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Deciding whether two fingerprint marks originate from the same source requires examination and
comparison of their features. Many cognitive factors play a major role in such information processing. In
this paper we examined the consistency (both between- and within-experts) in the analysis of latent
marks, and whether the presence of a ‘target’ comparison print affects this analysis. Our findings showed
that the context of a comparison print affected analysis of the latent mark, possibly influencing allocation
of attention, visual search, and threshold for determining a ‘signal’. We also found that even without the
context of the comparison print there was still a lack of consistency in analysing latent marks. Not only
was this reflected by inconsistency between different experts, but the same experts at different times
were inconsistent with their own analysis. However, the characterization of these inconsistencies
depends on the standard and definition of what constitutes inconsistent. Furthermore, these effects were
not uniform; the lack of consistency varied across fingerprints and experts. We propose solutions to
mediate variability in the analysis of friction ridge skin.
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Cognitive processes underpin much of the work carried out in
many forensic disciplines which require examination of visual
images. Fingerprints, bite and shoe marks, tire tracks, firearms,
hair, handwriting and other forensic domains all hinge on
comparative examination involving visual recognition. Although
human experts are the ‘instrument’ in judging whether two
patterns originate from the same source, understanding the factors
that shape such judgements in forensic science has been relatively
neglected. In the past it has been misconceived that “fingerprint
identification is an exact science” ([1] p. 8); and this perception
goes across all forensic disciplines [2]. The recent National
Academy of Sciences report further highlights that “the findings
of cognitive psychology... the extent to which practitioners in a
particular forensic discipline rely on human interpretation... are
significant” and that “...Unfortunately, at least to date, there is no

* Corresponding author at: Institute of Cognitive Neuroscience, Department of
Psychology, University College London, London, United Kingdom.
E-mail address: i.dror@ucl.ac.uk (L.E. Dror).

0379-0738/$ - see front matter © 2010 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.forsciint.2010.10.013

good evidence to indicate that the forensic science community has
made a sufficient effort to address the bias issue” ([3] p. 8-9).

The task demands imposed on the examiners require them to
search through a rich stimulus, filter out noise, and determine
characteristics and ‘signals’ for comparison (see [4,5] for discussion
of signal detection theory (SDT) applied to fingerprint evidence).
This initial analysis and determination of ‘signals’ can take place
before the actual comparison between stimuli (e.g., the latent mark
left at a crime scene and the comparison print of a known suspect).
Scientists have long accepted that observations, including those in
their own scientific research, encompass errors. A study examining
140,000 scientific observations reported in published research not
only revealed that erroneous observations were made, but that
they were systematically biased in favour of the hypothesis being
researched [6]. Many different forms of contextual and cognitive
influences affect our perception and bias it in a variety of ways [7].
Previous research on fingerprinting specifically examined poten-
tial cognitive contextual influences on comparing prints and
decision making as to whether or not they originated from the
same source [8-20].
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Bias in different aspects of forensic decision making has been
examined in a number of studies (see review articles [21,22]).
Specifically focusing on the initial analysis phase of the mark,
before being actually compared to any prints, Langenburg [23]
found that examiners generally reported more minutiae than
novice controls. Furthermore, although the examiners varied in
how many minutiae they observed in the initial analysis, they were
more consistent than the novice control group (in 8 out of the 10
latent marks used in this study). These results were in agreement
with those of Evett and Williams [1]. Following Langenburg study,
Schiffer and Champod [24] found that training and experience
increased the number of characteristics reported, and at the same
time reduced the variability among observers. Schiffer and
Champod also reported that the number of characteristics
observed during the analysis phase was not affected by contextual
information about the case or by the presence of a comparison
print. Consequently, they concluded that the initial analysis stage
(pre-comparison) is relatively robust and relatively free from the
risk of contamination through contextualisation of the process.

Although Langenburg [23] and Schiffer and Champod [24] show
that these inconsistencies decrease with training and experience,’
they also make the point that “quite important variations do
subsist between examiners” ([24] p. 119). All the studies
consistently show that there is variability in the number of
minutiae observed in the analysis stage, and that these incon-
sistencies are attenuated but not eliminated, during the initial
training and experience in fingerprint examination. Furthermore,
as reported by Schiffer and Champod [24], even in the relatively
robust stage of analysis “a clear subjective element persists”. A
further study [25] suggests that the combined presence of
contextual pressure and availability of the target comparison
print influences the evaluation stage (following the analysis and
comparison), but this effect varies among different marks.

