Latent print quality in blind proficiency testing: Using quality metrics to
examine laboratory performance
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Calls for blind proficiency testing in forensic science disciplines intensified following the 2009 National
Academy of Sciences report and were echoed in the 2016 report by the President’s Council of Advisors on
Science and Technology. Both practitioners and scholars have noted that “open” proficiency tests, in which
analysts know they are being tested, allow for test-taking behavior that is not representative of behavior in
routine casework. This study reports the outcomes of one laboratory’s blind quality control (BQC) program.
Specifically, we describe results from approximately 2.5 years of blind cases in the latent print section
(N = 376 latent prints submitted as part of 144 cases). We also used a widely available quality metrics
software (LQMetrics) to explore relationships between objective print quality and case outcomes. Results
revealed that nearly all BQC prints (92.0%) were of sufficient quality to enter into AFIS. When prints had a
source present in AFIS, 41.7% of print searches resulted in a candidate list containing the true source.
Examiners committed no false positive errors but other types of errors were more common. Average print
quality was in the midpoint of the range (53.4 on a 0-to-100 scale), though prints were evenly distributed
across the Good, Bad, and Ugly categories. Quality metrics were significantly associated with sufficiency
determinations, examiner conclusions, and examiner accuracy. Implications for blind testing and the use of
quality metrics in routine casework as well as proficiency testing are discussed.
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1. Introduction
The National Academy of Sciences (NAS) released a con
gressionally mandated, and highly influential report, in 2009, which
described multiple problems with current forensic science practice
and resulted in widespread attention and calls for reform (e.g., [20]).
One concern highlighted in the NAS report was the current state of
proficiency testing in many disciplines. To receive accreditation,
crime laboratories typically must administer proficiency testing to
analysts as part of a quality assurance program. Proficiency testing
serves an important role due to its ability to identify weaknesses in
laboratory procedures, monitor performance, and confirm adequate
competencies among individual analysts and across laboratories.
However, as emphasized in the 2009 NAS report, “A particular need
exists for routine, mandatory proficiency testing that emulates a
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realistic, representative cross-section of casework” (p. 25). There are
several methods of administering proficiency tests, with a primary
distinction between open proficiency tests—in which analysts are
aware they are being tested—and blind proficiency tests—in which
analysts are unaware they are being tested. The authors of the NAS
report noted that proficiency testing in some disciplines “is not
sufficiently rigorous” (p. 206), and the American Society of Crime
Laboratory Directors/Laboratory Accreditation Board (ASCLD/LAB)
has recommended that laboratories complete blind proficiency
testing as a more precise means of assessing analyst proficiency (as
cited in [18]).
In the years that followed the NAS report, other scholars have
reiterated similar concerns about open proficiency testing and called
for widespread implementation of blind testing (e.g., [1,13,14,20,23]).
Critiques generally assert that open proficiency tests do not gen
eralize to real-world casework because analysts’ test-taking beha
vior is not representative of routine casework and because the tests
are simply too easy. Indeed, an early study found that analysts be
have differently during proficiency testing than during routine
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analyses involving casework ([3]; see also [7]), and numerous
scholars have noted the lack of difficulty in proficiency tests (e.g.,
[2,13,14,15,16,17]).

do examiners believe open proficiency testing is relatively easy, but
the prints contained in such tests are generally of high quality [7,11].
Very few prints received quality scores suggesting poor quality. Al
though participants reported a perception that prints on the test
generally reflected the demands of casework [7], using quality me
trics, Koertner and Swofford [15] found that prints contained in open
proficiency tests are not particularly representative of actual case
work, with open proficiency tests containing prints of higher quality
and lower complexity.

1.1. Blind proficiency testing in practice
In 2015, the Houston Forensic Science Center adopted the re
commendations made by numerous organizations (e.g., ASCLD/LAB,
American Statistical Association) and detailed in the 2009 NAS re
port for blind proficiency testing by implementing a blind quality
control (BQC) program [9]. The intent of the BQC program is to
supplement open proficiency tests that are required for accreditation
and to provide a way to monitor the entire quality management
system from evidence submission to reporting of results. The pro
gram was implemented in the Latent Print section in November
2017, and Quality Division personnel routinely track case outcomes
and print quality associated with all blind cases.
The BQC program is facilitated and maintained by HFSC’s Quality
Division, which is organizationally separate from the laboratory
sections; thus, BQC cases are prepared and introduced into the
workflow by personnel without any connection to the actual testing.
The BQC cases are created to mimic real casework with the intent
that the analysts will be completely unaware that the cases are not
authentic and the cases will therefore receive no special treatment
by the analysts. The target submission rate is 5% of the average
number of cases completed per month during the previous year.
Thus, the 5% submission goal for the Latent Print section was 10 BQC
cases per month during 2018, and 9 cases per month during 2019
administered across the entire latent print unit.

