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A B S T R A C T

Friction ridge examiners (FREs) identify distinctive features (minutiae) in fingerprints and consider how rare 
these observed minutiae are in their decisions about both the value of a fingerprint and whether there is enough 
correspondence between two fingerprints to support an “identification” or “exclusion” decision. But subjective 
perceptions about the frequency of events and features tend to be inconsistent and dynamic, which means that 
variable perceptions of minutia frequency may contribute to inconsistencies in FREs’ opinions about fingerprint 
evidence. We surveyed expert FREs at two time points (NTime 1 = 132; NTime 2 = 99) to establish how rare FREs 
believe different minutia types to be and to determine the variation in examiners’ perceptions—both between 
different examiners and across time for the same examiner. We observed significantly less variation in FREs’ 
perceptions of minutia frequency for three minutiae: the two most common minutiae and the minutia perceived 
to be the least common. We also observed increases in FREs’ estimates of minutia frequency over time and when 
they reported recent sightings of the rarest minutiae. FREs reported frequently using this information in their 
fingerprint comparison decisions. We present practical recommendations for using these consensus-based fre
quency estimates (until more objective data are available) to increase consistency in FREs’ use of base rates when 
examining fingerprint evidence, which may consequently increase the repeatability and reproducibility of de
cisions made by FREs.

Latent fingerprint analysis is a useful forensic tool because finger
print patterns have distinctive elements. If there are many features in 
agreement between two fingerprint impressions—for example, one 
collected from a suspect (an exemplar print) and one found in connection 
with a crime (a latent print)—a latent print examiner (LPE) can opine 
about the likelihood that a particular individual left a particular 
fingerprint impression [4]. Most forensic science disciplines have 
received harsh criticism over the last few decades (e.g., [15]), but there 
have been more validation studies on the performance of LPEs in 
response than seen in many other forensic sciences (e.g., [20,26,27]). 
However, foundational questions about fingerprint analysis remain 
unanswered, some of which may further shed light on the value of 
fingerprint comparisons and help improve the performance of, and 

reduce variability between, LPEs. The current research focuses on one 
such foundational question, addressing the very things that make 
fingerprint analysis so useful and compelling—the distinctive features 
within each fingerprint known as minutiae.

Friction ridge examiners (FREs; which includes LPEs and Tenprint Ex
aminers/TPEs) consider the appearance, arrangement, and number of 
corresponding minutiae along with other information to make decisions 
about whether two fingerprints are likely from the same source (some
times called an inclusion or, more commonly, an identification) or 
different sources (an exclusion). But first, FREs must opine on the quality 
and quantity of observed features within the fingerprints. If a fingerprint 
lacks sufficient quality or quantity of features to perform a comparison, 
an FRE may opine that the fingerprint has no value or is unsuitable for 
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comparison. Among fingerprints deemed suitable for comparison, the 
available information sometimes still does not support an identification 
or an exclusion decision, resulting in an inconclusive decision [31]. 
Importantly, the number of corresponding features required before an 
FRE will judge two impressions to be from the same source has not been 
standardized. FREs vary considerably in the minimum number of cor
responding features they deem sufficient for a “same-source” determi
nation, both when asked to self-report those numbers [29] and when 
actually performing comparisons (e.g., [17]). This variability is, in part, 
because there are few standardized procedures and criteria available to 
regulate forensic disciplines generally within the United States [15], but 
also because it is difficult to choose a valid cut-off value without 
empirical data to inform that decision.

There are two primary questions relevant to determining the number 
of corresponding minutiae required for a same-source determination. 
FREs must first determine the number of corresponding minutiae be
tween fingerprints. In other words, knowing how many minutiae can be 
expected to correspond by chance in two prints that are not from the 
same source and at what point the number of corresponding minutiae 
suggests that two prints originate from the same source. Although a 
seemingly simple question, this issue has become increasingly tricky in 
recent years. As fingerprint databases increase in size and search algo
rithms improve, it is becoming more likely that FREs will observe fin
gerprints from different sources that share many features in common 
(see discussions of “close non-matches” in [11], and [13]). The second 
key question concerns the rarity of all corresponding minutiae. Logi
cally, exceedingly common minutia types are more likely to be repeated 
across multiple sources due to their high prevalence. It is therefore 
important to determine the rarity of each corresponding minutia. If one 
or more of the corresponding minutiae are particularly rare, an FRE 
might determine that fewer corresponding minutiae are required to 
support an identification decision due to the small likelihood of 
observing such minutiae at all, let alone observing corresponding 
minutiae across two impressions.

1. Existing empirical data on the prevalence of minutia types

Addressing the issues raised above would require empirical knowl
edge of the prevalence of minutia types within fingerprints. Given the 
foundational importance of minutiae in latent fingerprint analysis, one 
might assume that these data are readily available and well-known. 
However, there are few examples of published, objective data that 
FREs can use to judge the “commonness” or “rarity” of each type of 
minutiae (see [12], for a review). Instead, FREs generally rely on their 
training and work experience to make subjective judgments about how 
often they have seen different types of minutiae and what the base rate 
of a particular minutia type is in the population.

Researchers have documented counts of basic (e.g., Bifurcations or 
Ridge Endings) and compound minutiae (e.g., Enclosures, Short Ridges, 
or Double Bifurcations) in several small-scale studies of specific pop
ulations. That said, different studies report the frequency with which 
different minutiae appear in different ways—some as a proportion of all 
minutiae counted (e.g., [10]), and some by splitting a fingerprint into 
manageable sections and looking at what is in those sections [19]. 
Combined with a lack of consistency in labelling and definitions for 
minutia types, it is extremely difficult to compare rates across studies.

One high-quality example of a study examining minutia frequency 
was conducted by Gutiérrez-Redomero and colleagues [10]. In this 
study, they reported counts of 18 minutia types in a sample of 200 
Caucasian men and women from Spain. They found that “Ridge End
ings” and “Bifurcations/Convergences” (see Fig. 1A) were the most 
common minutia types by far (approximately 60 % and 30 % of all 
minutiae found, respectively), and that complex, compound minutiae 
such as “Trifurcations” and “Ms” (see Fig. 1B) were among the rarest 
(estimated to make up approximately 1 % of all minutiae or less). Other 
researchers have calculated similar base rate estimates (for a review, 

see: [12]; for examples, see: [1]4; [5,19]), but all that can be concluded 
with certainty is that some shapes are so rare that even finding one 
example in any fingerprint is unlikely (e.g., Trifurcations, depicted in 
Fig. 1B, are estimated to represent 0.05 % of minutiae by [10]), whereas 
other minutiae appear multiple times in almost every fingerprint (e.g., 
Bifurcations and Ridge Endings).

