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O ver the last decade, the forensic science commu-
nity has come under fire for the lack of research 
demonstrating the validity of conclusions within 

forensic pattern evidence domains such as fingerprints, fire-
arms, handwriting, and other feature-based comparisons [1], 
[2]. In 2009, the National Research Council (NRC) first high-
lighted this issue, stating 

[t]he simple reality is that the interpretation of forensic evi-
dence is not always based on scientific studies to determine its 
validity. This is a serious problem. Although research has been 
done in some disciplines, there is a notable dearth of peer re-
viewed, published studies establishing the scientific bases and 
validity of many forensic methods [1]. 

Further, in 2016, the President’s Council of Advisors on Sci-
ence and Technology (PCAST) echoed similar concerns during 
their review of several pattern evidence disciplines [2]. As a 
result, the forensic science community has encouraged that 
several research efforts be undertaken to establish and further 
build upon the foundational validity of several forensic disci-
plines [3]–[12]. Although the forensic science community has 
made a general call for research, there is little guidance for ex-
actly what the issue is and how the metrology community may 
contribute. This article is separated into two sections. The 
first section provides an introduction to forensic science and a 
general overview of the current examination methodology 
followed by many forensic pattern evidence domains. The 
second section highlights specific research gaps where the fo-
rensic sciences could benefit by the application of metrological 
principles as well as notable ways in which the metrology com-
munity may contribute.

Forensic Science
The National Commission on Forensic Science (NCFS) has 
defined forensic science as “the application of scientific or 

technical practices to the recognition, collection, analysis, and 
interpretation of evidence for criminal and civil law or regula-
tory issues” [13]. It is a broad field that covers several different 
disciplines – each with its own methods and practices – with 
the intended purpose of providing information, which may 
advance a particular investigation or establish a fact in ques-
tion to support criminal or civil litigation. Although there are 
several different disciplines, many of the pattern evidence 
disciplines, such as fingerprints, firearms, tool marks and 
handwriting, share similarities in their examination methods 
and conclusions.

Generally speaking, the pattern evidence domains follow 
a visual comparative methodology, which some refer to as 
“ACE-V,” an acronym for “Analysis,” “Comparison,” “Eval-
uation,” and “Verification” [1], although every discipline may 
not necessarily subscribe to this moniker. While subtle dis-
tinctions may occur between the disciplines, the following 
description of ACE-V is provided from the fingerprint disci-
pline. During the Analysis phase, the analyst visually inspects 
the questioned sample to detect certain features. The abil-
ity for the examiner to detect such features depends heavily 
on the clarity of the evidence sample. Once the features have 
been detected, the analyst will assess the overall quality of 
the evidence and make an experience-based evaluation of the 
suitability for further comparison and evaluation. Generally 
speaking, factors which affect the quality include: clarity of 
features, quantity of features, and perceived rarity of features 
[1], [14]. Fig. 1 illustrates three friction ridge impressions that 
have varying levels of quality. For impression evidence, factors 
such as fingerprints, footwear, and tire tracks, which indicate 
the specific region of a standard of where the impression origi-
nated, such as the core or delta region of a fingerprint, toe, heel, 
or midsole region of a footwear impression, etc., are also taken 
into consideration. For handwriting, firearms, and toolmark 
evidence, this becomes less important since the area under 
consideration may be less ambiguous.
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Once the overall quality has been assessed, it is compared 
against some criteria to determine its suitability for further com-
parison. Criteria for suitability generally center on whether the 
examiner believes the quality of the impression is sufficient to 
compare to a known source and render a particular conclu-
sion regarding the potential source of the evidence [1], [14]. 
Although the types of conclusions generally fall within the 
extreme bins of source identification and source exclusion, some 
laboratories may allow a range of conclusion bins to express 
the increasing (or decreasing) strength of the association [15]. 
With this in mind, suitability criteria are largely tied to the cri-
teria necessary to substantiate a specific conclusion. Currently, 
the quality of the evidence sample and the corresponding stan-
dard for suitable comparison are both subjectively assessed by 
the individual analyst on a case by case basis. Although each 
discipline may vary in its specific description of suitable when 
considering the suitability to substantiate a conclusion of iden-
tification, the Scientific Working Group for Friction Ridge 
Analysis, Study, and Technology (SWGFAST) articulates its 
criteria for individualization (i.e., identification) as

… the decision that the likelihood that the impression was 
made by another (different) source is so remote that it is con-
sidered as a practical impossibility [14].