1.3. Current study
Research has begun examining open proficiency testing and, to a
lesser extent, actual casework in latent print units [6,25]. But re
search has yet to examine results from blind proficiency programs
due to the recency of their implementation. Despite strong intuitive
and theoretical rationale for the argument that blind proficiency
testing may better represent actual casework (and perhaps result in
more accurate error rate estimates), there is no empirical data ex
amining such programs. In this study, we sought to:
(1) Describe preliminary results from a blind proficiency testing
program within a latent print unit of a crime laboratory.
(2) Examine the quality of prints submitted as part of the program
via commonly used and widely available quality metrics
software.
(3) Examine the potential association between latent print quality
and resulting sufficiency determinations and conclusions.

1.2. Print quality metrics
2. Method
In recent years, researchers have developed multiple quality
metrics with the goal of objectively evaluating the quality and/or
clarity of latent prints (for a brief review, see [22]). All quality me
trics utilize algorithms that incorporate different aspects of prints to
calculate a score (e.g., the number of features, ridge contrast, blur
versus print clarity) and generally can be categorized as either a
global or feature-specific metric. Global metrics such as the Latent
Quality Metrics (LQMetrics) software within the FBI’s Universal La
tent Workstation (ULW) [8,24] and the Defense Fingerprint Image
Quality Index (DFIQI) software [22] provide overall scores for the
quality and clarity of an entire latent print. Feature- or minutiaespecific metrics provide individual scores for certain aspects of each
print. For example, a quality metric developed by Peskin et al. [19]
assesses the gradient of contrast intensity around a particular fea
ture, and the smudge noise quality estimator metric (SNoQE) [21]
assesses the relative noise (i.e., smudge vs. dryness) associated with
print features. Kellman et al. [12] also developed several quantitative
measures of prints (e.g., total area, block contrast) related to print
quality.
As a whole, quality metrics are particularly needed in latent print
comparison because the discipline relies heavily on human visual
processing, perception, and judgment. Without print quality metrics,
there are no objective methods to assess the representativeness of
proficiency tests because assessment of print difficulty is dependent
on subjective judgment. Quality metrics provide not only a quanti
tative metric of fingerprint quality, but a deterministic and objective
score that is not dependent upon a single examiner. Despite the large
number of anecdotal claims that proficiency tests are much easier
than actual casework (e.g., [2,13,14,16,17]), there was no empirical
support for these assertions until recently.
Scholars have used such metrics to evaluate open proficiency
tests [7,11] and routine casework [15] in recent years. Two recent
studies used global quality metric scores to evaluate Collaborative
Testing Services (CTS) proficiency tests and discovered that, not only

In the winter of 2017, HFSC implemented a blind quality control
program in latent print comparison. Since its implementation, the
Quality Division within the laboratory has developed and inserted
290 blind cases/requests for analysis into the latent print compar
ison unit as of August 4, 2020. Twenty cases were submitted first to
latent print processing (i.e., cases in which the print was placed on a
surface and first needed to be developed and photographed) and
then proceeded through the laboratory’s standard workflow to latent
print comparison, and 270 cases were submitted as lift cards directly
to the latent print comparison unit.
Of the 290 blind cases inserted into casework, we were able to
obtain print images for 144 cases, with report dates spanning ap
proximately two years (i.e., January 9, 2018 to January 8, 2020).2 All
print images were scanned by practicing latent print examiners as
part of routine casework. Some images contained non-minutiae
photo-editing performed by the examiner. However, we were unable
to identify which images had been edited for every print.
In total, examiners reviewed 376 latent prints submitted as part
of the 144 blind cases/requests for analysis. Most blind cases in
volved only one latent print; however, some cases involved as many
as 13 latent prints. The median number of prints in blind cases was 2
(SD = 2.41). The majority of latent prints were fingerprints (94.3%;
n = 350) or palm prints (4.9%; n = 18). Very few were joint im
pressions or unspecified impressions (0.8%; n = 3).3