2. Establishing consensus-based estimates of minutia 
prevalence

In the absence of conclusive data detailing the prevalence of different 
types of minutiae in fingerprints, researchers can nevertheless advance 
the forensic science discipline by examining FRE beliefs about such 
prevalence. Indeed, a large body of social science research indicates that 
the lack of empirical data does not preclude one from holding strong 
beliefs about a topic (e.g., [2]). As previously mentioned, FREs still hold 
beliefs about the prevalence of certain minutia types, but they base such 
beliefs on anecdotes and personal experience as opposed to empirical 
data.

To our knowledge, only one study has explored FRE perceptions of 
minutia frequency [18]. Although the findings are certainly dated (the 
study was conducted approximately 60 years ago), results indicated that 
FREs thought Ridge Endings and Bifurcations were most common and 
Double Bifurcations, Trifurcations, and Bridges were least common. 
Moreover, surveyed FREs noted that, when they relied on fewer corre
sponding minutiae to opine that two prints originated from the same 
source, it was typically because the fingerprints had “unusual charac
teristics.” However, there was very high variability in which features 
examiners considered to be unusual as opposed to common. Again, these 
results suggest that without empirical data, FREs rely on subjective 
opinions to determine which minutiae are “unusual” versus “common.”

3. The impact of FRE’s individual estimates of minutia 
prevalence on analytic decisions

Assessing FRE perceptions of minutia prevalence is critical because 

Fig. 1A. Two Examples of Common Minutiae. Note. These are a “Ridge Ending” 
and a “Bifurcation,” with images obtained from Gutiérrez-Redomero et al. [10].

Fig. 1B. Two Examples of Rare Minutiae. Note. These are a “Trifurcation” and an 
“M,” with images obtained from Gutiérrez-Redomero et al. [10].

4 Although we cite this study as one that reported minutiae base rates, we 
note that their data show some strange proportions that do not align with other 
data regarding base rates of minutiae. Specifically, their ridge ending counts 
seem very low—too low to be correct.
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some minutiae carry more weight than others in the mind of the FRE. 
FREs assign this “weight” in a subjective manner and there is a large 
body of psychological literature suggesting that the weight assigned to 
identical minutia types is likely to vary—both between FREs and for the 
same FRE across time. Research shows that perceptions of relevant base 
rates influence FRE comparison decisions—FREs who believe identifi
cations to be rare in a sample of prints appear more likely to “miss” 
same-source pairs than FREs who believe identifications to be more 
prevalent in the sample [9]. Findings suggest that the inverse may also 
be true—when FREs do not expect to encounter different-source pairs 
very often, they are more likely to falsely identify prints than other FREs.

Thus, perceived frequency of different minutia types might influence 
whether FREs conclude “identification” or “exclusion”, outside of their 
awareness. Yet, unlike a lot of subjective information available to FREs, 
the frequency with which different minutiae occur is relevant to the task 
FREs perform. Issues arise not because the information is irrelevant and 
should not be relied upon but, rather, because of their reliance on sub
jective perceptions of frequency. If FREs’ perceptions are skewed or 
inaccurate, this will lead to inconsistent and potentially inaccurate 
outcomes due to cognitive bias—when the collection, perception, and 
interpretation of decision materials, or their resulting decisions, evalu
ations, or confidence, is affected by an individual’s preexisting beliefs, 
expectations, motives, or the situational context [22].

Of course, relying on perceptions of minutia prevalence is not of 
concern if such perceptions are accurate. Unfortunately, there is a 
wealth of research demonstrating that people generally struggle to 
accurately estimate the frequency of events or features when drawing on 
their own knowledge and experience [3,24,25]. People are more accu
rate in their estimations of base rates for events or features that are 
extremely rare, or very common—“that occurs in every case” versus “I 
have almost never seen that despite my large sample of experiences”—but 
everything in between is difficult to distinguish. This is because expe
riencing something in 30 % of relevant cases is going to feel much the 
same as if it occurred 40 % of the time.

People’s perceptions of how often particular events or features occur 
are also heavily influenced by instances that are easier to bring to mind 
[24]. Some instances come to mind more easily because they are 
particularly noteworthy or memorable, such as a particularly important 
or controversial case, or a fingerprint with a particularly unusual set of 
minutiae. Instances that stand out are easier to remember and, thus, 
more available when people reflect on the full range and number of 
relevant experiences. Recent instances are also more easily available 
during recall [16,24]. People’s beliefs about frequency are therefore 
unlikely to be static because perceptions rely heavily on dynamic in
formation such as recent exposure to certain events and changing cir
cumstances or environments. Thus, instances that occurred a long time 
ago are less accessible than recent instances—an FRE’s experiences with 
minutiae last week will be easier to recall than experiences from the start 
of their career. Thus, memorable or recent examples are likely to be 
over-represented when FREs make estimates about minutiae base rates.

Other research suggests FREs also struggle to estimate base rates for 
different friction ridge pattern types. In one study, Mattijssen et al. [14]
found that FREs’ perceptions of the frequency with which different 
friction ridge patterns occur (e.g., Double Loop, Tented Arch, Ulnar 
Loop) did not align with objective counts. However, it is important to 
note that this study asked FREs to think about base rates for a wider 
range of fine-grained categories (35 different sub-categories of friction 
ridge patterns) than FREs typically use in their work. As a result, the 
accuracy of the subjective estimates in this study likely suffered 
compared with what the researchers would have seen if they had merely 
asked FREs to opine about base rates for friction ridge patterns 
commonly used by FREs in their work (the eight main sub-categories of 
friction ridge patterns).

The existing data suggest that FREs hold subjective estimates of 
minutia base rates, but we do not know how much variation exists in 
FREs’ perceptions, or how well those perceptions align with actual base 

rates. Further, no research has addressed whether LPEs explicitly use 
minutia prevalence to inform their analytic decision-making. Therefore, 
this information may influence FREs’ decisions in different ways and to 
different extents between FREs and across contexts. Recent work sug
gests that even small shifts in FREs’ decision criteria can have large ef
fects on error rates and the value of their decisions [23], and perceived 
minutia base rates might impact FREs’ decisions at every stage of their 
evaluation.

The nature of the decisions and the details of the analytic procedure 
may vary between FREs, laboratories, and jurisdictions but, in general, 
the widely accepted framework for latent print examination that is fol
lowed by most FREs is ACE-V (Analysis, Comparison, Evaluation, and 
Verification; see [31], for a summary of this approach), which stan
dardizes broad steps of the examination process. FREs’ adherence to 
ACE-V standards is unknown [30] but research suggests that FREs’ de
cisions vary widely within each phase of the examination process. For 
example, Ulery and colleagues [28] found that FREs rarely agree on how 
many minutiae are observed within the Analysis phase. Further, Gardner 
and colleagues [8] noted that FREs often differ in the types of infor
mation they review during the evaluation process.