Dror et al. [11] suggested that as finger marks are more difficult
(bottom-up), the more influence external factors (top-down) have
on the observations. Bottom-up refers to the incoming data, where
as top-down relies on pre-existing knowledge [26]. Top-down has
many forms and manifestations, which include the context in
which the data are presented, past experiences and knowledge,
expectations, and so forth. Expertise is top-down, and as such
experts rely more on top-down information. This allows efficient
and effective processing of the bottom-up data, but also means it
can distort and bias how the data are processed [27]. Variations in
observation among different observers (“inter-observer” differ-
ences) and variations in observation for the same observer for the
same task, taken at different times (“intra-observer” differences)
are a well-known phenomenon in other fields involving expert
decisions, such as radiologists or other medical technicians [28,29].

In the research reported here we examined three main issues:

1. The potential effect that a ‘target’ comparison fingerprint may
have on the analysis of the latent mark.

2. The consistency in analysis among different examiners.

3. The consistency in analysis within the same examiner.

This paper further investigates and contributes to the studies on
the analysis of fingerprints in the following ways:

1. Using actual latent fingerprint examiners, rather than forensic
science or psychology students (such as in [11,25]).

! This is particularly noticeable at the earlier stage of professional development,
when a trainee has some experience and training. It is by no means a continuous
linear change; there is a strong initial effect, but then it levels off and may even
decline.

2. Applying a within-subject (intra-observer) experimental design.
This allows us to measure consistency in analysis, as we compare
examiners to themselves. Such intra-observer measurements are
extremely accurate and informative because they are not only
statistically more powerful then inter-observer measures, but
they allow us to confidently draw conclusions because the data
cannot be attributed to individual differences, such as visual
acuity, experience, strategy, cognitive style, and training.

3. Subjecting the experimental data to statistical procedures and
standards (e.g., retest reliability) that quantify the consistency of
latent fingerprint examiners in the analysis of latent marks.

4, Statistically differentiating between factors that contribute to
inconsistencies in latent mark analysis; thus determining what
portion of the variance is attributed to the examiners’
performance and what portion is attributed to the latent marks
themselves (using statistical effect sizes).

5. Suggesting a number of recommendations for dealing with
issues surrounding latent mark analysis.

1. Effects of a ‘target’ comparison

The human cognitive system is limited in its capacity to process
information. The information available far exceeds available brain
power and cognitive resources, and therefore we can only process a
fraction of the information presented to us. This mismatch
between computational demands and available cognitive
resources caused the development of cognitive mechanisms that
underpin intelligence. For example, we prioritize what information
to process according to our expectations (e.g., [30]). Expectations
are derived from experience, motivation, context, and other top-
down cognitive processes that guide visual search, allocation of
attention, filtering of information, and what (and how) information
is processed. These mechanisms are vital for cognitive processes to
be successful. Expertise is characterised by further development
and enhancement of such mechanisms [26,27,31,32].

Therefore, there are good scientific data showing that the
presence of any contextual information may affect cognitive
information processing. Various factors and specific parameters
define the context, whom it may affect, how, and to what extent.
Understanding these factors and parameters will help develop
science-based training and best practices that will enhance
objectivity in fingerprint analyses, as well as in other forensic
comparative examinations involving visual recognition.

In the first experiment reported in this paper we used 20
experienced latent fingerprint examiners, to investigate whether
the presence of a comparison ‘target’ print would affect the
characteristics they observe in the latent mark. Each of the 20
experts received ten stimuli: five latent marks by themselves (solo
condition) and five latent marks with the matching target print
(pair condition). All the participants were instructed identically,
requiring them to examine the latent marks and to count all the
minutiae present in the image. The experimental conditions were
counterbalanced across participants using a Latin Square design to
minimize any affects due to the order of presenting the
experimental trials [33].

We found that the presence of the accompanying comparison
print affected how many minutiae were perceived by the expert
latent print examiners. These differences were statistically
significant (fy=2.38, p=.021; with an effect size, r=.62).
Interestingly, as evident in Table 1, the presence of the accompa-
nying matching comparison print mainly reduced the number of
minutiae perceived. This is consistent with attention guided visual
search, whereby our cognitive system operates within the
contextual expectation. It is important to note that the reduced
number of minutiae was perhaps due to the comparison print
being from the same source (a match); if it had been a non-match,
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Table 1

The mean number of minutiae observed when the latent mark was presented by
itself (‘solo’), within the context of a comparison print (‘pair’), and the differences
between these two conditions.

