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Abstract

Recent cases of erroneous identification have strengthened critical comments on the reliability of fingerprint identification. This goes hand in
hand with recent publications regarding the lack of scientific foundation of the discipline. Combined with ““legislative’ needs, such as for instance
the admissibility criteria under Daubert, or experimental studies revealing potential bias, the call for research on the identification process has
become more urgent.

That background set the basis of this research project financed by the Swiss National Science Foundation (SNSF) which includes, among other
parts, experimental tests to study potential observational biases in the analysis stage of fingerprint individualisation. These tests have been
submitted to several groups of forensic science students at the University of Lausanne.

The aim is to study factors potentially influencing the analysis of fingermarks, more specifically the influence of training/education (test I) as
well as the potential impact of case contextual information or known print availability (test II). For all tests students were given 11 or 12
fingermarks of a medium to difficult quality, with a range of 8—15 minutiae. For all tests the task was always the same for the participants but carried
out in different contexts: to analyse the marks, to annotate the minutiae observed, to designate them and to decide on the status of the mark in two
categories, exploitable and identifiable. The aim was to see how the fingermarks were annotated by different individuals so as to have an idea of the
variation in annotation and counting in the analysis stage only.

For test I, students were submitted the same 12 fingerprints before and after having followed specific training in fingermark individualisation.
The aim was to see how training/education impacts the analysis of fingermarks. For test II, were participants given eleven fingermarks so as to study
whether the presence of a comparison print changes the amount of minutiae found and whether low/high-profile background information influences
the analysis stage.

Results show that for test I the effect of training can be observed, among other, in an increase of minutiae annotated and a higher consensus
between participants. For test II no effect of the stimuli used to induce observational biases has been observed by all of the factors studied.
© 2006 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Traditional forensic identification evidence — especially
fingermark individualisation — though accepted in court for
over 100 years, has been challenged lately. Reasons are, among
others, the highly publicised erroneous identification by the FBI
in the Mayfield affair [1] or legislative needs such as renewed
attention on admissibility criteria [2]. The misleading influence
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of observational biases in forensic science [3] is mentioned as a
possible explanation for errors in the Mayfield misidentifcation
[1]. Tt has been theorised that the lower the quality of the
fingermark, the more demanding and subjective the analysis
process will be, and accordingly the more vulnerable to stimuli
potentially inducing observational biases [4]. Those stimuli can
be “circular reasoning” (looking for features found in the
comparison print on the fingermark), disregarding of the “one
discrepancy rule” (explaining away discrepancies) and incorrect
verification of the results when questioned [1]. All these
problems do have their origin in the inaccurate following of the
fingermark individualisation process Analysis, Comparison,
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Evaluation and Verification (ACE-V) [5], especially jeopardising
the independence of the four stages. Within this process basically
three elements exist. They are:

1. the fingermark: the object to be observed;
2. tools and methods used: the way the observation is made;
3. the fingermark examiner: the observer.

Observational biases can have their influence on all three
elements and might happen all along the ACE-V process. We will
focus on the analysis stage, as Langenburg [6] showed that
significant differences exist already in the beginning of the
process. Indeed, the amount of minutiae found by fingermark
examiners in contrast to lay persons increased. Enlargement of
the fingermark was also observed to modify, that is to increase the
amount of minutiae observed. Experimental tests on the
influence of bottom-up and bottom-down factors on fingermark
individualisation have shown that the quality of the fingermark
(contrast, potential distortion and apposition) is an important
factor in creating a difficult decisional situation (for lay-persons)
and that this might be a critical factor in the individualisation
process [4]. Furthermore, a study with five experienced
fingermark examiners showed that, when submitted twice the
same fingermark in a highly different (and emotionally charged)
context three of them changed their initial opinion [7]. Kerstholt
et al. studied observational biases in shoe print comparison [8].
They evaluated how expectations (background of the case) and
complexity of task (difficulty of the comparison) as well as
experience influence the evaluation of simulated case work of 12
shoe print examiners. Contrary to their expectations they did not
find any of these influences having a bearing on the examiners
results. Only experience changed the way decisions were
justified, but not the results as such.