Taken together, the existing literature suggests the ACE-V framework 
leaves significant room for variation and inconsistency in FRE decisions 
and, as shown in Table 1, one source of variation within each stage of 
this framework is perceived minutia base rates. The absolute or relative 
frequency with which particular minutiae can be expected to appear in 

Table 1 
How Perceptions of Minutia Rarity Affect Stages of the Procedure Used by LPEs.

Stage of 
Analysis

Goal How do FREs’ perceptions of 
how rare minutiae are factor 
into this stage?

A Analysis A decision about the value of 
the data in the 
fingermark—Is there enough 
reliable information in the 
latent fingerprint to perform 
a meaningful comparison 
with an exemplar fingerprint 
and support a decision about 
source?

Rare minutiae are more 
distinctive. FREs expect rare 
minutiae to appear less 
often—particularly in 
fingerprints from different 
people. Thus, FREs perceive 
rare minutiae to have more 
value, or weight, than common 
minutiae.

C Comparison An observation of the 
similarities and 
dissimilarities in the latent 
fingerprint and the exemplar 
fingerprint from a subject. 
Are there corresponding 
features? Are there 
dissimilarities? How clear 
and distinctive are the 
features?

If two impressions feature a 
minutia perceived as rare by 
the FRE, they may assign more 
weight to that similarity than 
to other similarities. 
Corresponding, perceptually 
similar minutiae that are rare 
may outweigh some 
dissimilarities.

E Evaluation The FRE makes a decision 
based on their analysis and 
comparison of the 
fingermark and 
fingerprint—Are there 
enough corresponding 
features to support an 
“identification”, an 
“exclusion”, or an 
“inconclusive” decision?

Minutiae that are perceived as 
rare, yet are shared by two 
impressions might indicate 
there is strong support for a 
“same-source” determination 
compared with common 
corresponding minutiae 
observed in two impressions.

V Verification A second FRE compares the 
fingermark and the 
fingerprint to corroborate 
the first FRE’s decision. 
Ideally, this is done 
independently with no 
knowledge of the initial 
decision, or of the 
information used by the first 
FRE to complete their 
analysis.

The second FRE may have 
slightly different perceptions 
of the rarity of a particular 
minutia as these estimates are 
based on their experience, not 
objective data. So, the second 
FRE may assign a different 
level of value to the minutia 
than the first FRE.

Note. FRE = Friction Ridge Examiner.
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fingerprints is also clearly task-relevant in latent print examination. That 
said, the relevant information can still lead to undesirable variation in 
FREs’ decisions about the same latent print information if that infor
mation is highly suggestive of an inclusion or exclusion, inconsistently 
applied, or relies on subjective information (i.e., if the biasing power or 
subjectivity is high; [6]). Therefore, it is important to develop an un
derstanding of variation in perceptions of minutia base rates and the 
extent to which this subjective information might shape FREs’ decisions.

4. The current study

In the current study, we gathered information about the variability 
and stability of FREs’ perceptions of minutia frequency. We were pri
marily interested in the variation in perceptions of base rates between 
FREs who responded to an online survey. Given the lack of empirical 
data to inform their opinions, we expected FREs to vary in their fre
quency estimates for most minutia types. Specifically, we expected a 
higher level of consensus among FREs’ estimates of very common (e.g., 
Ridge Endings) and very uncommon (e.g., Trifurcations) minutia types 
as compared to estimates of minutiae that are neither very common nor 
very uncommon ([16,24]). The current study also explored the stability 
of FREs’ perceptions, or how much a single FRE’s estimates of minutia 
frequency change over time, by distributing a follow-up survey one 
month later. This second survey also examined the influence of recent 
experiences with rare minutiae on perceptions of base rates. We antic
ipated that, on average, FREs’ estimates of minutia frequency would 
vary between time points and that FREs who reported seeing rare 
minutiae in the last month would report higher base rates for those 
minutia types than those who did not. Finally, we explored how FRs 
report using their perceptions of minutia base rates to inform analytic 
decisions. The pre-registration can be found on the Open Science 
Framework (https://osf.io/xwm9h/; [21]) along with other materials, 
data, and R Code.

5. Method

5.1. Participants

We initially recruited 132 FREs by advertising via email to a list of 
FREs who had previously indicated their willingness to participate in 
research. Ninety-nine of our initial participants also completed a second 
questionnaire at Time 2, one month after the first questionnaire, which 
resulted in a full set of data from 75 % of the sample. The average age of 
participants was 41.66 (SD = 9.06). Most FREs were female (76 %), from 
the USA (95 %), and regularly completing FRE casework (97 %). These 
FREs reported working across 29 different states in the USA, with the 
highest proportions of FREs in California (24 % of the sample) and 
Florida (8 % of the sample), followed by Virginia and Texas (6 % of the 
sample in each).

When asked how long they had been working as an FRE, the average 
response was 11.74 years (SD = 7.64) and, when asked how much of 
their work time was spent on casework, the average amount of time 
reported by FREs was 92 %. Most FREs reported working at an 
accredited forensic laboratory (78 % of the sample) and just over half 
were certified by the International Association for Identification (IAI; 
58 % of the sample).

5.2. Design and analyses

Our data consist of repeated measures at two time points, which 
allows us to assess both inter- and intra-FRE variability in perceptions of 
minutia frequency. First, we examined rank-order judgments and fre
quency estimates at Time 1 to assess inter-FRE variation in perceptions 
of minutia frequency (n = 132). Then, we compared Time 1 and Time 2 
responses to examine how FREs’ perceptions might vary over time (n =
99). In our preregistration, we planned to conduct Hotelling’s T analyses 

to compare estimates at Time 1 and Time 2. However, because we 
achieved a higher sample size than anticipated due to low attrition rates, 
we were able to run a multilevel analysis controlling for the variation 
attributed to the individual FRE and the variation associated with 
different types of minutiae at Level 2. At Level 1, we included Time and 
conducted several analyses to check for any lab or FRE-level factors that 
might also influence the stability of estimates (e.g., amount of case
work). We also analyzed FREs’ responses to questions about how they 
use their perceptions of minutia prevalence in their work and how their 
training and laboratory procedures have addressed the issue of minutia 
base rates, if at all (n = 132). Finally, we ran non-parametric analyses on 
the data regarding recent exposure to rare minutiae to account for the 
unequal sample sizes across the key comparison groups.