Latent mark Solo Pair Difference
A 20.6 14.1 -6.5
B 134 9.9 -3.5
C 20.1 10.8 -93
D 9.8 9.7 -0.1
E 10.7 111 0.4
F 8.4 8.8 04
G 12.1 10.7 -1.4
H 15.6 10.5 -5.1
[ 7.1 8.5 1.4
] 9.1 6.6 -25
MEAN 12.7 10.1 -2.6
SD 4.7 2.0 3.5

then it may have directed the perceptual cognitive system
differently, possibly observing more minutiae. The importance
of the finding is not whether the presence of the comparison print
reduced or increased the number of minutiae perceived in the
latent mark, but that the presence of a target comparison print had
an effect on the perception and judgment of the latent mark.
This finding emphasises the importance of examining the latent
mark in isolation, prior to being exposed to any potential
comparison print. This is to maximize the ‘clean’ bottom-up and
more objective analysis, driven by the actual latent mark, and to
minimize external influences that may bias the process of
analysing the latent mark itself. This is especially important when
the latent mark is of low quality. Such recommendations are also
appropriate for other forensic domains (e.g., DNA, see sequential
unmasking [34]), as well as for scientific investigations in general:
“Keep the processes of data collection and analysis as blind as
possible for as long as possible” (Rosenthal [6] p. 1007).
However, Dror points out that the comparison print can play an
important role in helping examiners optimize their analysis by
correctly guiding their cognitive resources and interpretation [35].
Therefore it seems reasonable to balance the vulnerabilities and
cues presented by making the comparison print available to the
examiner. A solution may be to first examine the latent mark in

isolation, clearly documenting this more objective and uninflu-
enced analysis, but at the same time also allowing further analysis
to be conducted later after exposure to the context of the target
comparison print. Hence, the ACE approach needs to be initially
applied linearly, making sure that the initial Analysis of the latent
mark is done in isolation and documented, prior to moving to
Comparison and Evaluation; yet still allowing flexibility, with
transparency of when and why this took place, as well as
procedures that control and limit the circumstances and extent
for such retroactive changes so as to maximize performance but
avoid (or at least minimize) circular reasoning and bias (for details,
see [35]).

It is interesting and important to note that some latent marks
were more susceptible to this effect than others. For example,
Table 1 shows that latent mark D was basically unaffected by the
presence of the comparison print, whereas latent mark B was quite
dramatically affected (see Fig. 1, below, for the actual latent
marks). It is clear from all the studies on latent mark analysis that
findings are highly dependent on the specific fingerprints used.
This suggests that we can (and probably should) tailor procedures
and best practices to specific types of prints, rather than inflexibly
applying identical procedures prescribed to all prints [35]. Such
knowledge-based procedures will allow for higher quality work
without requiring more resources, because it wisely and appro-
priately allocates resources to where they are needed.

The large variability in the effects of the presence of the
comparison print on the latent mark analysis may explain why
Schiffer and Champod [24] did not find such an effect: The latent
marks they used may have been prints that are less (or not at all)
affected by the presence of the comparison print, such as latent
mark D in this study. An alternative (not mutually exclusive)
explanation of why Schiffer and Champod did not find this effect is
that they used students, and these effects may occur as examiners
are more experienced and knowledgeable, and thus have expertise
in how to utilise the information from the comparison print more
effectively. The study reported here used experienced experts in
latent print examination. It is also possible that experienced
examiners tend to be more risk prone at calling minutiae, as
opposed to students who will be more conservative.

It is also interesting to note that the largest differences were
observed with the latent marks that had the highest number of
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Fig. 1. Some latent marks were more affected by the presence of a target comparison print than other latent marks. For example, latent mark B (left panel) was more affected

then latent mark D (right panel).
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Fig. 2. The high correlation (0.9) between the mean number of minutiae observed
when analysis was conducted when latent mark was presented by itself (‘solo’
condition) and the differences in analysis between the solo and pair conditions
(absolute values, Table 1, right column).

minutiae observed in the solo condition (see, e.g., A, C, & H in Table
1). Overall, the correlation between the number of minutiae
observed in the solo condition and the difference (absolute value)
from those observed when shown in the pair condition was 0.9 (see
Fig. 2). This may be due just to a ceiling effect, i.e., an artifact
reflecting that as there are more minutiae marked in the solo
condition, then there is more scope to reduce this number in the
pair condition, and as the number of minutiae are lower in the solo
condition, there is much less scope for a drop when they are
presented in the pair condition.

