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Are strategies for learning in education effective for learning in applied visual domains, such as
fingerprint identification? We compare the effect of practice with immediate corrective feedback
(feedback training), generating labels for features of matching and mismatching fingerprints (labels
training), and contrasting matching and mismatching fingerprints (contrast training). We benchmark
these strategies against a baseline of regular practice discriminating fingerprints. We found that all 3
training protocols—feedback, labels, and contrasts—resulted in a significantly greater ability to discrim-
inate new pairs of prints (independent of response bias) than the baseline training protocol. We also found
that feedback and labels training produced significantly lower rates of bias (i.e., learners in these groups
were less likely to overcall matches) compared with baseline training. Our results demonstrate 3 different
ways to boost expertise with matching prints, and have direct application to training perceptual expertise.
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There is a growing literature aimed at understanding the study
behaviours and metacognitive abilities (and illusions) of learners
(Bjork, Dunlosky, & Kornell, 2013; Dunlosky & Lipko, 2007)—as
well as a surge of research aimed at pinpointing the best and most
generalisable ways to practice (Bjork et al., 2013; Dunlosky,
Rawson, Marsh, Nathan, & Willingham, 2013; Hattie, 2009).
Several robust learning strategies—typically referred to as desir-
able difficulties—have been identified, which result in superior
performance during transfer and after a delay (e.g., interleaving,
retrieval practice, elaborative interrogation; Bjork & Bjork, 2011;
Schmidt & Bjork, 1992). Other work has focused on the role of
feedback (Butler, Karpicke, & Roediger, 2008; Hattie & Timper-
ley, 2007; Pashler, Cepeda, Wixted, & Rohrer, 2005). A large
portion of these studies, however, have relied on stimuli geared
toward education in schools or material intended to be memorised
(e.g., English-Swahili word pairs). Here, we extend these learning
strategies to the applied visual domain of fingerprint identification.

Fingerprint examiners typically refer to their expertise as being
based on “training and experience” with matching and mismatching
fingerprints (Busey & Parada, 2010); they spend their days determin-
ing whether a fingerprint collected at a crime scene belongs to the
same finger or different fingers as a candidate print. Their years of
training and experience has been the benchmark for courts to accept
fingerprint evidence. Remarkably, this benchmark has existed with
very little pressure to empirically demonstrate the quality and effec-
tiveness of current training programs to produce genuine expertise
(Tangen, Thompson, & McCarthy, 2011). Several prominent scien-
tific bodies have now encouraged the development of research pro-
grams on human observer performance in forensic examinations
(Campbell, 2011; National Research Council, Committee on Identi-

fying the Needs of the Forensic Science Community, 2009; National
Institute of Standards and Technology (NIST), 2012). In particular,
these reports highlight a need to establish improved, empirically
validated, and standardised training programs for forensic examiners.
We test the effect of three learning strategies for developing finger-
print expertise, comparing them to “individuation training” or practice
with matching prints without feedback, labels, or any additional
categorical information.

Feedback

Immediate feedback is often prescribed, alongside deliberate prac-
tice, as an effective training tool for developing expertise (Ericsson,
Krampe, & Tesch-Römer, 1993; Ericsson & Lehmann, 1996). In the
education and learning literatures, however, the specific role of im-
mediate feedback is less clear (Hattie & Timperley, 2007). Some
researchers have found learning interventions to be more helpful
when feedback is gradually reduced during practice (Wulf & Schmidt,
1989), when learners have a choice to skip feedback in favour of more
retrieval practice (Hays, Kornell, & Bjork, 2010), and when immedi-
ate feedback is provided only after responding incorrectly (Karpicke
& Roediger, 2007, 2008; Pashler et al., 2005), responding correctly
with little confidence (Butler et al., 2008), or responding correctly
with a delay (Kulhavy & Anderson, 1972; Smith & Kimball, 2010;
but see Metcalfe, Kornell, & Finn, 2009). Immediate feedback has
also been shown to have an undesirable effect on learners’ metacog-
nitive judgments (Kornell & Rhodes, 2013).

