc pairwise comparison has been used.

3. Results

The important question in this study is whether reports using
different ways of presenting the conclusion while having a



Fig. 2. The mean alleged understanding per type of conclusion for strong and weak evidential strength.
Note: Effect of conclusion strength significant at p < .05 level.
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comparable evidential strength, are correspondingly assessed as
being similar in evidential strength. Before looking at the actual
understanding, we will look at the alleged comprehension of those
conclusion types: do professionals think they understand the
reports and conclusions?

3.1. Alleged comprehension

Participants were asked whether they understood the conclu-
sion in the report. In general, they thought they understood the
conclusion well. Fig. 2 shows the mean alleged understanding for
the weak and strong conditions, divided into the three different
conclusion types: CAT (categorical), VLR (verbal LR), and NLR
(numerical LR). We observe no significant difference between the
three conclusion types and phrasings, neither in the strong nor in
the weak strength conditions, which is rather remarkable. The
mean alleged understanding was significantly higher for con-
clusions with strong evidential strength than for the weak
conclusions (F(1,242) = 27.126, p < 0.001). Therefore, we may
conclude that it is the strength of the evidence, irrespective of
the way it is expressed, that makes the participants confident
about their understanding.

Participants were also asked whether they in general understood
the content of the report. Overall, they thought they understood the
content well (M = 4.1). For strong evidential strength reports, the
alleged understanding of the content was significantly higher (M
= 4.3) than for those with weak evidential strength (M = 3.9) (F
Table 2
The mean alleged understanding per type of professional.

Questions *** Type of professional

Total CSI 

Do you understand the conclusion in the
report? (1 I do not understand at all—5 I
completely understand)

4.1* 4.3 

Do you in general understand the content of the
report? (1 I do not understand at all—5 I
completely understand)

4.1* 4.4 

Do you think there is enough information in the
report to understand the conclusion? (1 not
enough at all—5 completely enough)

3.4* 3.6a** 

Note: *Effect of professional type significant at p < 0.05 level. **Means in the same row th
mean was significantly lower for the lawyers (2.96 � 0.972) compared to the CSIs (3.58
(3.54 � 1.065, p < 0.05). ***The answering scales are in parentheses.
(1,242) = 21.410, p < 0.001). The understanding of the content of the
reports in general seems to be assessed similarly as the under-
standing of the conclusion. Indeed, both answers are highly
correlated (r = .847, p < 0.001). In general, participants thought
there was rather enough information in the report to understand
the conclusion. Participants assessing reports with strong eviden-
tial strength seemed to be significantly more satisfied with the
amount of information provided to understand the conclusion than
participants assessing reports with weak evidential strength (F
(1,242) = 40.181, p < 0.001). The alleged comprehension of the
conclusion and report in general and the assumed amount of
information provided to understand the conclusion did not differ
significantly by conclusion type and phrasing.

Table 2 shows the mean alleged understanding per type of
professional (with no distinction between evidential strength and
conclusion type and phrasing). The answers to the questions on
alleged comprehension differed significantly depending on the
type of professional assessing the conclusion, F(4,236) = 2.480,
p < 0.05, see Table 2. The CSIs had the highest alleged understand-
ing of the conclusion, while the lawyers had the lowest. There was
a significant difference in understanding of the content of the
report between the various types of professionals (see Table 2), F
(4,236) = 2.879, p < 0.05. Again, lawyers had the lowest alleged
understanding of the reports, and CSIs had the highest alleged
understanding. Also, the amount of information given in the report
to understand the conclusion was assessed significantly differently
by the different types of professionals, F(4,236) = 2.611, p < 0.05
Police detective Public prosecutor Lawyer Judge

4.0 4.2 3.8 4.0

4.0 4.2 3.9 4.0

3.5a** 3.5a** 3.0b** 3.3a,b**

at do not share superscripts differ at p < 0.05. A Tukey post-hoc test revealed that the
 � 1.162, p < 0.05), police detectives (3.50 � 1.145, p < 0.05), and public prosecutors



Table 3
The percentage of correct answers per type of conclusion.