5.3. Materials

5.3.1. Minutia Images
We sought to ensure that we used representative and realistic lan

guage when referencing minutia in our survey. We did not want to cause 
confusion by labelling the categories of minutiae differently than what 
FREs usually see. Because there are no standardized labels for minutiae 
[7], we asked participants to estimate the prevalence of 14 basic and 
compound minutia types based on exemplary images of minutia as 
opposed to text labels alone. Table 2 contains the images used and the 
labels that we have assigned to them (see [7], for our reasoning about 
the labels). Some of the minutia images were obtained from Prof. 
Christophe Champod at the University of Lausanne, Switzerland, and 
were used with his permission. Where possible, we included two ex
amples of minutia types so that the variation that might be seen in the 
shape of interest was communicated to participants. As shown in 
Table 2, each image depicted only one type of minutia and no others.

5.3.2. Survey questions
The first survey (hereafter, Time 1 survey) asked FREs to report basic 

demographic information and some general information about their 
work and career to date. One month later, Time 1 FREs who agreed to 
participate in a follow-up survey (hereafter, the Time 2 survey) were 
asked if anything about their work environment or the nature of their 
work had changed since the last survey.

The main part of the surveys asked FREs to estimate the frequency 
with which 14 different minutia types appear in fingerprints. FREs 
answered this question in two different formats (see below). They then 
answered questions about how they incorporated such information in 
their casework and identified the sources from which they had obtained 
their beliefs about minutiae frequency.

Ranking information. FREs ranked the images of minutiae from the 
most common to the least common. The main prompt was:

Consider the frequency with which you come across different feature 
types in general during your work as a fingerprint/friction ridge examiner. 
Please rank the following minutiae by dragging the pictures around until they 
are in order from the most common feature at the top and the least 
common feature at the bottom.

The 14 images containing examples of each minutia type initially 
appeared in a random order. Participants could click and drag them to 
the position they felt most appropriate. They were also able to provide 
open-ended responses to explain any decisions they made in more detail 
(e.g., if two minutia types should be ranked equally common) or to make 
other comments.

Percentage Estimates. We next presented FREs with the same images 
of 14 minutiae (see Table 2) and asked that they label each minutia (see 
[7], for these data). Then, they were asked, “Consider all of the finger
prints you have evaluated during your time as a fingerprint/friction ridge 
examiner. Approximately what percentage contained at least one example of 
this minutia type?” They were asked to report their estimates again one 
month later, for the Time 2 survey, using the same questions.

Decision-Making Process Questions. The final phase of the survey 
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involved answering questions about whether the prevalence of minutia 
types influenced participants’ analytic decisions. FREs were asked if 
they identified only Bifurcations and Ridge Endings, or also referred to 
compound or combined minutiae (e.g., Enclosures, Spurs) during their 
analyses. Participants were also asked to indicate what type of infor
mation they used to inform their estimates of the frequency of different 
minutia types. Options included published studies or other written re
ports, their own casework experience, their training, or conferences.

Percentage Estimates. We next presented FREs with the same images 
of 14 minutiae (see Table 2) and asked that they label each minutia (see 
[7], for these data). Then, they were asked, “Consider all of the finger
prints you have evaluated during your time as a fingerprint/friction ridge 
examiner. Approximately what percentage contained at least one example of 
this minutia type?” They were asked to report their estimates again one 
month later, for the Time 2 survey, using the same questions.

Decision-Making Process Questions. The final phase of the survey 
involved answering questions about whether the prevalence of minutia 
types influenced participants’ analytic decisions. FREs were asked if 
they identified only Bifurcations and Ridge Endings, or also referred to 
compound or combined minutiae (e.g., Enclosures, Spurs) during their 
analyses. Participants were also asked to indicate what type of infor
mation they used to inform their estimates of the frequency of different 
minutia types. Options included published studies or other written 

reports, their own casework experience, their training, or conferences.
Then, participants were asked, “How often does the rarity of observed 

minutia play a role in your examination decisions?” followed by specific 
questions about value/no value decisions and comparison decisions 
separately.

Examples of Rare Minutia Questions. During the Time 2 survey only, 
FREs were asked if they had seen an example of the five rarest minutiae 
since the Time 1 survey—in the last month. The “rarest minutia types” 
were defined as the five minutia types perceived by FREs to be rarest 
according to base rate estimates at Time 1. The rarest minutiae, ac
cording to Time 1 participants, were Bridges, Crossovers, Divergences, 
Double Bifurcations, and Trifurcations (see Table 3).

5.4. Procedure

Two surveys were administered on Qualtrics. A link for the first 
survey was shared with potential participants via email, with two re
minders sent in the second week after initial distribution. After reading 
the consent form and agreeing to participate, FREs provided information 
about themselves, the laboratory they work for, and their career. Then, 
they took part in a rank-order task where they ordered images of 14 
different minutia types based on their perception of how common each 
was relative to the others.

Table 2 
Images Containing Examples of the Fourteen Minutia Types of Interest.

Minutia Images Label Minutia Images Label 
Ridge Ending Over/Under 

Bifurcation Bridge 

Dot Divergence 

Enclosure Spur 

Short Ridge Tuning Fork 

Ridge Break Double 
Bifurcation 

noitacrufirTrevossorC

Note. The reasoning behind our choice of labels can be found in Eldridge et al. [7], which is an article presenting data on minutia label consistency between FREs.
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Next, for each of the 14 minutia types, participants were given one or 
two pictures “…of a type of fingerprint minutia to reference” and asked “… 
what name [do] you use to refer to that minutia/feature of a fingerprint”. 
These data are reported separately in Eldridge and colleagues article [7]. 
Then, participants were asked to provide a value between 0 % and 
100 % to indicate what percentage of fingerprints they had reviewed 
contained that minutia type.

The survey finished with questions about their laboratory procedures 
and their approach to using their perception of minutia rarity in their 
fingerprint analyses and decisions. FREs were then asked if they were 
willing to complete a second survey containing follow-up questions 
about what they just reported. If they said no, they were debriefed 
before submitting the survey. FREs who indicated they would complete 
a follow-up survey were emailed approximately one month later with 
the link to the Time 2 survey. After reporting whether anything about 
their FRE work had changed since the last survey, they were again asked 
to provide their estimate minutia frequency. Then, they were asked to 
report whether they had seen an example of the five rarest minutiae 
since the last survey before they were debriefed.

6. Results

To answer our research questions, we examined inter-FRE variation 
in the ranks assigned to each minutia type and the frequency estimates at 

Time 1 (n = 132). Then, we assessed how FREs’ perceptions might vary 
over time—intra-FRE variation (n = 99)—or might change after seeing 
an example of a rare minutia (n = 98). Finally, we analyzed how FREs 
reported using their estimates of how rare minutiae are and how their 
training and laboratory addresses the issue of minutiae base rates, if at 
all (n =132).

6.1. Inter-FRE variation

The Time 1 data included ranking information and frequency esti
mates for each minutia type. A summary of the descriptive statistics 
associated with each minutia type is presented in Table 3, and 95 % 
Confidence Intervals for the perceived base rates are displayed in Fig. 2.