These studies show that the effect of feedback varies substantially
across conditions, but few studies have examined its use for devel-
oping visual expertise (see White, Kemp, Kemp, Jenkins, & Burton,
2014 for one exception), and we were unable to find any previous
studies that have directly compared the effect of feedback training
with other learning strategies in an applied visual domain. We com-
pared the effect of feedback training to two other training protocols (in
addition to our baseline, no feedback protocol) as a tool for learning
to distinguish fingerprints. White et al. (2014) found immediate cor-
rective feedback to be more effective for learning to distinguish
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unfamiliar faces by identity than practice with no feedback, and we
predicted a similar result with fingerprints.

Labels

Learners in many applied domains typically begin by consulting
guides, textbooks, and standards that provide annotated prototypical
examples of to-be-learned categories. Medical students study lists of
clinical features that are typical of various diseases (Kulatunga-
Moruzi, Brooks, & Norman, 2004), the latest guidelines for forensic
face recognition promote a careful and deliberative process of de-
scribing and comparing the features of a face (eyes, ears, etc.; Facial
Identification Scientific Working Group (FISWG), 2012), and finger-
print examiners are encouraged to identify and articulate the features
of a print early on in training (e.g., ridge events, creases, and scars;
Scientific Working Group on Friction Ridge Analysis, Study and
Technology (SWGFAST), 2012).

Generating informational features or verbal descriptors like “po-
lygonal shaped papule” in dermatology, “detached earlobes” in face
recognition, or “ridge ending” in fingerprints, likely directs learning of
the particular instantiations of a category (Brooks & Hannah, 2006).
Indeed, feature lists and verbal descriptors have been shown to im-
prove the diagnostic acumen of novices in medicine (Brooks,
LeBlanc, & Norman, 2000; Norman, Brooks, Regehr, Marriott, &
Shali, 1996). Providing the correct diagnosis provokes novices to
identify more features (Brooks et al., 2000), and their performance
improves when they list features after they have made a diagnosis
(Norman, Brooks, Colle, & Hatala, 1999). Similarly, in education,
prompting learners to generate an explanation for an answer or stated
fact—a process referred to as elaborative interrogation—results in
better cued-recall performance than reading a pregenerated explana-
tion (Pressley, McDaniel, Turnure, Wood, & Ahmad, 1987; see
Dunlosky et al., 2013 for a review). We devised a labels training
procedure to extend these manipulations to fingerprints: learners view
pairs of fingerprints labelled as a “Match” or a “No Match” (equiv-
alent to a correct diagnosis in medicine or a stated fact in education),
and ask participants to generate their own labels or descriptors that
best characterise the similarities or differences between the prints. We
predicted that this process of generating descriptors for labelled fin-
gerprint pairs would result in a similar boost to discrimination ability
on a test of transfer as feedback training, by directing learners toward
more diagnostic visual dimensions.

Contrasts

Another strategy found to be effective for learning visual categories
in particular (e.g., learning to recognise the style of an artist), is
interleaved practice. This strategy involves presenting exemplars
(e.g., paintings by Cézanne) in a sequence that is intermixed with
exemplars of other categories (e.g., paintings by Matisse or Monet;
Hatala, Brooks, & Norman, 2003; Kornell & Bjork, 2008; Zulkiply &
Burt, 2013). Interleaving is effective for learning even when the
different categories are presented simultaneously (Kang & Pashler,
2012; Wahleim, Dunlosky, & Jacoby, 2011), suggesting that such
learning effects are not explained by spacing exemplars in time.
Interleaving is thought to aid generalisation by promoting attention to
the differences between categories (Kornell & Bjork, 2008; Kornell,
Castel, Eich, & Bjork, 2010), and by decreasing the fluency of
processing (Bjork et al., 2013). Conversely, presenting two exemplars

of the same category, either back to back or simultaneously (i.e.,
massing or blocking), is thought to draw attention to the commonal-
ities among members of a category. Consistent with this view, other
work has demonstrated the benefits of interleaved practice to be most
pronounced for homogenous categories (Carvalho & Goldstone,
2014).