Questions and statements** Total Conclusion strength and type

Weak—group 1 Strong—group 2

Total weak CAT (A) VLR (B) NLR (C) Total strong CAT (D) VLR (E) NLR (F)

1. Does the fingermark belong to the suspect?
(maybe)

561 75* 88a 64b 73b 37 33 41 36

2. Do you think it is impossible for the
fingermark to be from someone else than the
suspect? (no)

741 83* 90a 78b 82a,b 64 56 70 67

3. It is ruled out that the fingermark belongs to
someone else than the suspect. (no)

841 88* 95a 83b 86a,b 79* 69a 84b 85b

4. The conclusion better fits the scenario that
the fingermark belongs to the suspect than
the scenario that it belongs to someone else.
(yes)

801* 65* 16a 86b 92b 95 92 96 96

5. There is more than a 50% chance the
fingermark belongs to the suspect. (no)

261* 43* 59a 31b 40b 9 8 9 10

6. The result of this examination is
incriminating for the suspect. (yes)

721* 63* 28a 73b 86c 81 80 83 81

7. The outcome of this examination is evidence
against the suspect. (yes)

701* 57* 27a 66b 78b 83 81 84 82

8. It has been proven that the defendant is
guilty. (no)

891 93 96 92 90 84 85 85 84

9. It has been proven that the suspect was at the
scene were the fingermark was found. (no)

641 73* 88a 66b 64b 57 53 59 59

Note: The means for weak or strong conclusion types in the same row that do not share the same superscripts differ at p < 0.05. *Effect of conclusion type significant at p < 0.05
level. **The correct answers to the questions are in parentheses. 1Effect of conclusion strength significant at p < 0.05 level.
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(see Table 2). For the alleged understanding of the conclusion and
report in general, a Tukey post-hoc test showed no significant
difference when the professional types were compared to each
other. Overall, professionals thought they understood the report
and conclusion well and thought there was rather enough
information in the report to support this understanding.

3.2. Actual comprehension

Eleven questions measured the actual understanding of the
conclusion. Table 3 shows the percentages of assessed reports with
correct answers, and Table 4 shows the mean of the answers for
questions with answering scales.

In general, most correct answers (89%) were given to the
question about the guilt of the suspect (Q8). The fewest correct
answers (26%) were given to the statement ‘There is more than 50%
chance the fingermark belongs to the suspect’ (Q5). This statement
contains the prosecutor’s fallacy, since in fact the reports and
conclusions provide information about the probability of finding the
outcome when the fingermark belongs to the suspect and not the
direct chance the fingermark belongs to the suspect. For 68% of all
the questions, the correct answers were given. When the outlier
question about the 50% chance is deleted (Q5), it becomes 74%. In
other words, the mean percentage of all questions answered
incorrectly in all reports is 26%.
Table 4
The mean (M) answers per type of conclusion.

Questions and statements** Total Conclusion str

Weak—group 

Total weak 

10. How likely is it that the fingermark belongs to the
suspect? (1 very unlikely—5 very likely)

4.03* 3.5* 

11. To what extent do you think the conclusion of the expert
about the fingerprint evidence is incriminating or
exculpatory for the suspect? (1 very exculpatory—5 very
incriminating)

3.96* 3.5* 

Note: Means in the same row that do not share superscripts differ at p < 0.05. *Effect of con
3.3. Effect of conclusion strength

For all questions, there was a statistically significant difference
between groups with strong and groups with weak evidential
strength conclusions as determined by a one-way ANOVA (for all
questions, p < 0.05). Questions that were incorrectly answered by
participants evaluating reports containing strong conclusions were
mainly answered with an overestimation of the evidential
strength. For example, to the question ‛Does the fingermark belong
to the suspect?’ (Q1), in 62% of the reports with a strong conclusion,
the participant answered ‘yes’. For the weak conclusions, this was
21% (the correct answer is ‘possibly’). For six out of nine questions,
there were more correct answers provided assessing reports with
weak evidential strength conclusions compared to the ones with
strong evidential strength. All six questions were about the ability
to be absolutely certain about the match between a fingermark and
a fingerprint.

3.4. Effect of conclusion type

Are different conclusion types and conclusion phrasings
assessed differently? When we look at the effect of the type of
conclusion on the understanding of the reports, a t-test shows this
effect to be statistically significant for the questions ‛How likely is it
that the fingermark belongs to the suspect?’ (Q10) (F(2,765) = 15,895,
ength and type

1 Strong—group 2

CAT (A) VLR (B) NLR (C) Total strong CAT (D) VLR (E) NLR (F)

2.9a 3.7b 3.9b 4.6 4.6 4.6 4.5

2.9a 3.7b 3.9b 4.4 4.4 4.5 4.4

clusion type significant at p < 0.001 level. **The answering scales are in parentheses.