The examiner will be conditioned by all these previous
factors, namely the fingermark and the protocol to be followed
for observation. However, in addition to them various other
external and internal elements will influence him. Internal
factors will be understood as those characteristics which are
part of the individual. This comprises for instance his visual
faculties, his training and his experience. They will not vary
considerably from one fingermark comparison to another,
though they might evolve. External factors will be understood
as elements that will influence one particular case because of
exceptional circumstances. These might comprise special
media coverage due to the profile of the case or working
under special pressures due to time or other constraints.

All these factors might be leading to irreproducible analysis,
especially if added to two peculiarities of forensic science
work. First, there is the environment and the aim of forensic
work that can be tense due to time and heavy context associated
with the case. Second, known comparison material may be
available upfront, and originate mostly from a “relevant”
source from the investigation perspective. Expectation would
be that the chance to find a match between the mark and the
known comparison material might be a high a priori for the
examiner. This phenomenon might even be reinforced by
experiencing this happening repeatedly.

To summarise, it can be stated that the lower the quality of
the fingermark, the more demanding and subjective the analysis
process will be. According to Tversky and Kahneman [9] the
tendency to rely on additional, though not necessarily relevant
information increases when the data present does not offer
enough information for a clear decision. It is then that case
relevant and not mark relevant information will be used to reach
an opinion. In short, fingermark individualisation is more
vulnerable to expectations and biases if the difficulty of the task
is increased.

The aim of the research was thus to study the potential
(negative) influence of observational biases at the analysis stage
of fingermark individualisation by an experimental approach
using low quality marks. Such research should help assess
whether or not observational biases can develop into errors
compromising the reliability of fingermark individualisation as
advanced by some authors [3,10].

Several factors were studied. The first was the effect of
training on the analysis stage of fingermarks (test I). Forensic
science students were tested before having acquired thorough
knowledge in fingermark individualisation and after having
followed a course on forensic identification and having carried
out practical examination. It was predicted that the number of
minutiae annotated (per fingermark and per individual) would
increase with training and that the overall variation between
individuals for the minutiae counted for a given fingermark
would diminish. It was also predicted that the amount of
fingermarks considered exploitable (useful for comparison
purposes) and identifiable would increase as well with training.
Langenburg [6] showed already the higher efficiency of trained
professionals compared to lay person. We felt important to
attempt to show that such a trend (if any) can be related to
specialised training.

Secondly, the potential impact of observational effects has
been explored (test II). Stimuli in form of the presence of a
matching and a non-matching comparison fingerprint was
expected to vary the amount of minutiae found by the group
submitted to condition A (group A) versus condition B (group
B). The same phenomenon was expected for the disclosure of a
high-profile (terrorism) versus low-profile (attempted petty
burglary) background scenario.

2. Method
2.1. Participants

Participants were forensic science students of the School of Criminal
Sciences of the University of Lausanne. Depending on the test, different classes
were sampled. However, all forensic science students have followed the same
theoretical and practical lessons in fingermark individualisation.

2.2. Materials and design

Fingermarks from practical student case work were given for analysis to
three experienced fingermark examiners in order to determine among others the
number of minutiae found. Their findings were used as criterion for selecting
fingermarks for the tests. A total of 16 fingermarks relatively close to the Swiss
threshold of 12 minutiae and of varying nature were included in both tests (12 in
test I and 11 in test II).
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;S?E;teraltion of the design for the test II on stimuli for potential observational biases

Group Reference Availability of known print Context

A Same finger None Matching print None Non-matching print High-profile Low-profile
B mark Matching print None Non-matching print None Low-profile High-profile
Finger mark 1 2 3 4 5 6-8 9-11