Analternative, not mutually exclusive, explanation is the effect
of motivational factors.? In the solo condition, examiners may be
motivated to mark as many minutiae as they can, as they are not
sure which ones may be useful and informative when they have a
target print at the comparison stage. However, when the latent
mark is analyzed while the target comparison print is available (as
in the pair condition), examiners’ motivation may drop when they
get to a critical mass of minutiae they need for comparison
purposes. Once they get to that threshold, they may be less likely
to detect more minutiae. This effect further strengthens our
suggestion that the initial analysis of latent marks should be done
in isolation of a comparison exemplar print (especially when the
latent mark is judged to be low quality, distorted, or has limited
information available).

2. Inter-observer consistency

As we have shown, the presence of a ‘target’ comparison print can
affect the perception and judgment of the latent mark in a number of
ways. The next issue investigated was the consistency in the
perception and judgment of minutiae in a latent mark across
participants, even without the presence of a target comparison. The
‘solo’ condition data contain the answer to this question; it allows us
to examine and compare the minutiae observed by different experts,
and hence to report the variability in how latent print examiners
may perceive and judge minutiae. Table 2 presents the relevant
data, with the range of values for each latent mark (bottom row).

The apparent lack of consistency may reflect the absence of
objective and quantifiable measures as to what constitutes a
minutia, especially with latent marks that are of varying quality.
However, these differences may also reflect individual differences
between the examiners (arising from variations in eyesight,
training, feature selection strategy, cognitive style, threshold
criteria, etc.). It is important to understand the cognitive issues

LE. Dror et al./Forensic Science International xxx (2010) xXX—xxx

in latent mark analysis, and the variabilities in the analysis among
and within examiners provides insights to the underling cognitive
processing.

Evett and Williams [1], Langenburg [13,23], and Schiffer and
Champod [24], all found inconsistencies among examiners
regarding the number of minutiae observed. Evett and Williams
suggest that this “confirms the subjective nature of points of
comparison” (p. 7), and Langenburg [23] and Schiffer and Champod
report that these variations are larger with novices.

As fingerprint examination advances, more objective measures
and standards will ensure greater consistency among examiners.
The potential influence introduced by a ‘target’ comparison print
was addressed earlier. Another issue is the calibration of the
threshold for determining whether a minutiais a ‘signal.’ Different
examiners may be using different threshold criteria, and hence the
large variance in how many minutiae different latent fingerprint
examiners report on the same latent mark (similar problems occur
in other forensic domains; see, for example, the lack of agreement
on colour description used to determine the age of a bruise [35]).

A simple training tool could help deal with this problem.? A set of
latent marks can be made available for examiners to analyse. After
analysis, personal feedback will be provided to the examiner as to
how consistent they are with other examiners. For example, it may
state that ‘your analysis resulted in similar minutiae as most
examiners (and hence no need to calibrate thresholds), or it may
state that ‘your analysis resulted in a larger (or much larger, or
smaller, as the case may be) number of minutiae relative to most
examiners (and hence the examiners may consider changing their
thresholds). The idea is that this would be a private measure, with
results and feedback confidentially available only to the individual
examiner. The full technical details of such a training calibration tool
and its implementation are beyond the scope of this paper, but they
are straightforward. Some more conceptual issues that need to be
addressed are which latent marks should be used for this purpose,
and how to make sure the feedback is taken on board and examiners
do indeed calibrate their judgements. These must be scientifically
based decisions. Furthermore, a fundamental issue that needs to be
addressed is that the calibration is done to the ‘correct’ threshold,
because ensuring different examiners use the same criterion, does
not mean they are using the ‘correct’ one.

3. Intra-observer consistency

Judgment and subjectivity affect the number of minutiae
characteristics reported, resulting in inconsistency among experts
on how many minutiae are present within a specific latent mark.
This study and the other studies [1,23,24] all consistently show
that these variations are further dependent on the actual latent
mark and exemplar prints in questions (i.e., some produce higher
inconsistency than others). Furthermore, Dror and Charlton [8,9]
report that some examiners are more affected by context than
others. To ascertain the role of individual differences (such as
experience, motivation, training, feature selection strategy, thresh-
olds, cognitive style, personality) vs. the contribution of lack of
objective quantifiable measures for determining characteristics in
analysis of latent marks, we conducted an intra-observer (within-
expert subject) experimental design.