Table 5
Comparison of best alleged and best actual understood strength, conclusion type,
and professional.

Alleged Actual

Best understood evidential strength Strong Weak
Best understood weak conclusion Numerical LR CAT
Best understood strong conclusion Numerical LR Verbal LR
Best understanding professional CSI Lawyer
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p < 0.001), ‛To what extent do you think the conclusion of the expert
about the fingerprint evidence is incriminating or exculpatory for the
suspect?’ (Q11) (F(2,765) = 18,756, p < 0.001), ‛There is more than a
50% chance the fingermark belongs to the suspect’ (Q5) (F(2,765)
= 5,978, p < 0.01), ‛The outcome of this examination is evidence
against the suspect.’ (Q7) (F(2,765) = 23,883, p < 0.001), ‛The result of
this examination is incriminating for the suspect’ (Q6) (F(2,765)
= 33,253, p < 0.001), and ‛The conclusion better fits the scenario that
the fingermark belongs to the suspect than the scenario that it belongs
to someone else’ (Q4) (F(2,765) = 96,436, p < 0.001). These effects
seem to be caused by the weak CAT conclusion (A), which is
phrased ‘cannot rule out’. As Tables 3 and 4 show, the answers for
reports containing this conclusion differ significantly from reports
containing the other conclusions. The evidential strength of
reports expressed in the weak CAT conclusion (‘cannot rule out’)
is often underestimated when compared to the other conclusions.
For example, to the statement ‛The result of this examination is
incriminating for the suspect’ (Q6) in only 28% of the reports
containing the weak CAT conclusion (A), the participant gave the
correct answer ‘yes’. For reports with other conclusion types, more
than 70% answered ‘yes’. It can therefore be stated that the
phrasing ‘cannot rule out’ (A), used to express the weak CAT
conclusion, is assessed as being less incriminating for the suspect
compared to other conclusions. For reports with a strong evidential
strength conclusion (group 2), there is a significant effect of the
conclusion type for the statement ‛It is ruled out that the fingermark
belongs to someone else than the suspect’ (Q3). Participants assessing
reports with the strong CAT conclusion (D), phrased as ‘individu-
alisation’, answered in 30% of the reports ‘yes’ (compared to 13%
and 11% for the strong verbal LR (E) and strong numerical LR (F)
conclusions) instead of the correct ‘no’. Reports phrased with the
strong CAT conclusion (D) thus seem to impart a stronger belief
Fig. 3. The mean percentage of correct answer
that the fingermark cannot belong to someone else than the person
it is ‘individualised’ to than reports formulated with an LR do.

For reports with weak evidential strength conclusions (group
1), there is a significant effect of the type of conclusion for all
questions (except for Q8, ‛It has been proven that the defendant is
guilty’). This effect seems to be caused by the weak CAT conclusion,
phrased as ‘cannot rule out’ (A), of which the evidential strength
seems to be underestimated compared to the other conclusions
with the same evidential strength. For example, to the statement
‛The conclusion better fits the scenario that the fingermark belongs to
the suspect than the scenario that it belongs to someone else’ (Q4),
participants answered ‘no’ in 63% of the reports containing the
weak CAT conclusion (A) (compared to 6% and 3% for the weak
verbal and numerical LR conclusions (B and C)). The correct answer
here is ‘yes’, which was only given in 16% of the reports with this
conclusion type (compared to 86% and 92% for the weak verbal and
numerical LR conclusions). Therefore, we can state that in general,
participants felt that the weak CAT conclusion phrased as ‘the
suspect cannot be ruled out as donor of the fingermark’ (A) does
not best fit the scenario that the fingermark belongs to the suspect
instead of the scenario that it does not belong to the suspect.

3.5. Alleged and actual comprehension

In general, participants thought they understood the conclu-
sions and reports well (see Fig. 2). When it comes to the actual
understanding for all groups, mistakes are made in the assessment
of the evidential value of all conclusion types (see Table 3).
Therefore, it can be stated that in general, there is an overestima-
tion of comprehension. Table 5 shows an overview of the best
alleged understood and best actual understood evidential strength,
conclusion type, and phrasing and best alleged and actual
understanding professional.