In fingerprints, novices tend to overcall matches when the
mismatching pairs are highly similar (Tangen et al., 2011), and
such cases are increasingly common in practice because of the use
of computer algorithms to help narrow down the list of candidate
prints (Dror & Mnookin, 2010). Increasing the saliency of
between-finger differences through a process similar to interleav-
ing should, therefore, be particularly beneficial for learning to
distinguish highly similar distractor prints. We devised a contrast
training protocol that allows learners to compare a fingerprint
alongside a different matching print and a mismatching print at the
same time. In other words, learners can contrast within-finger
variance with between-finger variance simultaneously. Our goal
here is to help learners distinguish between the visual information
that is because of differences within the same print (i.e., distortion,
slippage, pressure, etc.), and the visual information that is because
of differences between different fingers.

Method

Participants

The participants were 100 undergraduate psychology students
from The University of Queensland with no prior experience
viewing fingerprints. Course credit was provided in exchange for
participation. Each participant was randomly allocated to one of
four training conditions: individuation training (17 women; Mean
Age ! 20.1), individuation training with feedback (13 women;
Mean Age ! 20.8), labels training (12 women; Mean Age ! 19.8),
or contrast training (17 women; Mean Age ! 19.3). There were 25
participants in each condition.

Stimuli

The fingerprint set used in this experiment were 100 fingerprint
trios. Each trio consisted of an exemplar fingerprint, a fingerprint
left by the same finger on a separate occasion (for match trials),
and a highly similar distractor print returned from a search of the
Australian National Automated Fingerprint Identification System
(for mismatch trials). The highly similar distractors were the most
highly ranked mismatching candidate print returned by the search
algorithm available in the Queensland Police hard-copy archives,
which contains approximately 3.3 million prints (see Tangen et al.,
2011 for full details). The fingerprints were photographed and
cropped to 512 " 512 pixels with the impressions isolated in the
centre on the image. Some of the fingerprints were fully rolled and
others were slaps, where the finger is pressed down and not rolled
from one side to the other, introducing greater variation between
instances of the same finger.

For each participant, 50 fingerprint trios were randomly allo-
cated to the training phase of the experiment and the remaining 50
to the test phase. From the pool of 50 training trios, a random 25
were paired with the impression from the same finger (generating
the matching pairs), and the remaining 25 with the highly similar
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impression from another individual (generating mismatching
pairs). This same method was used to generate matching and
mismatching pairs for the test. Each exemplar print had a chance
to be paired with its match or its distractor, and to appear during
training or test, which also varied for each participant so that any
differences observed between training groups are unlikely to be
because of low level image characteristics.

Procedure

The experiment was displayed on 23 in. iMac computers with
headphones. Learners in all four training groups first read an
information sheet and listened to an instructional video about the
nature of the training before completing one of the four training
sessions. In each of the instructional videos, learners were shown
an example of a matching and mismatching fingerprint pair, and
were shown what their respective training environments looked
like. All learners were instructed that they would be tested on their
ability to discriminate fingerprints later in the experiment before
completing the training phase. After completing the training phase,
learners in each group watched another instructional video show-
ing what their test environment looked like (including an example
matching and mismatching trial) before completing the test. The
test involved judging 50 novel pairs of fingerprints as belonging to
the same finger or different fingers and responses were indicated
on the same 12-point confidence rating scale used during training.
None of the prints were presented previously and no feedback was
provided during the test—resembling real-world casework condi-
tions, where ground truth information (e.g., knowledge of whether
the prints were left by the same finger or two different fingers) is
not available. Progression through the test was self-paced, such
that participants only advanced to the next case after providing a
rating and clicking “OK.”

Individuation training (baseline). Baseline learners viewed
50 pairs of fingerprints (half matching and half mismatching), one
after the other, and were instructed to judge whether the two impres-
sions in each case belonged to the same finger or whether they
belonged to two different fingers (see Figure 1 for an example of
matching and mismatching fingerprints). The fingerprints were the
only source of information and they remained on the screen until
learners provided a rating and moved on to the next case. As with each
of the training conditions, the sequence of matching and mismatching

trials was random for each participant. Learners used a 12-point,
forced choice confidence rating scale which appeared below the
fingerprints in each case. This scale is the same used in previous
experiments (e.g., Searston, Tangen, & Eva, 2015; Tangen et al.,
2011) and ranges from 1 (sure different) to 12 (sure same). Ratings of
1 to 6 indicated a “no match” decision (i.e., the learner thought the two
prints belong to two different fingers) and ratings 7 to 12 indicated a
“match” decision (i.e., the learner thought the two prints belong to the
same finger). Forcing one of two decisions allowed us to examine
changes in learners discrimination ability or accuracy as well as
changes in their decision strategy or response bias (Green & Swets,
1966).