2 We mean a cognitive motivation, not an intentional motivation, or lack thereof,
to conduct proper analysis. That is, how motivated and driven is the cognitive
system to spend resources on processing and evaluating additional information.
Generally, our cognitive system is efficient and economical in the sense that it does
the minimal amount of processing needed to get the job done. This enables it to best
utilize the brain’s limited cognitive resources.

3 This idea was first presented by Arie Zeelenberg, and referred to as Fingerprint
Analyses Consistency Tester FACT (finder).
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Table 2

The number of minutiae observed by each examiner for each latent mark (inter-observer). The minimum number per latent mark (‘Min’), the maximum number per latent
mark (‘Max’), the standard deviation (‘SD’) and the range of minutiae observed for each latent mark (presented on the bottom row).

Analysis of the latent marks

A B C D E F G H 1 ]
22 9 15 8 9 3 8 11 7 10
21 11 25 7 10 9 9 10 6 5
19 9 18 10 7 9 15 19 6 6
21 21 29 14 12 9 8 9 4 8
17 16 15 11 16 9 7 12 5 5
20 14 22 9 10 7 13 18 7 9
22 17 15 10 10 8 11 24 8 11
9 9 19 6 9 8 18 16 9 10
30 15 25 10 12 12 19 22 12 17
25 13 18 13 12 10 13 15 7 10
Min 9 9 15 6 7 3 7 9 4 5
Max 30 21 29 14 16 12 19 24 12 17
Mean 20.1 134 20.1 9.8 10.7 8.4 121 15.6 7.1 9.1
SD 5.49 4.01 4.93 249 245 232 4.25 5.15 223 3.54
Range 21 12 14 8 9 9 12 15 8 12

Within-expert experimental design examines intra-observer
effects, comparing an examiner’s responses at one time to their
own responses at another time, thus controlling for individual
differences (see Dror and Charlton [8,9]). The study reported
here examined the consistency in analysis of latent marks
within the same expert examiner. A new set of expert examiners
was used. They were asked to report all the minutiae present on
ten latent marks. A few months later, they were asked to do the
same exercise, thus receiving the same identical instructions at
time 1 and at time 2. The experts overall analyzed 200 latent
marks, 100 latent marks twice. Table 3 presents the actual data:
10 latent print examiners, each making 20 analyses in total,
analysing 10 latent marks (A-J), at Time; and at Time,. In
contrast to Table 2 where we examined the overall range and
consistency obtained across examiners, here we focus on
comparing the results of each examiner to his or herself,
specifically looking at the degree to which the experts were
consistent with themselves.

Analysis of variance (ANOVA) of the data from Table 3 showed
that examiners differed significantly from each other in the number
of minutiae reported: Fg1)=8.28, p =.<0.001, effect size correla-
tion eta=.69. This analysis also showed that the number of
minutiae observed differed significantly from each other depend-
ing on the latent mark: Fog1)=57.30, p=<0.001, effect size
correlation eta = .93. Note the larger effect size for the contribution
of the latent marks compared to the effect size for the contribution
of the examiners. Most important is the Retest Reliability reported
in Table 3 (right column) which is a statistical measure for
quantifying consistency; see also the stem-and-leaf Plot and the
Five Point Summaries of retest reliabilities in Fig. 3.

It was interesting to see whether the inconsistencies occurred
over the typical range of thresholds for potential decision (e.g., 8 vs.
17, see examiner 3, latent mark G), or in ranges that do not typically
matter for identification (examiner 6, latent mark A, 25 vs. 34).
Both cases have a difference of 9 minutiae, but the former
variability is more likely to cross a decision threshold for
identification, while the latter’s range of values are more likely
to all be above a decision threshold (of course, this cannot be
determined with certainly from the data in the present study, as
this analysis is on the latent mark alone, prior to comparison to a
print). Do examiners even consider identification thresholds when
conducting the initial analysis? Evett and Williams [1] reported

4 The Evett and Williams study was conducted when a 16-point standard was in
place in the UK.

that the number of minutiae participants observed was influenced
by decision thresholds, e.g., “participants tended to avoid returning
15 points” (p. 7).* Categorical perception makes people perceive
information according to psychological categories rather than by
their actual physical appearance [36].