Looking at the evidential strength, participants who evaluated
reports with strong evidential strength conclusions (group 2) had a
higher alleged understanding of the report and conclusion
compared to participants evaluating reports with weak evidential
strength conclusions. When it comes to the actual understanding,
for only three out of nine questions, the percentage of correct
answers was highest for the reports with strong conclusions. It
therefore seems that the actual understanding is highest for the
reports with weak evidential strength conclusions and the
s for all questions per type of professional.



Table 6
The mean (M) answers per type of professional.

Questions and statements (M)* Total Type of professional (M)

CSI Police detective Public prosecutor Lawyer Judge

10. How likely is it that the fingermark belongs to the suspect?
(1 very unlikely—5 very likely)

4.03 4.16 4.17 3.91 3.97 4.04

11. To what extent do you think the conclusion of the expert about
the fingerprint evidence is incriminating or exculpatory for the
suspect? (1 very exculpatory—5 very incriminating)

3.96 4.11 3.95 3.91 3.89 3.93

Note: *The answering scales are in parentheses.
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overestimation of understanding is highest for the strong
evidential strength conclusions and reports.

For the alleged comprehension of the different conclusion types
with weak evidential strength (group 1), participants seemed to
think they best understood the numerical LR report (C) and least
understood the report with a verbal LR conclusion (B). For the
actual understanding, for only three out of nine questions, most
correct answers were given for reports with the numerical LR
conclusion (C), and none of the questions had most correct
answers for the verbal LR conclusion (B) (when comparing the
weak conclusions). Looking at the actual understanding of reports
with weak CAT conclusions (A), for six out of nine questions,
participants understood these reports the best, making this the
best understood weak conclusion type.

The alleged comprehension of strong evidential strength
conclusions (group 2) was highest for the numerical NLR
conclusion (F), while for reports with this conclusion type, only
two out of nine questions had the most correct answers. The CAT
conclusion for strong evidence (D) was expected to be least
understood, and since for eight out of nine questions the
percentage of correct answers was lowest for this conclusion
type, this seems to be the conclusion type with least overestima-
tion of comprehension. The verbal LR conclusion (E) had the
highest actual understanding considering the most correct
answers for seven out of nine questions, while the alleged
understanding of this conclusion type was average compared to
the other conclusion types. As stated, the alleged understanding of
conclusion types does not differ significantly. However, the actual
understanding does, which shows the professionals’ lack of
awareness of their actual understanding of different forensic
conclusions.

Of all the participating professionals, the CSIs were most
confident about their understanding of the reports and its
conclusions. Looking at the actual understanding, the CSIs had
for the majority of the questions the lowest or second lowest
percentage of correct answers. Criminal lawyers were least
optimistic about their understanding but had the highest or
second highest percentage of correct answers to all questions
except for the question about whether the results are incriminat-
ing for the suspect, which might be explained by the lawyers’
professional partiality towards the defendant.

3.6. Participant characteristics

Fig. 3 shows the mean percentages of correct answers to all
questions per type of professional for all assessed reports. Table 6
shows the mean of the answers with answering scales per
professional type. For all the questions, the type of professional
answering the questions had a significant effect on the percentage
of correct answers.

For the total group, the gender of the participants had no
significant effect on the percentage of correct answers to all
questions. However, a one-way ANOVA showed that for the total
group of participants, their age had a significant effect on the
answer to the statement ‛It is ruled out that the fingermark belongs to
someone else than the suspect’ (Q3) (F(4,238) = 2,793, p < 0.05). In
general, most correct answers were given by participants between
30 and 39 years old (N = 61, M = 1,09, SD = 0,20) and most incorrect
answers by participants older than 60 (N = 26, M = 1,31, SD = 0,39).

Whether participants had seen a fingerprint examination
report or gained knowledge about fingerprint examination before
completing the questionnaire had no effect on the actual
comprehension of the conclusions. Participants were asked how
familiar they feel when it comes to reading and understanding
figures and statistics. Overall, they felt quite familiar (M = 3.5). In
general, non-legal professionals (CSI’s and police detectives) felt
slightly more familiar with statistics (M = 3.6) than legal profes-
sionals (public prosecutors, criminal lawyers, and judges) (M = 3.3).
As shown by Fig. 3, legal professionals had a higher percentage of
correct answers compared to non-legal professionals.