2
Per the sectional standard operating procedure, examiners are only required to
maintain images of prints that were annotated electronically; thus, prints that were
not examined (e.g., prints that were deemed to be of no value for comparison pur
poses) are not routinely retained.
3
The remaining 5 of 376 prints were not attributed to an anatomical source be
cause examiners determined them to be of no comparative value and did not consider
them to be latent prints.
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2.1. HFSC laboratory procedures

date, and the offense type is informed by common offenses in actual
casework (e.g., burglary, theft).
HFSC was granted permission by the Harris County Sheriff’s
Office to enter five sets of record prints containing fictitious in
dividual information into the local AFIS. HFSC staff volunteers con
tribute their prints and the donors are provided an alias in AFIS.
Though some BQC cases have an associated alias, others do not (i.e.,
they are submitted by donors without an alias in the local AFIS). The
majority of the evidence received by the Latent Print Comparison
section is in the form of latent lift cards submitted by HPD officers,
and therefore the BQC program uses identical latent lift cards.
Moreover, the latent lift cards are packaged in a manner that mimics
HPD packaging and, with the aid of HFSC’s evidence technicians, is
submitted into the workflow in the same way as real evidence.
Examiners’ performances on BQC cases are deemed satisfactory
or not. For cases with an alias, examiners’ performance is dependent
on multiple factors, including limitations of the AFIS algorithm and
the quality of the latent print. If determined to be of sufficient
quality, the latent print is searched in the local AFIS. If the search
results in a PAA and no confirmation is requested, the analysis is
deemed satisfactory if the PAA identifies the correct alias. Cases that
result in a PAA can be requested for full confirmation. Full con
firmations are deemed satisfactory if an identification is reported to
the correct alias. If a print searched in AFIS does not result in a hit,
then the candidate list generated by AFIS is reviewed to determine
whether the appropriate alias was on the list. If the alias was not on
the list, then the analysis is deemed satisfactory. Submissions with
no alias in AFIS are deemed satisfactory if the analyst concludes that
there was no AFIS association.

Standard operating procedures within HFSC are likely unique
from many laboratories—specifically the use of Preliminary AFIS
Associations, described below—though the initial workflow is likely
more common. Upon request for comparison, examiners first make a
determination about the print’s suitability for comparison and suf
ficiency to be searched in an automated fingerprint identification
system (AFIS). At this stage, examiners may conclude that a print: (1)
has no comparative value (and further analysis is therefore pre
cluded), (2) has comparative value, but is of insufficient quality to be
searched in AFIS, or (3) has comparative value, and is of sufficient
quality to be entered into AFIS.
If a latent print is searched in AFIS, examiners subsequently make
one of three conclusions depending on the AFIS candidate list out
come4 and further examination. Examiners may conclude that there
is No Association, meaning the latent print does not appear to cor
respond to any print on the AFIS candidate list. Conversely, ex
aminers may, based upon corresponding characteristics between the
latent print and the candidate image, conclude that the latent print
may have originated from the same source as a candidate image.
This conclusion is referred to as a Preliminary AFIS Association (PAA)
and is provided to the requesting agency. If desired, the requesting
agency may request a confirmatory comparison of a PAA conclusion,
and the latent print is fully examined for agreement or disagreement
of features before an “official identification” is declared. To the au
thors’ knowledge, the use of PAAs as investigative leads is un
common and was implemented to increase examiner efficiency (i.e.,
examiners only confirm preliminary identifications when requested
to do so, thereby reducing workload in some cases). HFSC empha
sizes that PAAs are not identifications and simply represent in
vestigative leads; official identifications never result from PAAs
alone. At the same time, confirmatory comparisons of PAAs have
consistently resulted in official identifications with only one excep
tion. During the data collection period for the current study, 336 PAA
conclusions were confirmed (as part of routine casework and the
BQC program), with all resulting in official identifications. Finally,
examiners may conclude that an AFIS search resulted in a Reverse
Hit. When an AFIS search does not result in a PAA, the print may be
registered to the unsolved latent file (ULF). Both the local AFIS,
IDEMIA (formerly MorphoTrak), and federal AFIS, Next Generation
Identification (NGI), can register latent impressions to their re
spective ULFs. The latent prints registered to the ULF are con
tinuously searched against new record prints. In sum, examiners
may indicate potential identifications by concluding Preliminary AFIS
Association or Reverse Hit, or may indicate that no potential identi
fication exists by concluding No Association.