Similarly, the Association of Firearms and Toolmark Ex-
aminers (AFTE) articulates its criteria as sufficient agreement 
between the evidence sample and known source, such that

the likelihood another tool could have made the mark is so re-
mote as to be considered a practical impossibility [16].

Once the analyst detects the features, assesses the overall 
quality of the evidence sample against criteria for suitability, 
and determines the evidence sample to be suitable, he or she 
will proceed to the comparison phase. In the comparison phase, 
the analyst will visually compare the features detected in the 
evidence sample against those available in the standard to de-
termine if the features are in agreement with one another. Or in 
other words, whether the features satisfy predefined criteria 

to be considered a match 
and therefore, included 
as a possible source. Be-
cause there are known 
factors, which may impact 
the appearance, of fea-
tures, criteria for sufficient 
agreement or match may 
allow for differences in ap-
pearance, depending on 
various conditions of the 
evidence sample. These 
criteria are determined by 
the examiner based upon 
his or her experience. 
According to the AFTE, 

sufficient agreement is defined as that which “exceeds the 
best agreement demonstrated between toolmarks known to 
have been produced by different tools and is consistent with 
agreement demonstrated by toolmarks known to have been 
produced by the same tool” [16]. Once the examiner has com-
pared each feature detected in the evidence sample against 
the features present in the standard, he or she will then evalu-
ate the strength of the correspondence, or in other words, the 
likelihood the evidence sample and standard originated from 
a common source, and then render a conclusion of:

 ◗ identification – the evidence sample and the standard both 
originated from the same source,

 ◗ exclusion – the evidence sample and the standard origi-
nated from different sources, or

 ◗ inconclusive – there was insufficient agreement or 
disagreement to conclude whether the evidence sample 
and standard did or did not originate from the same 
source [14].

After a conclusion is reached, the analyst will provide the 
evidence sample and standard to another competent examiner 
to repeat the ACE method. If both examiners reach the same 
conclusion, then the findings are reported accordingly [14]. 
However, if the examiners reach different conclusions, the lab-
oratory will make an administrative decision on how to report 
the conclusion.

Existing Research Gaps
Although the general description of the examination meth-
odology followed by many pattern evidence disciplines 
described is based largely on visual comparison and recogni-
tion of similarity, the fundamental concepts are measurement 
based and should be completed in accordance with the stan-
dards of metrology. From a strict metrological standpoint, 
there are several areas of the examination methodology that 
could be improved: although the similar process is applied 
(ACE-V, visual comparison), there is wide latitude in how it is 
applied; there are no standard instruments (other than human 
visual-cognitive system) to measure feature attributes; there is 
no traceability to empirical data, from a metrology standpoint, 
to substantiate certain conclusions; and the human examiner 

Fig. 1. Example fingerprint images that illustrate the various types of quality observed in typical casework. (a) An image 
classified as “good.” (b) An image classified as “bad.” (c) An image classified as “ugly.”
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plays the role of several different types of measurement in-
struments, albeit actual measurements are not taken, as well 
as establishes the criteria by which measured results are com-
pared to determine significance. This creates several concerns 
from a metrology perspective. Within this context, the over-
arching concern is that there is no traceability or empirical 
means of calibrating the human system to provide a specified 
level of confidence in the final result. This is likely always to 
be an issue where humans, who are by their very nature non-
standardized from a strict metrological standpoint, play the 
role of the measuring instrument. The issue is further compli-
cated when the human also serves as the one who determines 
whether the measurements are significant without empirical 
validation. While the lack of these standards does not neces-
sarily suggest the practice is unreliable, it does raise questions 
as to how reliable the practice actually is; thus, there is an im-
portant need for the forensic science community to move 
towards integrating metrological principles and concepts into 
their examination methodology. While this may be accom-
plished in several ways, there are a few key priority areas on 
which the community should focus:

 ◗ Characterization of the measurable attributes of relevant 
features in the various pattern evidence domains.

 ◗ Development of instrument(s) capable of measuring the attri-
butes of those features.