Feedback training. Feedback learners judged 50 pairs of
fingerprints (half matching and half mismatching) as either be-
longing to the same finger or two different fingers using the same
12-point rating scale as the baseline training group. In addition,
they received trial by trial corrective feedback on their decisions in
line with previous manipulations of feedback training (e.g., White
et al., 2014). Immediately after providing a rating in each case, the
fingerprints were removed and they were presented with the word
“Correct” in bold green font in the middle of the screen for correct
decisions (i.e., correctly calling or rejecting a match) or the word
“Incorrect” in bold red font for incorrect decisions (i.e., falsely
calling or missing a match). The feedback remained on the screen
for a further 3 s before participants advanced to the next case.

Labels training. Learners in the labels training group viewed
50 pairs of fingerprints, one after the other (half matching half
mismatching), but they did not explicitly engage in individuation
training. Instead, these learners were provided with the correct
responses as labels above each pair of fingerprints. On matching
trials, the word “Match” appeared in bold font above the prints,
and on mismatching trials, “No Match” appeared in the same font
and location. In each case, learners were instructed to list the
similarities and dissimilarities between the two prints in a text box
below them, resembling manipulations of elaborative interrogation
in education research (e.g., Norman et al., 1999; Pressley et al.,
1987). Learners could not advance to the next trial if the text box
was empty.

Contrast training. Learners in the contrast training group
viewed 50 sets of four fingerprint on the screen, one after the
other. In each case, the same exemplar fingerprint appeared

Figure 1. A sample trio consisting of an exemplar, a matching, and a mismatching impression.
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twice on the screen: once alongside a different fingerprint left
by the same finger (i.e., matching pair), and again alongside a
highly similar fingerprint from another individual (i.e., mis-
matching pair), which resulted in a simultaneous interleaving
protocol (Kang & Pashler, 2012; Wahlheim et al., 2011). Learn-
ers were instructed to compare and contrast the two pairs before
judging each pair individually as a match or a mismatch without
feedback and were not able to advance to the next trial until
providing a judgment about both pairs (a 12-point rating scale
was located on the right of each pair in each case). Whether the
matching pair appeared at the top or the bottom of the screen
was randomised on each trial and for each participant. Partici-
pants were not instructed that each trial consisted of one match-
ing and one mismatching pair.

Results

Learners who engaged in individuation training with feedback
made the most correct decisions on the transfer test (83.23%),
followed by learners in the labels training group (79.46%), learners
in the contrast training group (76.79%), and learners in the base-
line group (i.e., individuation training without feedback; 67.00%).
To examine differences in discriminability independent of re-
sponse strategy (i.e., tending to say “match” or “no match” more
regardless of the correct response), we computed the average
discrimination ability (A=) and response bias (B#D) separately for
each individual learner in all four training groups (see Donaldson,
1992 on the use of A= and B#D as nonparametric measures of
performance). Again, learners in the individuation with feedback
training group were the most accurate on the test (Mean A= ! .89)
followed by learners in the labels training group (Mean A= ! .86),
learners in the contrast training group (Mean A= ! .84), and

learners in the baseline training group (Mean A= ! .75). An
interesting find was that learners in the individuation with feed-
back group (Mean BD

# ! 0.00), labels group (Mean BD
# ! .13), and

contrast training group (Mean BD
# ! $.18), also displayed less bias

on the test than learners in the baseline group (Mean BD
# ! $.53).

Learners in the baseline training group tended to say “match” more
than any other group regardless of whether the fingerprints actu-
ally matched or not (see Figure 2).