6.1.1. Rankings
As detailed in Table 3, perceptions of rarity for several minutiae 

clustered at similar ranks, suggesting a lack of consensus over which is 
rarest among FREs or that these minutiae occur at a very similar fre
quency. However, there was substantial agreement in rankings within 
minutia type when examined using intraclass correlations (ICC = 0.79, 
95 % CI [0.66, 0.92]). For example, Dots, Over/Unders, and Enclosures 
all received a mean ranking between 6 and 7. Divergences, Ridge Breaks, 
and Spurs were also grouped together with mean rankings between 8 
and 9.

6.1.2. Perceived base rates
As detailed in Table 3 and visually depicted in Fig. 2, frequency es

timates mirror the ranking data, with only two minutiae receiving 
average rankings and average perceived base rates that did not match 
up—Bridges (Mrank = 11.55; MFrequency = 18.27 %) and Double Bi
furcations (Mrank = 11.67; MFrequency = 21.26 %). The Time 1 frequency 
estimates (summarized in Table 3) reveal something that the ranking 
data did not, though. There are two minutiae that are seen in almost 
every fingerprint: Ridge Endings (MFrequency = 96.75 %) and Bifurcations 
(MFrequency = 96.19 %). However, the minutia with the third highest 
perceived base rate was a Tuning Fork, for which the average perceived 
base rate was 64.44 %. The average frequency estimates appear to drop 
at a fairly even pace until we reach the least common minutia type
—Trifurcations (MFrequency = 6.00 %), which is a 12 % drop from the 
average for Bridges (MFrequency = 18.27 %). When examining the intra
class correlation for the frequency estimates, agreement among FREs 
was lower than observed in the ranking data, but still moderate (ICC =
0.60, 95 % CI [0.42, 0.79]).

There were also patterns observed in the variation of these estimates. 
The minutiae perceived to be the most common (Ridge Endings and 

Table 3 
Summary of the Descriptive Statistics for FREs’ Perceptions at Time 1.

Minutia Type Time 1 Rank Scores Time 1 Frequency Estimates

MRank SDRank MFrequency SDFrequency

Ridge Ending 1.52 1.64 96.75 % 9.71 %
Bifurcation 2.09 1.69 96.19 % 10.95 %
Tuning Fork 4.21 2.07 64.44 % 25.52 %
Short Ridge 5.05 1.66 59.40 % 24.25 %
Dot 6.04 2.36 52.71 % 25.60 %
Over/Under 6.49 2.06 46.37 % 22.27 %
Enclosure 6.91 2.20 46.21 % 23.62 %
Divergence 8.29 2.41 43.66 % 24.14 %
Ridge Break 8.44 2.64 38.06 % 24.48 %
Spur 8.88 2.31 33.76 % 22.12 %
Crossover 10.34 2.00 23.92 % 17.35 %
Bridge 11.55 1.56 18.27 % 17.63 %
Double Bifurcation 11.67 2.66 21.26 % 20.02 %
Trifurcation 13.53 1.48 6.00 % 10.22 %

Note. Mrank = average rank assigned to minutiae across participants. Mfrequency =

the average percentage of fingerprints in which FREs estimated they had seen 
this minutia type. SDrank and SDfrequency = the standard deviations for those same 
variables. FRE = friction ridge examiner.

Fig. 2. Average Perceived Frequency of 14 Minutiae Among Friction Ridge Examiners (N = 132; Error bars are 95 % Confidence Intervals).
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Bifurcations) and the rarest (Trifurcations) were associated with less 
variation in estimates than seen for other minutia types (SDfrequency range 
from 9.71 % to 10.22 %). Whether there were significantly different 
standard deviations associated with different minutia types was 
analyzed by identifying Ridge Ending estimates as the reference group 
(the minutia with the smallest amount of variation). Other minutia 
frequency estimates were compared to this reference group using ratios.

If two standard deviations are very similar, the resulting ratio will be 
close to 1 and the 95 % Confidence Interval will include 1. If they are 
significantly different, the 95 % CI will be completely above or below 1. 
We looked for standard deviations that were significantly higher than 
the standard deviation associated with FREs’ Ridge Ending frequency 
estimates—where the 95 % Confidence Interval for the ratio was 
entirely below 1 and the p value for the F-test was below 0.05. Results 
are displayed in Table 4 and indicate that there was significantly less 
variability FREs’ perceptions of Ridge Endings, Bifurcations, and Tri
furcations than for all other minutia types. It is notable that these 
minutiae are the three most/least common minutia types as perceived 
by FREs (the most extreme perceived base rates). The variation between 
perceived base rates is shown in Fig. 2 and the results of the inferential 
analyses are reported in Table 4.

6.2. Intra-FRE variation

A total of 99 FREs completed the frequency estimates again at Time 2 
(75 % of the original sample), and 98 of these FREs completed questions 
about whether they had seen the five rarest minutiae in the time since 
the first survey. The descriptive statistics for Time 2 base rate estimates 
from 99 FREs who completed both surveys are displayed in Table 5. 
Fig. 3 shows the extent to which the mean frequency estimates for each 
minutia type at Time 1 and Time 2 were consistent or inconsistent.

A Multilevel Multiple Regression model was run with FRE and 
Minutia Type as Level 2 effects so that the variance explained by indi
vidual tendencies and by the different minutia types was controlled for 
in the model. The first model included lab accreditation status and 
casework status as main effects in addition to assessing the main effect of 
time on estimates of minutia frequency, which revealed a significant 
effect of time (B =.06, p <.001) and FRE casework status (B =.10, p 
=.007), but the lab accreditation status variable did not reach signifi
cance (B = − 0.07, p =.058). Finally, a model was run assessing potential 
interaction effects among these three variables. There was no three-way 
interaction detected between these variables (B = − .15, p =.393), so a 
reduced model was run with two two-way interactions (Time*Lab 

Accreditation Status and Time*FRE Casework Status) instead. There was 
a significant interaction effect between lab accreditation status and time 
on minutia frequency estimates (B = − 0.12, p =.001) but no significant 
interaction between FRE casework status and time (B =.10, p =.103). 
See Table 6 for a summary of these results.

Recent exposure to rare minutiae. We asked participants if they had 
encountered any of the five minutiae judged to be the rarest, on average, 
at Time 1. Table 8 breaks down the participants’ estimated base rates at 
Time 2 based on whether they reported seeing an example of these 
minutiae in the time since the first survey. Some are very rare, so few 
FREs reported seeing an example of one since the first survey (e.g., only 
11 people reported seeing a Trifurcation). However, others were more 
common, so few people reported that they did not recall seeing an 
example since the first survey (e.g., only 8 people reported that they did 
not encounter a Divergence since the Time 1 survey).