For all professional groups, the differences per type of
conclusion were similar for all questions. We examined for every
group of professionals whether they answered questions signifi-
cantly differently per type of conclusion. For most questions, we
saw similar trends. For the weak evidential strength, the CAT (A)
conclusion was significantly different from the weak numerical LR
(C) and mostly from the weak verbal LR (B) conclusion as well.

4. Discussion and conclusion

This study focused on the interpretation of forensic conclusions
by criminal justice professionals. Do professionals understand the
forensic conclusions they work with in daily practice and on which
important decisions for the criminal justice system are based?
Overall, professionals thought they understood the reports and
their conclusions quite well. Those with the lowest alleged
understanding had the highest actual understanding, whereas
participants with the highest alleged understanding had (almost)
lowest actual understanding. Some overestimation of the self-
proclaimed understanding was expected, but not this skewed
association between alleged and actual understanding. These
outcomes show that professionals do not always correctly assess
their understanding of forensic conclusions. This is in line with
findings by other studies [6–8].

Looking at the actual understanding, participants seemed to
overestimate the strength of almost all conclusion types and
phrasings, except for the weak CAT conclusion, which was
undervalued by most participants. As expected [20,26,32], reports
with strong conclusions were assessed as having a higher
evidential strength than reports with weak conclusions. The
results showed that the strength of reports with strong conclusions
was most often overvalued. Participants evaluate those reports as
having a higher evidential strength than they actually do,
allocating them 100% certainty. Based on the literature [26], we
expected the numerical LR conclusion to be better understood than
the verbal (verbal LR and CAT) conclusions, but in fact, it was the
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other way around: for the weak conclusions, the CAT conclusion
was best understood, and for the strong conclusions, the verbal LR
conclusion was best understood. When the different conclusion
types are compared, the CAT conclusion stands out. This conclusion
type seems to be misinterpreted the most. Compared to the other
conclusion types, the strong CAT conclusion is often overvalued (as
was also seen in the study by Garrett et al. [32]), whereas the weak
CAT conclusion is mostly undervalued. These findings of over- and
underestimation of the strength of the CAT conclusions are similar
to results in the study by Bayer et al. [27]. The weak CAT conclusion
in particular is valued differently, being assessed as less
incriminating for the suspect compared to the weak verbal LR
and the weak numerical LR conclusions.

The various types of professionals assessed the reports and
conclusions differently. Can this difference be explained by the
specific roles they have in the criminal justice system? The CSI
collects the evidence and passes it on to the police detective and
public prosecutor. The CSI does not have to make a decision based
on the conclusion, but often writes a summary of the report and
its conclusion. The police detective has to decide whether and
how to use the evidence for the investigation. The public
prosecutor decides based on the conclusion whether to use it
in the criminal case and trial. The criminal lawyer has to decide
based on the report and conclusion whether the evidence was
used correctly and in accordance with the law and whether there
is room for a defence strategy. And finally, the judge has to decide
based on the report and conclusion whether it is sufficient
evidence and in what direction it points (guilt or innocence).
Every professional has his or her own role in the judgment of the
evidence. The role of the CSI (making a summary and passing it
on) is different than the role of the judge (making a final and
‘absolute’ decision). We cannot deny the difference in the way
professionals use forensic conclusions and the possibility that this
influences their interpretation. Also, differences in their familiar-
ity with statistics might influence their interpretation of those
conclusions. Further research is needed to explain individual
differences and effects of participants’ background character-
istics. Still, we think every professional working with forensic
conclusions should understand the meaning and value of these
conclusions. Criminal justice professionals working with forensic
evidence can make mistakes in the investigation and prosecution
process when their understanding of forensic conclusions is not
entirely correct. To enhance this understanding, what would be
the best way to present a forensic conclusion?

It is often claimed that the strong CAT conclusion ‘individual-
isation’ is best suited for the traditional forensic examination
reports, but this conclusion type and its phrasing seem to be the
most misinterpreted and overvalued conclusion. We do not
suggest abandoning this way of reporting results, but when verbal
expressions of conclusions are used, the choice of words is
determinative for its understanding. Conclusions entailing some
sort of uncertainty seem to be better understood. Adding
conclusions to an existing scale might be useful, especially if they
provide more defined options for expressing examination results
[19].