To further investigate and understand the inconsistency we
calculated the absolute differences in the analysis between time,
and time,, for each examiner (1-10) for each latent mark (A-]), see
Table 4 (see also the stem-and-leaf Plot and the Five Point
Summaries of retest reliabilities in Fig. 4). A score of ‘0’ reflects a
potentially perfectly consistent analysis.” As evident in Table 4, there
were only 16% such consistent analyses (this is a conservative value,
best case scenario; the actual variability may be higher, see footnote
5). If we ‘relax’ our criteria for consistency, and characterize
consistency as a difference of 0 or 1, then there are 40% consistent
analyses; if we further relax our criteria for consistency to include
differences of 0, 1, or 2, then there are 55% consistent analyses (or,
stated differently, 45% of the analyses differed in at least more than
two minutiae between the two analyses conducted by the same
examiner - footnote 5 notwithstanding). These data raise questions
about objective assessment even at the analysis stage (which seems
to be more robust to influences and context than the other stages of
fingerprint examination and decision making). The data reported
here are conservative, as the variability may be much higher.

However, Analyses of variance (ANOVA) of the data of Table 3
showed that although examiners differed significantly from each
other in their degree of consistency in judging fingerprints
(eta = .44), and in the number of minutiae observed (eta = .69), they
still showed a high degree of inter-observer reliability with each
other (Fingraciass = -85) and with themselves (retest reliability r = .86).
The examiners who showed the highest retest reliabilities also
tended to show the smallest discrepancy between their two
evaluations of the same fingerprints at time; and at time,, r = —.84.°

The differences between time; and time, (see Table 4) show
that some examiners are more consistent than others (see, e.g.,
examiner 10, who is relatively highly consistent vs. examiner 3).
Indeed, analysis of variance (ANOVA) of the difference scores in

5 It is important to note that even if the examiner reported exactly the same
number of minutiae, it does not necessarily reflect consistency because although
they may have observed the same number of minutiae in Time; and in Time;, these
may have been a different set of minutia. Hence, reporting the number of minutiae
(rather than their overlap) provides a best case scenario.

5 When we computed the same statistics but on the relative difference (i.e., the
difference as a function of the total number of minutiae, we obtained essentially the
same statistical results).
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Table 3

The number of minutiae observed by each examiner (1-10), for each latent mark (A-]), at time 1 and at time 2 (intra-observer). The last column shows the retest reliability

statistic for each of the 10 examiners.

Latent mark

Retest reliability (1)

Examiner A B C D E F G H I ]
1 Time 1 27 15 17 9 9 7 16 13 7 13 .95
Time 2 26 14 21 10 8 5 13 15 7 12
2 Time 1 31 16 14 9 10 7 12 13 6 9 .85
Time 2 23 13 19 10 9 9 10 8 8 11
3 Time 1 19 11 13 5 9 5 8 12 6 10 .65
Time 2 18 8 16 8 15 9 17 21 7 12
4 Time 1 20 12 17 6 10 8 7 8 6 7 .92
Time 2 22 9 19 11 10 9 8 8 6 8
5 Time 1 19 11 19 6 10 13 9 14 8 12 .84
Time 2 25 13 21 9 14 12 12 11 8 9
6 Time 1 34 16 21 12 13 13 12 11 8 12 .80
Time 2 25 12 23 11 17 7 12 16 9 13
7 Time 1 21 9 19 9 12 9 10 18 6 10 .80
Time 2 21 13 14 7 8 6 7 11 6 10
8 Time 1 19 14 14 10 9 6 12 13 7 11 .87
Time 2 22 13 18 10 15 8 13 17 5 11
9 Time 1 19 11 11 7 9 4 8 15 5 2 .88
Time 2 23 14 20 7 13 8 11 14 4 5
10 Time 1 19 10 9 8 4 2 10 8 6 5 91
Time 2 20 10 9 7 8 3 6 7 6 5

Table 4 showed that examiners differed significantly from each
other in the consistency with which they judged the 10 latent
marks: Fgg1)=2.17, p=.032, effect size correlation eta = .44. Are
the more consistent examiners characterized by personality type
and cognitive aptitudes? If so, we need to know how to select
candidates with such cognitive profiles during recruitment. Or