Due to the uneven sample sizes in the groups relevant to this com
parison, nonparametric inferential statistics (a Kruskal-Wallis nonpara
metric ANOVA) were calculated to determine whether FREs who 
observed one of five rare minutiae reported higher prevalence rates. 
There are several effects to note here that are summarized by the 
aggregate descriptive statistics in Table 7 and the breakdown by minutia 
type in Table 8. There was a significant difference in estimates between 
examiners who reported seeing rare minutiae and those who did not, 
even at Time 1 (M = 30.91 %), with those who reported seeing rare 
minutiae estimating higher frequencies across the board. However, we 
also observed even higher estimates of base rates for rare minutiae at 
Time 2 (M = 36.10 %) among FREs reported seeing those rare minutiae 
recently, whereas there was no significant different between Time 1 (M 
= 12.03 %) and 2 (M = 13.70 %) for those who did not; χ2(N = 98, 3) =
235.1, p<.001. Thus, as expected, we observed an effect associated with 
recent exposure to rare minutiae.

How often did FREs report using their perceptions of minutia 
frequency in their fingerprint examination decisions? At Time 1, 
FREs were asked about their use of minutia rarity in decisions about 
fingerprints. Most FREs reported that they overtly used their perceptions 
of minutia rarity when making “value/no value” decisions (84 %) and 
when performing comparisons (89 %). When asked how much they 
considered minutia frequency in general when evaluating fingerprints, 
most reported that they considered this information “often” (36 %) or 
“some” (34 %), with slightly fewer FREs selecting “always” (20 %), and 
very few FREs reporting “rarely” (8 %) or “not at all” (2 %).

7. Discussion

The current study provides consensus-based estimates of the base 
rates FREs associate with different minutia types, as well as information 
about when and to what extent FREs’ perceptions of minutia base rates 

Table 4 
Comparing the Standard Deviations of FREs’ Estimates Between Minutia Types 
at Time 1.

Minutia Type SDFrequency F 
value

p value 95 % CI – Ratio of 
Variances*

Ridge Ending 9.71 % Reference Group
Bifurcation 10.95 % 0.79 0.17 [0.56, 1.11]
Tuning Fork 25.52 % 0.14 <.001 [0.10, 0.20]
Short Ridge 24.25 % 0.16 <.001 [0.11, 0.23]
Dot 25.60 % 0.14 <.001 [0.10, 0.20]
Over/Under 22.27 % 0.19 <.001 [0.13, 0.27]
Enclosure 23.62 % 0.17 <.001 [0.12, 0.24]
Divergence 24.14 % 0.16 <.001 [0.11, 0.23]
Ridge Break 24.48 % 0.16 <.001 [0.11, 0.22]
Spur 22.12 % 0.19 <.001 [0.14, 0.27]
Crossover 17.35 % 0.31 <.001 [0.22, 0.44]
Bridge 17.63 % 0.30 <.001 [0.22, 0.43]
Double 
Bifurcation

20.02 % 0.24 <.001 [0.17, 0.33]

Trifurcation 10.22 % 0.90 0.557 [0.64, 1.27]

Note. N = 132. * The SDs are compared using a ratio. A SD that is significantly 
higher than the standard deviation associated with estimates of Ridge Ending 
prevalence (reference group and the smallest SD), the 95 % Confidence Interval 
will be below 1 and the p value below 0.05.

Table 5 
Summary of Descriptive Statistics for FRE Perceptions at Time 2.

Minutia Type Time 2 Frequency Estimates

MFrequency SDFrequency

Ridge Ending 97.38 % 7.51 %
Bifurcation 96.47 % 9.40 %
Tuning Fork 73.32 % 24.83 %
Short Ridge 66.02 % 25.46 %
Dot 59.77 % 25.74 %
Over/Under 52.59 %* 25.64 %
Enclosure 52.72 %* 24.78 %
Divergence 48.08 % 25.50 %
Ridge Break 44.48 % 27.28 %
Spur 42.95 % 23.26 %
Crossover 28.60 % 23.04 %
Bridge 24.38 %* 20.23 %
Double Bifurcation 21.17 %* 23.23 %
Trifurcation 8.92 % 14.64 %

Note. N = 99; FRE = Friction Ridge Examiner.
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vary. We observed some consensus between FREs regarding their per
ceptions of the rarity of minutiae, particularly when assessing minutia 
types that were extremely rare (e.g., Trifurcations) or common (e.g., 
Ridge Endings). Moreover, FREs exhibited more consistency in their 
estimates of relative minutia frequency (rankings) compared to absolute 
estimates (frequencies).

That said, as anticipated, we found notable variation in the perceived 
frequency reported by FREs for all minutia types, particularly in their 
estimates of minutia base rates for those friction ridge features that were 

Fig. 3. Difference in Perceived Frequency of Minutiae Among Friction Ridge Examiners at Time 1 and 2 (N = 99).

Table 6 
Summary of the Main Effects and Interaction Multilevel Multiple Regression 
Models Assessing the Effect of Time and FRE Characteristics on FREs Minutia 
Frequency Estimates.

Model Parameter Standardized 
Beta

p 
value

Cohen’s 
d

Main 
Effects

Time 0.06 <.001 0.24

Lab Accreditation Status − 0.07 0.058 − 0.39
LPE Casework Status 0.10 0.007 0.56

Interaction Time 0.04 0.415 0.04
Lab Accreditation Status 0.03 0.570 0.07
LPE Casework Status 0.05 0.289 0.13
Time*Lab Accreditation 
Status

− 0.12 0.001 − 0.12

Time*LPE Casework 
Status

0.10 0.103 0.06

Note. Participant/Minutia Type controlled for – included at Level 2 in the 
Multilevel Multiple Regression Analysis. Null/Intercept Model significant at 
p<.001. FRE = Friction Ridge Examiner.

Table 7 
Descriptive Statistics Associated with the Effect of Recent Exposure to Rare 
Minutiae and the Timing of the Survey on FREs’ Estimates of Rare Minutia 
Frequency.

Saw Rare Minutiae? Time M SD

Yes 1 30.91 % 23.89 %
2 36.10 % 25.34 %

No 1 12.03 % 15.90 %
2 13.70 % 18.17 %

Note. N = 98. FRE = Friction Ridge Examiner. Percentage values represent the 
average estimated frequency reported by FREs aggregated across the five rarest 
minutia types to examine the overall effect of exposure to rare minutiae between 
Time 1 and 2, factoring in FREs baseline estimates from Time 1.

Table 8 
Summary of the Estimated Frequencies Associated with FREs who Did and Did 
Not Encounter a Rare Minutia Between Time 1 and Time 2.