Signal Detection Analyses

We first subjected learners A= scores and BD
# scores on the

transfer test to two separate one-way, between-subjects analyses of
variance. These analyses showed a significant main effect of
Training Type (baseline, feedback, labels, or contrast) on discrim-
inability, F(3, 96) ! 7.10, MSE ! 0.01, p % .001, &G

2 ! .18, and
response bias, F(3, 96) ! 8.85, MSE ! 0.23, p % .001, &G

2 ! .22.
Tukey’s pairwise comparisons using learners A= scores further
revealed that, compared with the baseline group, the feedback,
t(48) ! 4.34, p % .001, d ! 1.05, labels, t(48) ! 3.50, p ! .004,
d ! .84 and contrast training, t(48) ! 2.90, p ! .023, d ! .70,
groups were all significantly more accurate on the transfer test.
Tukey’s pairwise comparisons of learners’ BD

# scores also revealed
that learners in the feedback, t(48) ! 3.90, p ! .001, d ! 1.12, and
labels group, t(48) ! 4.85, p % .001, d ! 1.54, were significantly
less (liberally) biased than those in the baseline training group. The
difference between the BD

# scores in the baseline group and contrast
training group was not significant, t(48) ! 2.60, p ! .052, d ! .68.
None of the comparisons between the feedback, labels, and con-
trast training groups were significant.

Figure 2. Mean test discriminability (A=; a) and response bias (BD
# ; b) for each training group, as well as their

mean percent correct for matching (c) and mismatching trials (d). The error bars indicate the SEM. See the online
article for the color version of this figure.
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Percent Correct Analyses

We also examined differences in learners’ percent correct scores
for matching and mismatching cases by conducting a Training
Type (baseline, feedback, labels, or contrast) " Trial Type (match
or mismatch) mixed analysis of variance. We found a significant
main effect of Training Type, F(3, 96) ! 9.07, MSE ! 0.03, p %
.001, &G

2 ! .12, Trial Type, F(3, 96) ! 13.03, MSE ! 0.03, p %
.001, &G

2 ! .06, as well as a significant interaction between the
two, F(3, 96) ! 12.39, MSE ! 0.03, p % .001, &G

2 ! .16. To
investigate this interaction further, we conducted Tukey’s pairwise
comparisons between each of the training groups for matching and
mismatching trials. For matching trials, there was no significant
difference in percent correct on the test between the baseline
learners and feedback learners, t(48) ! .35, p ! .985, between the
baseline learners and labels learners, t(48) ! 1.59, p ! .392, or
between the baseline learners and contrast learners, t(48) ! .85,
p ! .830. For mismatching trials on the other hand, there was a
significant different between the baseline training group and the
feedback training group, t(48) ! 6.01, p % .001, d ! 1.50,
between the baseline training group and the labels training group,
t(48) ! 6.04, p % .001, d ! 1.65, and between the baseline and
contrast training groups, t(48) ! 4.40, p % .001, d ! 1.04. None
of the comparison between the feedback, labels, and contrast
training groups were significant.

Time Taken to Complete the Experiment and
Response Times at Test

Baseline learners completed the experiment in the shortest pe-
riod of time (Mean Time to Complete Experiment ! 23 min and
46 s), followed by feedback learners (Mean Time to Complete
Experiment ! 30 min and 34 s), contrast learners (Mean Time to
Complete Experiment ! 31 min and 24 s), and then the labels
learners (Mean Time to Complete Experiment ! 39 min and 43 s).
A look at learners’ mean response times at test can provide further
insight into where each of these groups are spending their additional
time. Baseline learners responded the fastest at test, on average (Mean
Response Time ! 10.23 s), but the feedback (Mean Response Time !
10.77 s), labels (Mean Response Time ! 11.27 s), and contrast
learners (Mean Response Time ! 11.49 s) responded with similar
speed. We found no significant differences in response times at test
between the four groups of learners, F(3, 96) ! 1.53, p ! .213, &G

2 !
.05.

Finally, we also examined whether the 25 fastest learners (Mean
Time to Complete Experiment ! 14 min and 51 s) and the 25
slowest learners (Mean Time to Complete Experiment ! 53 min
and 00 s) differed in their ability to discriminate pairs of prints on
the test, irrespective of their training group. Despite spending
substantially more time on training trials, the 25 slowest learners
displayed only slightly better discrimination ability on the test
(Mean A= ! .84), compared with the 25 fastest learners (Mean
A=! .83), and this difference was not significant, t(48) ! .47, p !
.642, d ! .09.