2.3. Latent Quality Metrics (LQMetrics) software
Latent Quality Metrics (LQMetrics) is a global metric that is
among the more widely used quality metrics available. Because of its
increasing use in practice and empirical research (e.g., [7,11]), we
employed LQMetrics in the current study.
To objectively evaluate the quality of each latent print, we en
tered all obtained images into FBI’s Universal Latent Workstation
(ULW) LQMetrics software ([8,24]; see [10] for additional informa
tion about its development). LQMetrics is a software tool for latent
print examiners that outputs four broad metrics relating to print
quality. The four quality metric scores range from 0 to 100, with
higher scores indicating higher quality. The overall latent Quality
score represents the predicted probability that an “image-only
search” would return a candidate list containing the correct mate,
assuming the mate is of sufficient quality and the images sufficiently
overlap. As an example, a Quality score of 65 is interpreted as a 65%
chance that a search returns the correct mate. Compared against
qualitative assessments of quality, prints assessed to be of “good”
quality corresponded to latent quality scores of 65–90, “bad” to
scores of 45–65, and “ugly” to scores of 20–45 [24]. The Value for
Individualization (VID) score represents the probability that an ex
aminer would determine a print to be of sufficient quality for in
dividualization, and the Value for Comparison (VCMP) score
represents the probability that an examiner would determine a print
to be of sufficient quality for either individualization or exclusion.
Finally, the overall Clarity score does not represent a probability, but
indicates the level and quantity of friction ridge detail, with larger
scores indicating greater level and/or quantity of detail.

2.2. Blind quality control (BQC) program procedures
A detailed description of HFSC’s BQC program for latent print
comparison is provided by Hundl and colleagues [9]. In brief, the
Houston Police Department (HPD) is the primary agency that sub
mits requests to HFSC, so BQC cases are created to mimic HPD
submissions in the submission process, packaging, and request
wording. Before submitting BQC samples, a worksheet with relevant
case information (e.g., subject name, offense type, date) is generated.
No aspects of the cases include authentic case information, but
Quality Division personnel inform their cases through data con
tained in real-world cases. For example, the offense date and time
are created to be within a reasonable proximity to the submission

3. Results
3.1. Sufficiency determinations

4

The local, county-wide AFIS used by HFSC generates a list of 10 candidates. The
state-level and federal AFIS algorithms output a list of 5 candidates, with examiners
reporting that they rarely examine candidates not identified in the AFIS lists.

Of the 376 latent prints submitted as part of 144 blind cases,
92.0% (n = 346) were determined to be of sufficient quality to enter
3
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Table 1
Latent Quality Metrics and examiner sufficiency determinations of submitted prints.
Latent Quality Metrics
Sufficiency determinations

Quality

Clarity

VID

AFIS Quality (n = 343–345)
Insufficient AFIS Quality (n = 23)
No Comparative Value (n = 6)
Total (n = 372–374)

55.0 (9–99)
40.9 (11–80)
15.0 (9–30)
53.4 (9–99) SD = 20.8

35.0 (11–87)
28.2 (11–50)
18.5 (12–29)
34.3 (11–87) SD = 12.5

89.7
80.4
62.7
88.6

VCMP
(53–100)
(59–99)
(58–79)
(53–100) SD = 12.1

98.2
96.4
93.0
98.0

(92–100)
(92–100)
(92–96)
(92–100) SD = 2.3

Note: Mean scores are provided, latent quality metric score ranges are in parentheses. VID = Value for Individualization score. VCMP = Value for Comparison score.

into AFIS, and 6.1% (n = 23) were determined to be of comparative
value, but insufficient quality to enter into AFIS. Very few prints
were determined to be of no comparative value (1.6%; n = 6) or of
value only for exclusionary purposes (0.3%; n = 1). It is important to
note that we only reviewed available images of latent prints up
loaded by examiners, and examiners do not upload all reviewed lifts.
As a result, our sample generally represents latent prints entered into
AFIS, but excludes many reviewed lifts that were determined to be of
no comparative value and therefore were not uploaded and available
for review. In other words, our sample represents all lifts reviewed
by examiners and determined to contain latent prints, but is not
inclusive of all lifts reviewed by examiners. The few images we ob
tained of prints deemed to be of no comparative value were up
loaded because the examiner initially suspected that they may be of
value, before ultimately deciding that they were not.

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

95.5% 97.4%
84.0%

4.5% 2.6%
AFIS Quality

11.2%

Not AFIS Quality
Good Bad Ugly

4.8%
No Value

Fig. 1. Examiner sufficiency determinations among Good, Bad, and Ugly latent prints.
Note: N = 372 prints. There were 133 Good prints, 114 Bad prints, and 125 Ugly prints.