Examiners Latent Marks
1,2,5(.9
0,0,4,5,7,8 .87
i
50.61(8
514,9
419
310,56
2|4
d16
Mean 0.85 0.46
SD 0.085 0.22
Min 0.65 0.16
Median 0.86 0.43
Max 0.95 0.87
Examiners Latent Marks
Maximum .95 .87
75" percentile 912 612
Median .86 425
25™ percentile .80 285
Minimum .65 .16
Mean .85 46
SD .085 218
s 007 048

Fig. 3. Stem-and-leaf plot of retest reliabilities of 10 fingerprint experts and 10
latent marks (top panel) and summaries statistics of retest reliabilities of 10
fingerprint experts and 10 latent marks.

perhaps these examiners receive a certain type of training, or
maybe they adopted more objective definitions? All these are
important questions that may help pave the way to understanding
how such variations can be minimized.

However, the inconsistencies did not only vary between
examiners, they were also dependent on the latent mark itself.
The analysis of the variance also showed that latent marks differed
significantly from each other in the consistency with which they
were judged: Fg31)=2.82, p =.006, effect size correlation eta = .49.
This means that some latent marks are just more susceptible to
issues of consistency than others. However, understanding and
characterizing what constitutes such latent marks is not a simple
matter, and we must be careful and not be hasty in determining
how to a priori know which prints are susceptible to inconsistent
analysis. With careful further research and converging studies, we
should be able to learn and predict which latent marks are likely to
be problematic.

Experts Latent Marks
114
1,2,3(3.14,5,6,7
3,7,812.14,6,9
2,5,6(1.(3,7
0.7
Experts Latent Marks
Maximum 4.1 3.7
75" percentile 322 3.52
Median 2.75 2.75
25" percentile 1.58 1.6
Minimum 1.2 0.7
Mean 2.58 2.58
S 922 1.049
s 851 1.100

Fig. 4. Stem-and-leaf plot of absolute difference scores of 10 fingerprint experts and
10 latent marks (top panel) and summary statistics of absolute difference scores of
10 fingerprint experts and 10 latent marks.
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Table 4

The differences in number of minutiae observed by the same examiner at different times. The bottom row is the mean difference per latent mark (A-J), and the right most

column is the mean difference per examiner (1-10).
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This is an important step to remedy the problem. Once we know
which latent marks are likely to cause consistency issues, we can
recommend appropriate scientifically based procedures that
attenuate the problem. For example, in latent marks of low
quality, instructing a number of examiners to only mark minutiae
that they have high confidence in. And then allow only use of those
minutiae that have been marked across different examiners, thus
using consensus in high confidence to determine the reliable
features to use in such marks. Another approach is for mapping
quality and clarity across a latent mark, so as to map high, medium,
and low quality regions. Variability of feature selection may be
lower if examiners are required to select only from the higher
quality regions, but that may entail losing out on information. In
this study we have identified a common phenomenon found in
many expert domains, invite debate on the topic and its
significance, and have suggested recommendations to deal with it.

Given that this present study has identified significant inter- and
intra-observer variations during minutiae selection, it is relevant to
ask: What impact can this have on the overall comparison decision
making outcome? Is the lack of consistency a practical concern or an
academic issue? The answer to these questions appears to be
complex and depends on a number of factors. For example, in Evett
and Williams [1] the variations in reported minutia did not totally
predict the variations in overall decision outcome. In their study,
Trials B, E, and F (which varied a lot in minutiae reported by some
examiners), had 99%, 92%, and 100% consensus (N = 130) that the
latent mark and the print originated from the same source. In other
words, the variations (e.g., Trial F varied up to 42 minutiae), did not
necessarily prevent experts reaching the same final conclusion. In
contrast, other trials (such as Trial H) which had smaller variations,
had less consensus on the final overall decision (in Trial H, e.g., 54%
concluded they are likely from the same source, 38% reported
insufficient detail to make a decision, and 8% reported they are not
from the same source). Here the variation in feature selection
appeared to be critical.

InLangenburg et al. [ 14] a similar trend was observed. In their Fig.
12, participants reported ranges (maximum differences) of 21, 17,
and 12 minutiae respectively for Q1, Q4, and Q5 trials. However,
trials Q1 and Q5 resulted in 100% consensus (N = 43) for the reported
decision. Q4 on the other hand resulted in three errors, and the
remaining participants nearly split on reporting “identification” or
“inconclusive”. Those that reported “identification” had a statisti-
cally significant higher likelihood of also reporting more minutiae. In
this trial, it appeared that the number of minutiae observed directly
correlated to the decision reported and was a critical part of the
decision making process. Therefore, it is clearly a critical issue and
variation needs to be researched and understood better.