For test I (experience) a within group design over a period of time was used.
Experience was manipulated by testing the same population (39 students)
before and after (29 students) having acquired specific theoretical and practical
knowledge, that is having followed a full course in forensic identification. For
test II (observational biases) a between-group (between subjects) design was
chosen. Observational biases were manipulated by subjecting group A to one
condition and group B to the second condition for the same fingermark
(Table 1). The sample included 20 master and 28 bachelor students, all having
followed the same forensic identification course. To study the influence of the
presence of a known comparison print at the analysis stage a matching and a
non-matching case were given to each group. The same design was used for the
high/low-profile manipulation (attempted petty burglary versus terrorism case).
One reference fingermark was presented to both groups without specific stimuli,
S0 as to have a direct between test condition comparison. The test sheets for
groups A and B were randomly distributed within the class.

Materials comprised the four times enhanced fingermarks all printed with a
photo-quality Fuji Pictrostrat printer for both tests I and II.

The results to be observed were the same for both tests I and II. For each
fingermark, the response consisted in the total number of minutiae anno-
tated, the respective type of minutiae — ridge ending, bifurcation, point or
unknown — as well as the classification of the fingermark into exploitable or
identifiable.

2.3. Procedure

For both tests I and 11, participants carried out the task during a normal class.
They first read a written instruction sheet explaining the task to them and the
way to proceed. Explanations as to the aim of the research were minimal and
kept very general. Then, the task was described, namely, to analyse each given
fingermark by annotating each minutiae found, to determine the type of
minutiae found — ridge ending, bifurcation, point or unknown — (see illustration
below) and to assess the usefulness of the fingermark using two categories

(exploitable or identifiable).
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Participants were encouraged to differentiate the minutiae marked either by
letter (A, B, P and U) and/or by colours. Participants were expected to use the
standard procedure of analysing a fingermark learned during their theoretical
and practical lessons based on Ashbaugh [5]. The illustrations of the types of
minutiae were given in order to avoid misgivings about the definition of a
minutiae.

ridge ending (A)

3. Results
3.1. Test I: training

The aim was to observe possible differences in the
annotation of minutiae before and after training of forensic
science students. In a first time the mean number of minutiae
found by participants over all fingermarks was compared. If

they did find an average of 8.1 minutiae when novice, they
found 11.5 when having been trained, that is an average of 3.4
minutiae more when more experienced. Increase was highest
for fingermarks with background noise and/or bad contrast.
Then, for each fingermark the means and the difference of
minutiae observed were compared. The minimal and maximal
number of minutiae found per fingermark and the range of
minutiae found (difference between minimum and maximum)
were noted as well.

For each of the 12 fingermarks the mean of minutiae found
does increase considerably from the novice to the experienced
condition, with a minimum of two minutiae more observed, up
to a maximum of nearly seven minutiae (Graph 1). All of these
values are highly significant by the statistical ¢-test. The
minimum amount of minutiae found per fingermark does
increase as well for all fingermarks. The same is true for the
maximum, excluding however 3 out of 12 fingermarks. In
general, the range of minutiae found by all participants for the
same fingermark does decrease after having been trained in
fingermark examination (two out of three fingermarks). As to
the types of minutiae found, it has been observed that over all
minutiae marked the total number of ridge endings passes from
342% to 44.1%, a very significant increase. Inversely, the
amount of bifurcations decreases from 54.7% to 47.6%. The
rest of the change due to points and unknown minutiae is
negligible in comparison. Concerning the classification of the
fingermarks in terms of exploitable and identifiable in can be
observed that the mean number of exploitable nearly doubles
form novice to experienced, while it does more than double for
the identifiable condition. In summary, results illustrate that
participants do see more minutiae for the different fingermarks
while showing a greater consensus in their observations.