Based on our findings, we suggest that for every forensic
conclusion, its uncertainty should be stated clearly. The words
‘cannot be ruled out as donor’ seem to make professionals aware of
uncertainty in conclusions. Adding these words as a kind of
‘disclaimer’ to other conclusions might help professionals with
their interpretation of the value of conclusions and the awareness
that there is always some uncertainty. When using a numerical
value, it has to be clear what the foundation for the numerical value
is. If the investigation method is not scientifically based and a
calculation for the choice of numerical value cannot be clearly
stated, this might not be the best conclusion type. It is debatable
whether this is the same when using a verbal scale, since any kind
of scale might impart the assumption of a clear distinction
between possible outcomes.

The communication on the evidential value and uncertainty of a
specific piece of evidence should be clear enough for everyone
using the same evidence to have the same understanding. In our
study we observe differences in interpretation and therefore
differences in understanding. To enhance the uniformity in this
understanding we have made a few suggestions.

Based on former studies and on our findings, we suggest the
use of a numerical conclusion (which can be a likelihood ratio or
another numerical value) with a clear description of the
foundation of that value and its uncertainty. This should only
be used when a clear foundation (calculation) for the numerical
value can be presented. When a clear calculation cannot be
presented, a verbal value would be better suited. Also for a verbal
conclusion, a clear foundation for the chosen outcome and the
existing uncertainty should be presented. A verbal scale should
only be used, when a clear distinction between possible outcomes
can be provided. Even though our study solely focused on the
interpretation of evidential strength and conclusion types, we
believe that since misinterpretations are easily made, reports
should clearly state on what information the conclusion is based.
This way, professionals using the reports are able to make a
correct assessment of the evidence and its evidential strength.
Professionals using reports with numerical conclusions need to
have sufficient mathematic knowledge (or gain advice) to fully
understand these values and be able to assess uncertainty. When
decisions are made on the use of new conclusion types within a
field of forensic evidence, the experts conducting the forensic
comparisons should be involved in this process. The study by
Langenburg et al. [23] indicates that the perception of a new
methodology and corresponding conclusion can be different for
laypersons compared to forensic experts.

We believe that professionals working with forensic reports
and conclusions, should be aware of a possible lack in their
understanding, and ask for advice from an independent source. By
sharing the results of the current as well as comparable
experimental studies with these professionals, awareness of lack
of understanding can be increased. Furthermore, implementing
standard feedback on professionals’ assessment of evidential value
could help increase this awareness. In the Netherlands, forensic
advisors with a university degree in forensic science are employed
at the courts. These advisors can provide explanation on forensic
evidence to judges when asked for. We believe this advice should
be standard for all criminal cases entailing forensic evidence. Such
an initiative should also be implemented into other organizations
within the criminal justice system handling forensic evidence. As
long as these advisers withhold from opinionizing on the evidence,
this could be an important addition.

Further research on the interpretation of (new) forensic
conclusions is necessary to develop new conclusions or instruc-
tions. Since this study shows that professionals are not fully aware
of a possible lack in their understanding of forensic evidence, they
might not seek for extra assistance (advice, courses) when needed.
Therefore, courses on the interpretation of forensic evidence
should be obligatory for all professionals working with these
conclusions. Our recommendation is to make these courses part of
the basic training for police, public prosecutors, lawyers, and
judges. We think that these obligatory courses should at least
include insights into the creation of forensic reports and
conclusions by the forensic experts, a discussion of scientific
research on the understanding of forensic reports, conclusions and
common fallacies, and teaching on the foundation and formation of
numerical values, (Bayesian) statistics and the uncertainty in
forensic evidence.
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5. Limitations

The experiment conducted in this study is not a representation of
an actual criminal case. In our study, criminal justice professionals
only received a report with information on the source level of one
fingermark. In daily practice, professionals have information on all
available evidence in a case. This additional information might
influence their interpretation of forensic conclusions. Furthermore,
in daily practice, a forensic report usually contains a table with the
verbal descriptions (verbal LR) and matching numerical LRs. We
decided to present the verbal and numerical LR separately to assess
for each individually how they are interpreted.

We do not know if the outcomes of this study would have been
different if the forensic reports and conclusions were presented in
a real case. However, by conducting a controlled experiment, we
can study a specific aspect of the criminal justice decision-making
process. We did not study the interpretation of forensic (finger-
print) reports. This study tells us how professionals interpret
forensic conclusions and assess their value. This is important for
the construction of new conclusions in the development of
instructions and for educational purposes.
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