Good and Bad quality prints did not differ in their sufficiency de
terminations.

3.1.1. Sufficiency determinations and Latent Quality Metrics
Table 1 reports the mean quality metrics of all latent prints.
Overall, prints received average Quality scores of 53.4 (SD = 20.8) and
average Clarity scores of 34.3 (SD = 12.5), although scores varied
widely. When categorized using traditional print quality categories
[24],5 submitted prints were evenly distributed across Good (35.7%;
n = 133), Bad (30.6%; n = 114), and Ugly (33.8%; n = 126) categories.6
Nevertheless, average VID scores suggest that all prints were more
likely than not to be determined to be of sufficient quality for in
dividualization. Indeed, the print with the lowest quality was still
predicted to have a 53% chance of being deemed sufficient quality.
Table 1 also demonstrates the association between quality me
trics and examiner determinations of sufficiency. All metrics were
significantly associated with sufficiency determinations and ex
hibited similar patterns of association. Quality scores were sig
nificantly associated with sufficiency determinations, F(2,
369) = 16.73, p < .001, ƞp2 = 0.08. Bonferroni post hoc analyses in
dicated that prints determined to be AFIS quality (n = 343) received
higher quality scores than did prints determined to be of insufficient
quality for AFIS entry (n = 23; d = 2.02; p = .003), and these latter
prints received higher quality scores than prints determined to be of
no comparative value, in turn (n = 6; d = 1.26; p = .02). Clarity scores
(F(2, 371) = 8.37, p < .001, ƞp2 = .04), VID scores (H(2) = 21.99,
p < .001), and VCMP scores (H(2) = 24.41, p < .001) were also sig
nificantly associated with sufficiency determinations. These metrics
did not significantly differ between prints determined to be of in
sufficient quality for AFIS entry and prints determined to be of no
comparative value (Clarity: d = 1.07; p = .26; VID: d = 1.28; p = .09;
VCMP: d = 1.27; p = .09), but this is likely due to the small sample
size of the latter (n = 6).
Put more simply in categorical terms, Fig. 1 indicates that prints
belonging to the Ugly quality category were less likely to be de
termined to be of sufficient quality for AFIS entry and were more
likely to be of no comparative value than other prints. However,

3.2. Examiner conclusions
Table 2 depicts examiner conclusions for the latent prints sub
mitted as part of HFSC’s BQC program. Despite knowledge of ground
truth, it may be misleading to describe all instances that did not
result in conclusions consistent with ground truth as errors because
the quality of submitted prints varied widely and, therefore, AFIS
candidate lists did not always include the corresponding alias. At the
same time, all instances in which prints are entered into AFIS and the
resulting candidate lists do not include the correct source warrant
further exploration. This table indicates that, based on ground truth,
examiners arrive at the correct conclusion in about half of submitted
prints (51.1%; n = 192). Examiners did not commit any false positive
errors (i.e., concluding a potential association exists when the source
was absent), but 41.0% of prints were deemed to have no association
with other prints despite the source being in AFIS (i.e., as an HFSC
alias). An additional 8.0% of prints were not entered into AFIS due to
determinations of insufficient quality.
Of the 302 prints with a true source present in AFIS, 41.7%
(n = 126) of prints resulted in the correct source being displayed
among the top 10 AFIS candidates. When listed, the correct candi
date print was almost always listed first (n = 85) or second (n = 9),
although the source candidate was listed as low as 10th on one oc
casion. There were two occasions when the source candidate was
listed in the AFIS results (in first and second positions) and the ex
aminer concluded that no association existed. Therefore, we can
conclude that, when the AFIS candidate list returned the correct
source print, the false negative error rate in the current dataset
is 1.6%.
3.2.1. Examiner conclusions and Latent Quality Metrics
Table 3 details the average Quality and Clarity scores of prints
according to examiners’ ultimate conclusions regarding each print.
Prints that resulted in correct Preliminary Associations were of the
highest quality and most clear, followed closely by prints that re
sulted in correct No Hit conclusions. Prints that did not result in AFIS
searches were of the lowest quality and least clear.

5
The FBI (2015) suggest cut scores of 45 and 65 to delineate Ugly, Bad, and Good
print quality categories.
6
LQMetrics could not provide a score for three images in our study and we
therefore omitted these from analyses involving quality metric scores.