Rare Minutia Type Did the FRE report that 
they encountered an 
example of this minutia 
type since Time 1? (n)

What was the average 
estimated base rate for 
this feature among these 
FREs? (SD)

Divergence

Yes 
(n = 90)

49.41 % (25.88 %)

No 
(n = 8)

33.13 % (14.62 %)

Double Bifurcation

Yes 
(n = 39)

30.23 % (23.99 %)

No 
(n = 59)

15.18 % (20.82 %)

Crossover

Yes 
(n = 70)

32.89 % (23.17 %)

No 
(n = 28)

17.87 % (19.16 %)

Bridge

Yes 
(n = 64)

27.15 % (24.31 %)

No 
(n = 34)

19.15 % (19.98 %)

Trifurcation

Yes 
(n = 11)

20.55 % (24.31 %)

No 
(n = 87)

7.45 % (12.39 %)

Note. 98 is the total number of FREs here as one participant did not complete 
these questions. FRE = Friction Ridge Examiner.
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perceived as moderately common (e.g., Enclosures, Short Ridges). In 
other words, there was significantly less variation observed when FREs 
estimated how often they encountered the most common minutia types 
(Ridge Endings and Bifurcations) and the least common minutia type 
(Trifurcations). This is consistent with what is understood about how 
people estimate base rates in the absence of objective information—they 
draw on their personal experience, training, and practice, and what 
examples do and do not come to mind easily [3,24,25]. Thus, because 
each FRE based their estimate on different experiences, training, and 
pre-existing tendencies, their perceptions of the patterns in their case
work also differed.

In addition to variation between FREs, we also found evidence of 
changes in FREs’ perceptions of minutia frequency over time. In other 
words, when examining data from the same FRE one month later, we 
found that the estimated base rates reported by FREs at Time 2 were 
somewhat consistent with those from Time 1, particularly for those 
minutiae at the extremes. That is, Ridge Endings, Bifurcations, Double 
Bifurcations, and Trifurcations all received estimates of frequency that 
were almost identical across surveys (see overlapping points in Fig. 3). 
This suggests that FREs as a community have fairly stable perceptions of 
how rare these minutiae are, further supported by evidence that these 
minutiae were associated with the lowest standard deviations (between 
FREs) at Time 1. The other minutia types, though, differed in a consis
tent way—FREs thought that these minutia types were more common 
the second time they estimated the frequency with which they had seen 
them in fingerprints over the course of their career, resulting in a sig
nificant increase in the average estimated minutiae base rates at Time 2 
(a difference of approximately 5 %; see Table 6).

The increase in estimates at Time 2 was not driven by FREs with less 
experience or less time spent on casework—this effect was observed 
even when controlling for the variation attributable to each FRE or the 
minutia type. That said, we suspect that some of this variation was 
driven, at least in part, by FREs’ participation in our study. By partici
pating in the Time 1 study, the concept of minutia frequency would have 
been made more salient to FREs, so they might have attended to the 
frequency with which different minutiae occurred more closely between 
the Time 1 and Time 2 surveys. Rather than discounting our results, 
though, this explanation provides further evidence to support the idea 
that FREs’ perceptions of base rates are malleable.

In addition, when FREs reported encountering one of the five rarest 
minutiae since the first survey (Time 1), they reported even higher base 
rates for those minutia types on average, over and above the overall 
increase observed in estimates provided at Time 2—sometimes sub
stantially higher base rates. Although changes in perceptions tended to 
be quite small when comparing Time 1 and Time 2 overall, the differ
ences were much larger when focused on the rare minutiae that FREs 
reported seeing or not seeing since Time 1. Thus, even though the FREs 
were making decisions about features and events that they had been 
observing for years, their most recent experiences weighed heavily in 
their estimates about minutia frequency. We note, though, that such 
effects are typical when people are asked to provide subjective base rates 
[24], so these results suggest that FREs’ perceptions of base rates are not 
especially unique and may be affected by processes shown to affect most 
heuristic decision-making processes.

Finally, when we asked FREs how they use their subjective sense of 
minutia rarity, most examiners (i.e., 90 %) indicated that they used such 
information at least sometimes in their work, with 56 % indicating that 
they used such information “often” or “always”. These data shed light on 
potential sources of variation in FREs’ decisions and show that exam
iners used these variable perceived base rates to inform their Analyses 
and Comparisons. Given that the appearance, arrangement, and number 
of minutiae inform latent fingerprint examinations, fingerprint evidence 
is currently and regularly affected by FREs’ varied and malleable esti
mates of minutia frequency (refer to Table 1 for a summary of how 
minutia rarity impacts each stage of a typical latent fingerprint exami
nation). Thus, perceptions of minutiae frequency and the extent to 

which there is consensus among FREs about the correct base rate to use 
will matter, and establishing a set of data that can be used to standardize 
the weight assigned to different minutiae would be valuable.

It is important, however, that these findings are not interpreted as a 
critique of FREs’ skills or competence. In fact, one could argue that these 
data show that FREs’ perceptions are remarkably consistent in a lot of 
ways, especially considering the lack of empirical data on which to base 
opinions. Nevertheless, examiners are subject to normal cognitive lim
itations and rely on cognitive shortcuts just like everyone else. Forming a 
subjective sense of how often relevant events or features occur and using 
that to inform decisions is a completely normal decision-making process 
that people engage in automatically [16]. Problems arise when there are 
no empirical data to understand the nature of these cognitive heuristics 
in a particular context, and no laboratory procedures to limit discrepant 
practices across examiners. Though subjective base rates are very 
helpful for making efficient decisions in most everyday contexts, they 
should not form the basis of decisions that are advertised as objective or 
where the consequences of error are serious [25].

These data represent the first comprehensive analysis of the variation 
in FREs’ perceptions of minutia frequency and suggest that something 
should be done to reduce the variability in these perceptions among 
FREs. One way to prevent FREs from relying on inconsistent, subjective 
estimates of minutiae frequency in their work would be to ask that FREs 
ignore the rarity of minutiae in their analyses and comparisons. For 
example, many laboratories in Europe provide a fixed threshold for 
examiners to use when examining fingerprints—a fixed number of 
minutiae of any type that must be observed prior to determining that a 
latent fingerprint is suitable for analysis or from the same source as 
another fingerprint impression. This reduces the variability in decisions, 
but fails to capitalize on observable, valuable information. Accurate 
knowledge of minutia base rates could help FREs be more precise about 
the probative value associated with the evidence they are examining and 
make decisions about fingerprint comparisons that are supported by 
quantitative data. Thus, we do not recommend that FREs or their 
respective laboratories move to a “quantity-only” approach to exam
ining minutiae because empirical research documenting base rates of 
minutiae has the potential to increase both the accuracy, reliability, and 
utility of FRE decisions.