Discussion

Despite a reliance on training and experience as an index of
expertise in courts, there is a paucity of research examining

whether certain training protocols are more effective than oth-
ers at producing genuine perceptual expertise in forensic do-
mains. Here, we produce such data, drawing on well-established
learning strategies used in education. We have shown that
corrective feedback is a powerful tool for learning to discrim-
inate between highly similar fingerprints, resulting in signifi-
cantly greater discrimination ability and lower rates of bias on
a test of transfer than individuation training alone. We have also
shown two other equally effective ways to boost fingerprint
discrimination performance: generating labels for similar and
dissimilar features between prints, and contrasting matching
and mismatching image-pairs. Learners in the labels and con-
trast training groups also produced lower rates of bias on the
test compared with a baseline group. However, this reduction in
bias was only significant for those who received the labels
training, who produced a slightly conservative response bias
(i.e., tending to overcall mismatches) on the test compared with
the liberal bias (i.e., tending to overcall matches) displayed by
baseline and contrast learners. The benefits of feedback, labels,
and contrast training were isolated to mismatching trials, which
were selected for their high similarity.

The result of learners showing above baseline discrimination
ability across the three training groups, suggests the effects we
observed for mismatching trials were partly because of an
increase in sensitivity to information that is diagnostic of highly
similar, but mismatching prints. This finding is consistent with
previous work demonstrating that fingerprint experts with years
of experience perform particularly well compared with novices
at identifying highly similar distractors (Tangen et al., 2011;
Thompson, Tangen, & McCarthy, 2014). Furthermore, while
baseline learners spent considerably less time completing the
experiment compared with the other groups, time taken to
complete the experiment did not have a significant bearing on
learners discrimination ability on the test. Learners’ response
times on the test also did not differ significantly between each
of the groups. These results indicate that feedback, labels, and
contrast learners spent substantially more time examining fin-
gerprint pairs during training compared with baseline learners,
but this additional exposure is not likely to account for the
effects we have observed.

The reduced bias observed for the feedback and labels train-
ing groups suggests that these two protocols further helped to
calibrate learners’ decision strategy. It is possible that the added
information of “Correct”/“Incorrect” in the feedback training
protocol and “Match”/“No Match” in the labels training proto-
col enabled learners to tune their response bias so as to reflect
the underlying base rates of matching and mismatching pairs.
This interpretation is in line with previous work showing that
recognition memory false alarm rates are dependent on base
rate information when feedback is provided (Estes & Maddox,
1995), or when base rate information is provided in advance
(Ratcliff, Sheu, & Gronlund, 1992). In practice, the base rates
of matching and mismatching pairs are likely to differ from the
equal base rate scenario we set up in our experiment, and it is
worth considering how injecting truthful information into an
examiners’ workflow (e.g., by providing feedback on cases
where the ground truth is known) might affect their response
strategies across the board: boosting discrimination ability
through feedback or labels might push around an examiners’
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response bias in unintended ways. If this is the case, contrast
training may be a viable alternative.

Our present design does not allow us to determine whether the
greater sensitivity displayed by learners in the labels training group
was because of the “Match”/“No Match” information, generating
descriptors for similar and dissimilar features, or a combination of
the two. One way to test this would be to include a condition where
learners rate the prints as matching or mismatching without feed-
back before listing similarities and dissimilarities. Prior work in
education certainly suggests the process of describing why some-
thing is true—such as describing why two fingerprints belong to
the same finger—is more helpful for learning than passively gath-
ering truthful information (Pressley et al., 1987; see Dunlosky et
al., 2013). Our labels training protocol was based on this elabora-
tive interrogation technique and it is likely that generating similar
and dissimilar features encouraged learners to attend closely to
particular instantiations of generic features that are diagnostic of a
correct response (Brooks & Hannah, 2006).

One other caveat concerns the contrast training protocol. We
chose to equate the number of training trials rather than the
number of images, meaning that the increased sensitivity ob-
served for contrast learners may be because of their exposure to
a greater number of prints during training. It is difficult to draw
any firm conclusions about the source of the contrast learning
effect we observed with fingerprints without further research
that equates the number of exemplars. However, previous work
has shown that viewing images of different bird species in pairs
versus singles aids classification of new birds, even with the
same number of exemplars across conditions (Wahlheim et al.,
2011). It is possible that the simultaneous presentation of
matching and mismatching prints contributed to the greater
sensitivity we observed by highlighting differences between
matching and a highly similar distractor prints. This explanation
is consistent with discrimination accounts of spacing effects in
category learning (Kornell & Bjork, 2008; Kornell et al., 2010).