3.2. Test II: observational biases
The aim was to observe possible differences in the

annotation of minutiae between the two groups due to the
manipulation of the factors: (1) availability of a known

w

B Experienced

(5,

mean number of
minutiae
°

LIFTIT

1 2 3 5 6 7 8 9 10 11 12
fingermark

o

Graph 1. Variation of the mean number of minutiae annotated by novice and
more experienced participants on 12 fingermarks.
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Graph 2. Variation of the mean number of minutiae annotated by groups A and
B on the 11 fingermarks studied using different stimuli.

comparison print and (2) differing background case informa-
tion. For the mean number of minutiae over all fingermarks
(group A: 138, 01; group B: 137, 28) no difference between the
groups A and B was noted. The same observation applies for all
other parameters studied (see Graph 2 for an illustration of the
difference in mean number of minutiae found by the two
groups).

More specifically, the first fingermark which was used as
reference does not show any significant difference between the
groups, be it the amount of minutiae found, the mean or any
other factor compared. The same results apply to all other 10
fingermarks. Considering the presence/absence of a known
fingerprint, be it the matching or the non-matching condition,
no significant difference can be observed neither. The same
result does apply to the low/high-profile condition for all data
observed. The type of minutiae observed does not vary between
the two groups, nor does the qualification of the fingermarks as
exploitable or identifiable.

4. Discussion
4.1. Test 1

In agreement with our expectations for test I a pronounced
effect (an increase of the total number of designated minutiae)
of training on the analysis stage of fingermark individualisation
was found for test I. It might be inferred that participants have
gained knowledge on the observation of minutiae. A certain
move towards consensus of the way a fingermark is perceived
can be observed as well. However, this effect is limited, as still
quite important variations do subsist between examiners. This
is in accordance with the observations of Evett and Williams
[11]. Furthermore, training does affect the type of minutiae
found, as bifurcations are less often attributed. Though these
variations are smaller for the more experienced participants in
comparison with their novice performance, the abovemen-
tioned tests show that differences will still persist. Indeed,
observation is linked to individuals, which might differ slightly
in what they observe. Therefore, a clear subjective element
persists.

4.2, Test 11

Contrary to our initial expectations for test I on the potential
effects of stimuli inducing observational biases, no effect of
availability of known print nor context information has been

observed. This was true for all fingermarks used in the test.
These results do, to a certain degree, contradict previous
findings or hypotheses, for instance Risinger et al. [3] and their
overview of studies on the detrimental effects of expectation on
reasoning and perception. Also the study by Dror et al. [7],
showing with a within-subject design that context information
might influence the conclusion drawn from a fingermark as to
its identification or not. However, these studies focus on the
outcome, the moment when observations have to be evaluated
in terms of evidential value. It is argued here, that not all stages
of the process of ACE-V are similarly vulnerable to
observational biases. Indeed, the less decisional tasks are
involved in a stage, the less the risk of ‘“‘oversimplifying”
information in order to reach a decision might be [9]. Thus,
individuals might quite correctly observe minutiae if the task is
only to designate them, but they might not be able to undertake
this task correctly, if forced to compare with reference material
and draw a conclusion from that all encompassing process.

The study by Kerstholt et al. [8], although based on shoe
print examinations by experienced examiners and a slightly
different design, does come to a similar conclusion as far as the
effects of expectation and complexity go. They did not observe
any difference due to the manipulation of the background,
which should modify expectation. They explain this result
partly by the presence of a formal guideline employed by the
examiners, but also by the potential positive influence of
experience on vulnerability to these potential sources of biases.
As the experience of our participants is limited, this second
thesis does not explain our results. The first aspect, the presence
of a guideline, or a “‘structured” approach to fingermark
examination might be a better way into explaining the results.
Indeed, as long as the guidelines are followed properly, there is
a small risk of drift happening.

Although further research is needed for a better under-
standing of how the ACE-V protocol could be influenced by
potential observational biases, especially in the phases
following the analysis—the results presented here tend to
show the robustness of the analysis phase.
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