4

B.O. Gardner, M. Neuman and S. Kelley
Table 2
Examiners’ conclusions regarding latent prints in the blind quality control program.
Ground truth
Examiner conclusion

Association (302 source-present prints)

Exclusion (74 source-absent prints)

Preliminary Association
No Association
No AFIS Search

33.0%; n = 124 (Correct Association)
41.0%; n = 154 (False Negative)
6.4%; n = 24 (Potential False Inconclusive)

0.0%; n = 0 (False Positive)
18.1%; n = 68 (Correct Exclusion)
1.6%; n = 6 (Potential False Inconclusive)

Note: N = 376 latent prints submitted as part of blind quality control program.
Table 3
Latent Quality Metrics and examiners’ conclusions within the blind quality control program.
Ground truth
Examiner conclusion

Association (302 source-present prints)

Exclusion (74 source-absent prints)

Total

Preliminary Association

Quality: 63.0
Clarity: 39.2 (Correct Association)
Quality: 48.4
Clarity: 31.7 (False Negative)
Quality: 35.8
Clarity: 26.6 (Potential False Inconclusive)
Quality: 53.4
Clarity: 34.4

N/A (False Positive)

Quality: 63.0
Clarity: 39.2
Quality: 50.4
Clarity: 32.7
Quality: 35.8
Clarity: 26.2

No Association
No AFIS Search
Total

Quality: 55.0
Clarity: 35.0 (Correct Exclusion)
Quality: 35.7
Clarity: 24.5 (Potential False Inconclusive)
Quality: 53.4
Clarity: 34.1

Note: N = 376 latent prints submitted as part of blind quality control program. Mean scores are provided.

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

examiner conclusions at the case level for prints submitted as part of
the BQC program. As demonstrated, at the case level, at least 60.4%
of blind cases result in correct conclusions based on ground truth (as
compared to 51.1% of blind prints resulting in correct conclusions
based on ground truth).

67.7%
54.4%

52.4%
43.0%

31.0%

27.8%

4. Discussion

16.7%
4.5% 2.6%
Correct

False Positive
Good

Bad

False Negative

The results presented here reflect the outcomes of one latent
print section’s blind quality assurance program over approximately
two and a half years. Outcomes from this program—which has
creatively inserted cases into the section’s workflow to mimic real
casework—offer a glimpse into the complete process of latent print
comparison, from evidence submission to reporting of results.
Importantly, the results also reflect outcomes when examiners were
truly blind (i.e., unaware that the cases they were working were
quality control cases rather than genuine casework). Consistent with
previous research, these BQC cases suggest low rates of false positive
errors (zero in the present study) and a higher rate of false negative
errors, the overwhelming majority of which involved true sources
not being included among the top 10 candidates after an AFIS search
(rather than examiners failing to identify the correct source on a
candidate list).
Examiners determined that nearly all latent prints examined in
this data set (92.0%) were of sufficient quality to enter into AFIS.
When prints had a source present in AFIS (through an HFSC alias),
slightly less than half of prints (41.7%) had the source displayed in
the top 10 AFIS candidates, generally in one of the two top positions.
Examiners themselves committed no false positive errors (i.e., in
dicating an association between a latent and an incorrect source)
and only two false negative errors (i.e., failing to indicate an asso
ciation when the correct source was on the candidate list). Finally,
when examined at the case level, rather than the print level—which
is perhaps more analogous to ‘real world’ outcomes—overall accu
racy rates increased from about 50% to approximately 60%.
These results highlight two limitations inherent in evaluating the
outcomes of many blind programs. The first involves how to de
termine whether examiners correctly labeled prints as insufficient
quality for AFIS or as being of no comparative value. Scholars have
noted that these types of inconclusive determinations should not be

Inconclusive

Ugly

Fig. 2. Examiner conclusions among Good, Bad, and Ugly latent prints. Note: N = 373
prints. There were 133 Good prints, 114 Bad prints, and 126 Ugly prints.

Put more simply, print quality (as categorized by Good, Bad, or
Ugly) was significantly associated with examiner conclusions and
ultimate accuracy, χ2(4, N = 373) = 34.01, p < .001, Cramer’s V = .25,
95% CI [.19, .32]. As depicted in Fig. 2, Good latent prints were 2.18
times more likely to result in correct conclusions than were Ugly
prints, whereas Ugly prints were 3.71 times more likely to result in
inconclusive conclusions (i.e., no AFIS searches) than were Good
prints.