 ◗ Evaluation of the performance of the instrument(s) in terms 
of accuracy, reliability, and precision.

 ◗ Characterization of the distribution of measured attri-
butes against samples known to have originated from the 
same source, i.e., mated source fingerprints, bullets known 
to have been fired by the same gun, and writing samples 
known to have been written by the same individual. 

 ◗ As well as characterizations of samples known to have 
originated from different sources, i.e., non-mated finger-
prints, bullets fired from different guns, writing samples 
made by different individuals, etc.

By focusing on these key topics, the forensic pattern evi-
dence disciplines could achieve notable improvements over 
current practices. It is important to note that the forensic 
sciences have not been entirely rogue with respect to its meth-
odology. The greatest challenge facing the forensic sciences is 
not necessarily the theoretical concepts but establishing the 
foundational validity of the methods using ground truth data-
sets with sample quality representative to that observed in routine 
casework. For example, it is not sufficient that a study dem-
onstrate the empirical accuracy, reliability, and precision of a 
method to discriminate between high quality, full reproduc-
tions of friction ridge skin impressions (i.e., tenprints) when 
partial and degraded samples are evaluated in casework.

The foundational validity of a method is limited to the quality 
of samples evaluated and cannot necessarily be generalized to 
all datasets, regardless of quality [2].

This is the crux of the issue for the pattern evidence dis-
ciplines. The foundational validity has been recognized for 

high quality, laboratory-controlled sample sets, but due to 
the complexity of variables, operational costs, and lack of a 
standardized instrument to characterize the quality of sam-
ples routinely examined in casework operations, the forensic 
science community has critical research gaps that need to be 
filled. The forensic science community [3], [12] recognized 
this; however, the forensic science community is not neces-
sarily best positioned to address these issues [2]. Aside from 
extraordinary backlogs and significant funding constraints, 
these issues are most appropriately addressed by indepen-
dent research entities with specialized knowledge in science, 
metrology, and statistics. To this end, the forensic science 
community is in a state of despondency and is reliant on re-
searchers and metrologists, most of whom are unaware of 
these issues, to invest time and resources to contribute to solv-
ing this extremely important problem – a problem that has 
practical consequences that impact life and liberty within the 
criminal justice system.

Although the forensic science community is in desperate 
need of assistance by the research and metrology commu-
nity, there are funding limitations to support such endeavors. 
Historically, funding has been a major obstacle that has con-
tributed to the issues facing the forensic science community 
today. The NRC recognized this in 2009 [1] and the PCAST as 
well in 2016 [2]. In particular, the PCAST has commented,

Unlike most scientific disciplines, there has been too little 
funding to attract and sustain a substantial cadre of excel-
lent scientists focused on fundamental research in forensic 
science [2].

Since 2009, however, the PCAST has recognized that the 
Federal government has taken initial steps to address this 
issue: the National Science Foundation (NSF) has begun 
encouraging researchers to submit proposals that address fun-
damental questions to advance knowledge and education in 
the forensic sciences [17]; the Office of Science and Technology 
Policy (OSTP) and NSF, in collaboration with the National In-
stitute of Justice (NIJ), has invited proposals for the creation 
of new, multi-disciplinary industry/university cooperative 
research centers for funding [18]; and NIJ has encouraged 
proposals to address fundamental research issues facing the 
forensic sciences [19]. Although funding is still significantly 
limited compared to the broader funding opportunities within 
the scientific community, there are resources available for me-
trologists to consider and real, practical solutions that the 
community may contribute.

Conclusion
The forensic science community is in a state where it is in 
desperate need of support by the metrology community. Al-
though the forensic sciences are often portrayed as absolute, 
well researched, and well accepted within the general scien-
tific community, this Hollywood ideal has masked several 
critical issues facing forensic sciences today. Only recently 
has this façade been removed and the true state of affairs 
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been recognized. Although there are several reasons which 
have contributed to this situation, one of the most significant 
is the lack of funding and attention by the general scien-
tific community for decades on end. Only recently have the 
forensic sciences begun to receive the attention that they de-
serve. Now, the forensic science community awaits, at the 
mercy of government funding sources and the research and 
metrology community, to partner in an effort to bolster the 
research supporting the underlying foundation of many 
common forensic science disciplines. Consider this a call for 
help.
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