It appears as a general trend that the reduction of available
minutiae in a finger mark, especially to a point where the amounts

may hover around categorical decision thresholds (i.e., “identifi-
cation” vs. “inconclusive”), can lead to different decisions.
Therefore, a possible best practice would be to identify a priori
which marks are likely to produce such decision variations and
apply special procedure, such as previously discussed (use of
consensus high confidence minutiae, quality mapping, conserva-
tive selection procedures, etc.). Further research is recommended
here, particularly to determine which suggested variation reduc-
tion technique is appropriate and effective.

4. Summary and conclusions

Feature selection during the analysis stage of a latent mark is
important because it sets the stage and the parameters for
comparisons and decision making. Although this stage is relatively
robust, it is still susceptible to observer effects. In this study we
found that the presence of a comparison ‘target’ print may affect
the analysis stage. Furthermore, there is lack of consistency in the
analysis not only among different examiners (e.g., reliability
among examiners r=.85), but also within the same examiners
analysing identical latent marks at different times (retest
reliability r = .86).

The characterization of experts’ consistency depends on the
standard applied. If we examine the purest test of consistency, i.e.,
how consistent examiners are with themselves, then the retest
reliability of r = .86, though far from perfect is respectably high;
but using another standard, we find that at best (see footnote 5)
only 16% of experts observed the exact same number of minutiae
when analysing the same latent mark (40% of the experts were
within one minutia difference, and 55% were within a difference of
two minutiae).

Our study goes beyond establishing that analysis of latent
marks by experienced latent print examiners is inconsistent. First,
it demonstrates that the presence of a comparison print can affect
the analysis of the latent mark. Second, it shows that examiners
are inconsistent among themselves; i.e., different examiners vary
in their analysis. Third, it reveals that the consistency of
examiners with themselves varies; some examiners are relatively
consistent with themselves and others are not. Fourth, we found
that the lack of consistency does not only depend on the examiner
in question, but it also highly depends on the nature of the latent
mark itself.

For each of these findings we suggest potential recommenda-
tions to mitigate the problems. First, given the effects of the
comparison print, we suggest that initially the analysis of a latent
mark should be done in isolation from the comparison print.
Furthermore, we do not rule out reconsideration of the analysis
after exposure to the comparison print, but stipulate that this
process, should it occur, must be clearly and transparently
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documented, and justified. Further research needs to consider
other ways to deal with variation in the analysis stage. One
suggestion may be, for example, that examiners should mark
confidence levels in minutia detection; thereafter they can only
reconsider low confidence judgements but cannot change those
that were analyzed initially with high confidence (see Dror [35] for
details).

Second, given that examiners vary among themselves in their
analysis, we support the development of a simple calibration tool
that enables examiners to adjust their threshold so as to meet the
standards in the field.

Third, given that some examiners are more consistent with
themselves than others, we are confident that with proper
selection of examiners with the right cognitive profiles specifying
the exact skills needed for latent fingerprint examination and with
proper training, can reduce the examiners’ contribution to
inconsistencies in finger mark analysis.

Fourth, given that the latent marks themselves play a major
contributing role to the inconsistencies, and that these contribu-
tions vary with different marks, we suggest that such marks be
subject to a different analysis procedure. Namely this would
require using only higher confidence consensus minutiae that a
number of independent examiners agree on.

Determining characteristics in finger mark analysis is critical and
measures must be taken to minimize inconsistency and increase
objectivity. These issues are not limited to fingerprint examination,
there are similar issues across the forensic disciplines, including
DNA. We do note that the potential problems with inconsistent
analysis may be acute only when the comparison and latent mark
are near the threshold for identification (and thus one analysis may
result inidentification whereas another analysis does not; problems
may also arise around judgments of ‘inconclusive’ when another
analysis may be sufficient for identification). When the decision is
considerably beyond the threshold of determination, then these
issues may not have important practical implication (as both
analyses, although inconsistent, still will result in the same overall
decision).

Understanding the cognitive issues involved in pattern match-
ing and decision making, and researching them within the realm of
fingerprinting is a promising way to decrease expert variation,
improve the reliability of fingerprinting, and to gain insights into
the human mind and cognitive processes.
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