Although empirically-supported base rate estimates for every 
minutia type are not yet available, there are two ways that the current 
findings can help improve reproducibility and repeatability in FRE de
cisions by reducing variation in how examiners account for their per
ceptions of minutia base rates. First, consensus-based lists of estimated 
minutia base rates could be used by FREs during training, and when 
conducting analyses and comparisons. Although such lists would not 
represent objective base rates derived from an actual count of minutiae 
from a large number of fingerprints, current findings employ the 
knowledge of more than 100 experienced FREs. If FREs used these 
consensus-based values when examining fingerprints rather than their 
subjective sense of minutia rarity, the use of minutia base rates in 
casework would be more consistent even if they are not totally aligned 
with the actual base rates of these minutiae. These average estimates 
could be incorporated into FRE training, textbooks, software, or 
continuing education efforts.

We also note, though, that the absolute estimates of minutia fre
quency varied more so than relative estimates (i.e., rank data) and 
therefore might not be the most effective to use in practice. In addition, 
the Time 2 data suggested that merely alerting FREs to the concept of 
minutia rarity might have inflated their base rate estimates. Another 
way to use the current data would be to use a “relative frequency” 
approach. In Table 9, we provide simple categories to guide the use of 
the consensus information in casework. Minutia types are categorized as 
very common (estimated to appear in 90 % to 100 % of fingerprints), 
somewhat common (50 % to 70 %), somewhat rare (30 to 50 %), rare 
(10 % to 30 %), and very rare (estimated to appear in less than 10 % of 
fingerprints) based on the ranking and frequency data obtained in the 
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current study. We note that there are no minutiae categorized as 
“common” as there were no minutiae with average frequency estimates 
in the 70 to 90 % range.

Again, using the categories in Table 9 would improve consistency 
between FREs even though these categories are not based on actual base 
rates obtained from counts of minutia types. Because the consensus- 
based estimates are more varied than the data based on relative judg
ments, the use of ranked categories like this might be easier to imple
ment than a quantitative base rate value, especially given that the 
estimated values may end up being very different from the true base 
rates for each minutia type and, thus, imply a level of precision that is 
not accurate. Regardless of whether the consensus-based frequency es
timates or these evidence-based minutia frequency categories are used, 
these data will help encourage repeatable, reproducible, data-driven 
decisions about latent print comparisons by standardizing FREs’ 
approach to using minutia frequency in their decisions.

Of course, as already mentioned, it would be better if FREs could be 
given access to actual base rates for common minutia types specific to 
their jurisdiction of practice. FREs reported using their perceptions of 
minutia rarity often, but there was variation observed in their estima
tes—both within and between FRE. This highlights the importance of 
efforts to determine the actual base rates associated with different 
minutia types. Consider a situation where a particular minutia type is 
perceived to be very rare. That feature will be assigned more weight by 
FREs than other minutia believed to be more common and, as a result, 
FREs might change their “suitable for analysis” criteria (the Analysis 
phases of ACE-V) or their criteria concerning the number of corre
sponding minutiae that should be present before making a same-source 
decision (Comparison and Evaluation phases of ACE-V). In other words, 
the perception that an observed minutia is rare might result in FREs 
requiring fewer useable minutiae to decide a latent print is “suitable for 
analysis” or fewer corresponding minutiae if one of those corresponding 
minutiae is believed to be rare. We know that the number of minutiae 
required for a same-source decision is subjective and varies between 
FREs [29]. Introducing actual base rates for common minutia types into 
FRE training and casework would help standardize the weight assigned 
to each pair of minutiae that correspond and reduce the variability in 
decision criteria [23]. Hence, currently underway is the next step in our 
planned research program—developing easy-to-use standardized pro
tocols for determining actual base rates and obtaining counts of minutia 
types from a large sample of friction ridge impressions.

The current research represents a step forward in our understanding 
of FRE decision-making and judgments. With these data, we can better 
understand the sources of variation in FREs’ decisions and attempt to 
minimize unwanted sources of variation. As is the case for any one piece 
of research, though, there are several limitations for the current work. 
We only asked FREs to estimate the frequency with which they 
encounter 14 minutia types because we only wanted to ask FREs to opine 
about minutiae that they were likely to have considered before and 
already viewed as a distinct sub-category of friction ridge events. So, 
although our data might not shed light on all possible compound 
minutiae, we can be more certain that our data represent experience- 
based estimates, not guesses. Second, we did not want the study to 

take too long or feel too arduous. It was important to us that we maintain 
the interest and support of our FRE participants so that they would be 
willing to complete the Time 2 survey and future studies. Another lim
itation is our reliance on self-reporting—we did not validate that FREs 
who reported seeing rare minutiae actually saw rare minutiae in the 
month between surveys. So, we do not know if any differences associ
ated with those self-reports can be attributed to FREs’ recent experiences 
with rare minutiae.

Another consideration is that our sample size was fairly small 
compared to the total number of FREs currently working. That said, our 
sample appears to be representative of the wide range of laboratories, 
training backgrounds, jurisdictions, and experience levels seen in North 
America and our numbers are in line with the numbers of FRE partici
pants that have been garnered in other recent latent print studies [17, 
26]. In addition, the demographic makeup of our sample tends to align 
with what is seen when surveying FREs who are associated with the 
International Association of Identification (IAI) suggesting our sample is 
generally representative of the FRE population in North America (e.g., 
[8]). There was also some attrition associated with collecting data at two 
time points. This was minimized as much as possible, but there was still 
25 % attrition observed at Time 2. That said, the groups of participants 
at each time point did not differ in any significant way.

This study provides consensus-based data regarding the prevalence 
of particular friction ridge events and the extent to which FREs’ per
ceptions of minutiae base rates vary between FREs and over time. We 
show that, although there is some agreement about the prevalence of 
minutia types—particularly when those minutiae are very rare or very 
common, or when examining rank data—different FREs examining the 
same friction ridge impression might assign different weights to minu
tiae observed during the Analysis and Comparison phases of fingerprint 
examination. FREs’ judgments about minutia frequency are also 
dynamic—we observed changes in their perceptions of minutia base 
rates after only a short period of time. These data can be used to increase 
consistency in fingerprint examination within and between FREs by 
providing examiners with a consensus-based information to use when 
evaluating the value of a latent fingerprint or the similarity between two 
fingerprints rather than leaving them to rely on their own subjective 
perception and experience.
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Table 9 
Minutia Types Categorized by Perceived Frequency and Rank Order.

General Perceived 
Frequency

Approx. Estimated 
Frequency Range

Minutia Types

Very common 90 % - 100 % Ridge Ending, Bifurcation
Common 70 % - 90 % None
Somewhat common 50 % - 70 % Tuning Fork, Short Ridge, Dot
Somewhat rare 30 % - 50 % Over/Under, Enclosure, 

Divergence, Break, Spur
Rare 10 % - 30 % Crossover, Double Bifurcation, 

Bridge
Very rare 0 % - 10 % Trifurcation
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