3.3. Case-level sufficiency determinations and examiner conclusions
Of 144 submitted BQC cases, the large majority (95.8%; n = 138)
contained at least one print determined to be of sufficient quality to
enter into AFIS. This means that only 4.2% (n = 6) of submitted blind
cases did not result in an AFIS search. Examiners sometimes cor
rectly associate only one latent print of nine in a case. However, one
association is sometimes all that is required for a case to proceed
with the correct conclusion (i.e., identification of correct subject)
after a full comparison is performed. Therefore, assessing error at the
case level, rather than the print level, is perhaps more reflective of
‘real world’ outcomes in that correctly identifying only a portion of
provided prints can still lead to an accurate outcome in a case.
HFSC’s BQC data at the case level leads to a higher overall ac
curacy rate compared to data at the print level. Table 4 describes

5

B.O. Gardner, M. Neuman and S. Kelley
Table 4
Examiners’ case-level conclusions in the blind quality control program.
Ground Truth
Examiner conclusion

Association (123 source-present cases)

Exclusion (21 source-absent cases)

Preliminary Association
No Association
No AFIS Search

45.8%; n = 66 (Correct Association)
35.4%; n = 51 (False Negative)
4.2%; n = 6 (Potential False Inconclusive)

0.0%; n = 0 (False Positive)
14.6%; n = 21 (Correct Exclusion)
0.0%; n = 0 (Potential False Inconclusive)

Note: One case involved both a source-present and source-absent source. This case was coded as target-present in this table.

automatically deemed correct [5], but with few objective criteria to
guide these determinations it is difficult to evaluate them. In the
current sample, we see that the objective quality of prints deemed to
be sufficient and insufficient quality for AFIS entry varied widely;
Ugly prints with Quality scores as low as 9 were nonetheless de
termined to be of sufficient quality and, conversely, Good prints with
Quality scores as high as 80 were deemed to be of insufficient quality
for AFIS entry. Moving forward, blind proficiency programs such as
the one implemented at HFSC may address this limitation by con
ducting a priori examinations of all submitted prints in order to
determine whether prints “should” be deemed of sufficient quality
for AFIS entry and “should” appear on AFIS candidate lists. Alter
natively, perhaps prints with extremely high Quality scores “should”
consistently be determined to be of sufficient quality for AFIS entry.
Such procedures would allow the BQC program to more effectively
test the accuracy of the entire system. The current findings reveal
that, as currently implemented, HFSC’s BQC program does not ef
fectively test the accuracy of examiner sufficiency determinations.
The second highlighted limitation concerns AFIS algorithms and
the interaction of examiners’ markup and AFIS output. As referenced
above, based on ground truth, examiners arrived at “correct” con
clusions for about half (51.1%) of BQC prints. For the other half of
prints, the examiner/AFIS interaction and AFIS limitations appear to
have influenced a large proportion of outcomes. Notably, when the
correct source was present within the AFIS system as an HFSC alias,
the source was not among the top 10 AFIS candidates in over half of
searches (58.3% of prints). Certainly, some portion of these results
might be explained by poor quality of the source print or insufficient
overlap between the latent and source print (or some combination
thereof). At the same time, results raise questions about how ex
aminers’ markup affects AFIS output, and limitations in the AFIS
algorithm that can lead to false negative errors. As currently im
plemented, HFSC’s blind proficiency program does not effectively
test the accuracy of some examiner conclusions (i.e., no association
conclusions and situations in which prints are not searched in AFIS),
nor the reasons why some AFIS searches do not produce candidate
lists that include the correct source when the correct source is
within AFIS. Again, conducting a priori examinations of all submitted
images, while time intensive, may address some aspects of this
system limitation.