Practical Implications

We rely on forensic examiners to detect passport fraud or to
identify individuals who were at the scene of a crime from
images of faces, fingerprints, shoe prints, tool marks, firearm
impressions, and bite marks. The purpose of the present study
was to broadly compare different strategies for training novices
in these applied visual domains to accurately classify members
of a category, using fingerprint identification as a testbed. As a
starting point, we examined variants of three strategies that
have been shown to be effective in education: corrective feed-
back, generating lists of features (similar to previous elabora-
tive interrogation strategies; Norman et al., 1999; Pressley et
al., 1987), and contrasting category exemplars (similar to si-
multaneous interleaving interventions in previous work; Kang
& Pashler, 2012; Wahlheim et al., 2011). We also set a high bar
for these learning strategies by comparing them to individuation
training or regular practice with matching fingerprints. Identi-
fying and discriminating exemplars of a category or object (e.g.,
a finger) without feedback or labels encourages retrieval of
similar prior instances (Searston et al., 2015), and the more
salient dimensions that were diagnostic in those cases are likely
to come to mind more readily on retrieval than less diagnostic

details. Retrieval practice certainly has a well-documented pos-
itive effect on learning in education (Bjork et al., 2013;
Karpicke & Roediger, 2007, 2008), and our feedback, labels,
and contrast training protocols all surpassed this formidable
benchmark, showing promise as training tools in applied visual
domains.

Further work is needed to clarify the specific mechanisms
underlying the learning effects we observed, as well as their
generality to other domains of perceptual expertise (e.g., unfa-
miliar face recognition or radiology). Future investigations may
wish to examine our hypothesis that feedback serves to direct
learners attention toward underlying base rate information.
Combining the learning strategies we have adapted here might
also produce a cumulative learning benefit, above and beyond
the benefit provided by each strategy separately, which may
help to shed light on whether each strategy is contributing to
developing different aspects of perceptual expertise. Practi-
cally, it would be useful to explore the effects of feedback,
labels and contrast training on learning in other forensic do-
mains that rely on visual comparison of images. Little is known
about whether humans are able to develop genuine expertise in
discriminating shoe prints, tool marks, firearm impressions or
bite marks, and further research aimed at identifying general
learning strategies that are effective across these different dis-
ciplines will help to address concerns regarding the validity of
these domains (Campbell, 2011; National Research Council,
Committee on Identifying the Needs of the Forensic Science
Community, 2009; NIST, 2012). Our results demonstrate three
different ways to boost expertise with matching fingerprints,
serving as a first step toward addressing the need to establish
improved, empirically validated, and standardised training pro-
grams for forensic examiners.

Résumé

Les stratégies d’apprentissage utilisées en éducation sont-elles
aussi efficaces pour l’apprentissage de domaines visuels appliqués,
comme l’identification d’empreintes digitales? Nous évaluons
l’effet de la pratique par rapport à la rétroaction corrective immé-
diate (formation sur la rétroaction), à la génération d’étiquettes
relatives à des caractéristiques d’empreintes digitales appariées et
non appariées (formation sur l’étiquetage) et à la comparaison
entre des empreintes digitales appariées et non appariées (forma-
tion sur la comparaison). Nous comparons ces stratégies à des
pratiques régulières de discrimination d’empreintes digitales. Nous
avons constaté que les trois protocoles de formation – rétroaction,
étiquettes et comparaison – ont entraîné une plus grande habileté à
discriminer les nouvelles paires d’empreintes (indépendamment du
biais méthodologique) par rapport au protocole de formation de
base. Nous avons également constaté que les formations basées sur
la rétroaction et sur les étiquetage produisaient des taux de biais
considérablement inférieurs (par ex., les apprenants de ces groupes
étaient moins susceptibles de manquer les paires appariées) par
rapport aux formations de base. Nos résultats présentent trois
différentes façons de renforcer l’expertise en matière
d’appariement d’empreintes digitales et ont une application directe
sur la formation de l’expertise perceptuelle.
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transfert, sciences judiciaires.
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