more directly, the average LQMetrics Clarity score of submitted
prints (M = 34.3) appears quite similar to average Clarity scores of a
sample of 215 latent prints taken from normal casework at a United
States-based federal laboratory (M = 36.6) [15]7. Thus, current find
ings support anecdotal arguments suggesting that the clarity of
prints submitted as part of HFSC’s BQC program closely resemble the
clarity of actual casework and are likely more representative than
the prints contained in widely available open proficiency tests.
Quality metrics were associated with sufficiency determinations
following an expected pattern, with AFIS-quality prints receiving
higher scores than prints deemed insufficient quality for AFIS, which
in turn received higher scores than prints of no comparative value.
Categorically, Ugly prints were less likely to be useable (in AFIS or
otherwise) than prints in the other two categories. Print quality was
also strongly associated with examiner conclusions (following an
AFIS search) and ultimate accuracy. Notably, Good prints were more
than twice as likely to result in correct conclusions as were Ugly
prints.
Finally, LQMetrics results also point to potential AFIS limitations
(or limitations in how AFIS is used by examiners), just as BQC
findings did. Of the 302 prints with a source present in AFIS, the
average Quality score was 53.4, meaning that an image-only search
is predicted to return the correct source on the AFIS candidate list
53.4% of the time. However, only 41.7% (n = 126) of prints resulted in
the correct source being displayed in the top 10 AFIS candidates. Of
course, Quality scores are probabilistic—such that there will always
be some difference between expected results and actual results—but
the discrepancy is noteworthy nevertheless.
Overall, these results highlight the utility of blind quality assur
ance programs as a supplement to open proficiency testing and to
note areas of improvement. When properly implemented, such
programs have the potential to more effectively test the accuracy of
the entire system, including AFIS, compared to standard open pro
ficiency tests. This research also suggests a potential role for in
corporating quality metrics into blind programs and routine
casework. First, quality metrics offer objective indicators that could
help ensure blind cases closely resemble routine casework. Second,
based on results documenting the relationship between LQMetrics
and sufficiency determinations and examiner conclusions, there
could be merit in screening prints for quality as a first step in an
analysis. Given the relationship between Ugly prints and incon
clusive outcomes (e.g., finding the print to be of insufficient quality
for AFIS entry), and reduced accuracy in outcomes as compared to
Good prints – analysts might consider not proceeding with Ugly
prints, and instead saving their time and decisional efforts for
higher-quality prints.

4.1. Quality metrics and BQC prints
Regarding LQMetrics, the mean Quality score of 53.4 indicates
that the average BQC print falls in the Bad category, though scores
varied widely and prints were evenly distributed across the Good,
Bad, and Ugly categories. In order for blind proficiency programs to
effectively evaluate laboratory performance in routine casework,
submitted prints must be representative of routine casework. To this
end, there is little available research describing the objective quality
of latent prints evaluated in routine casework, but recent literature
provides some context. The average LQMetrics Quality score of
prints submitted as part of HFSC’s BQC program (M = 53.4) is cer
tainly lower than the average Quality scores of latent prints con
tained in recent open proficiency tests (Ms = 72.6 and 74.4) [7,11]. But

4.2. Limitations and future research
These data reflect a blind quality assurance program im
plemented within a single laboratory and detail findings of a parti
cular AFIS. From an implementation perspective, HFSC has the
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advantage of being a larger laboratory with a dedicated quality
management section, and is able to negotiate circulating aliases
through a local AFIS. We recognize that not all laboratories will be
able to implement a blind program in exactly this way.
The sample of analyzed BQC prints also reflects all latent prints
entered into AFIS, but, for the most part, excludes lifts that were not
entered (e.g., prints deemed to have no comparative value). Thus,
while results sufficiently represent all latent prints submitted as part
of the BQC (i.e., prints deemed to be of AFIS quality), we know less
about all lifts submitted as part of the BQC (i.e., reviewed images that
analysts deemed to be of insufficient quality for AFIS entry and
therefore were not labeled as latent prints). In this regard, it is
possible that some very low-quality prints were dismissed based
upon examiner judgment and not included in this sample. It is likely
that this sample overrepresents images of high quality and relatively
low complexity. At the same time, we again note that the clarity of
the current sample appears similar to routine casework in federal
laboratories [15].
Future research would, ideally, evaluate the full range of lifts
submitted as part of the BQC program. Additionally, subsequent
research might explore how to evaluate inconclusive determinations
at the sufficiency or conclusion stage. Results suggest that quality
metrics could be implemented to help guide this process. For in
stance, inconclusive determinations on low quality prints are likely
to be more "accurate" than inconclusive determinations for higher
quality prints. The ambiguity about how best to evaluate these in
conclusive decisions also speaks to the importance of shifting away
from categorical outcomes generally and towards reporting conclu
sions probabilistically, though the practice is not currently the norm
in latent print comparisons [4].
Finally, results also speak to the need for additional research on
interactions between examiner markup and AFIS output and the
accuracy of different AFIS algorithms. Although evidence from this
study and others does not point to concerns about false positive
errors, AFIS algorithms certainly contributed to false negative errors.
Thus, future research might explore practices to reduce the false
negative error rate.
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