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Forensic facial identification examiners are required to match the identity of

faces in images that vary substantially, owing to changes in viewing conditions

and in a person’s appearance. These identifications affect the course and out-

come of criminal investigations and convictions. Despite calls for research on

sources of human error in forensic examination, existing scientific knowledge

of face matching accuracy is based, almost exclusively, on people without

formal training. Here, we administered three challenging face matching tests

to a group of forensic examiners with many years’ experience of comparing

face images for law enforcement and government agencies. Examiners outper-

formed untrained participants and computer algorithms, thereby providing

the first evidence that these examiners are experts at this task. Notably, com-

putationally fusing responses of multiple experts produced near-perfect

performance. Results also revealed qualitative differences between expert

and non-expert performance. First, examiners’ superiority was greatest at

longer exposure durations, suggestive of more entailed comparison in forensic

examiners. Second, experts were less impaired by image inversion than non-

expert students, contrasting with face memory studies that show larger face

inversion effects in high performers. We conclude that expertise in matching

identity across unfamiliar face images is supported by processes that differ

qualitatively from those supporting memory for individual faces.
1. Introduction
Proliferation of CCTV, mobile image capture and face recognition technology

entails a critical role for facial images in modern forensic identification. As a

result, facial image comparison is a major source of evidence in criminal investi-

gations and trials [1,2], and wide deployment of automatic recognition systems

over recent years has been accompanied by substantial gains in reliability [3].

Importantly, forensic applications of this biometric software—as with automatic

fingerprint recognition systems—are configured to provide lists of potential

matches according to the computed scoring metric. For final identity judgements,

such as those provided as evidence in court, trained facial forensic examiners

adjudicate suspected matches [1,2,4]. Given this reliance, and evidence of

DNA-based exonerations owing to errors in forensic judgements [5], there is a

pressing need for research that can benchmark the skills of examiners relative

to untrained humans and computer-based face recognition systems [6].

There is striking evidence that untrained individuals perform poorly on the

apparently straightforward task of matching the identity of an unfamiliar face

across two different images [7–11]. Even under optimal matching conditions

in laboratory tests conducted using images that are taken on the same day, in

the same neutral pose, and under similar environmental conditions; error

rates for untrained individuals are in the range of 20–30% [8,9]. In suboptimal

capture conditions when environmental factors are unconstrained, such as

when matching between CCTV footage and high-quality mug-shots, perform-

ance can approach chance [10]. Moreover, in field tests conducted outside of the
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Figure 1. Examples of image pairs from the GFMT, PICT and EFCT. Images in the GFMT were all taken on the same day and under very similar lighting conditions,
whereas images from the PICT and EFCT were captured in diverse ambient conditions and over a longer time period. For details of test construction, please refer to
Methods. (Online version in colour.)
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laboratory, professional police officers and passport officers

make the same number of face matching errors as standard

groups of student participants [10,11], despite performing

face matching as part of their daily work.

Here, we assessed perceptual expertise in facial image com-

parison by developing and administering a battery of tests to

an international group of forensic facial examiners. Small-

scale studies have recently reported higher identification

accuracy in court practicing facial image examiners [12,13],

but are limited by use of unstandardized tests containing

small numbers of image comparisons. Inconsistency across

experiments also raises the possibility that group performance

is specific to the workplaces tested. To ensure that experts rep-

resented the highest global standards in forensic image

comparison, we approached organizers of the Facial Identifi-

cation Scientific Working Group (FISWG; www.fiswg.org).

The May 2014 meeting of this group was held in the FBI acad-

emy in Quantico, Virginia, and presented a unique

opportunity to test an international group of facial forensic

examiners with rigorous training and many years of pro-

fessional experience identifying unfamiliar faces (henceforth

examiners). As comparison groups, we tested the FISWG meet-

ing attendees who do not perform forensic facial examination

as part of their daily work, but were attending the meeting

as managers, technical experts or administrators in biometric

systems (controls). Because people in this group were knowl-

edgeable of the types of training used for forensic examiners

and difficulties associated with unfamiliar face matching [14],

we also tested untrained university students, representing the

most commonly tested cohort in previous research (students).

In all tests, participants decided if pairs of images were of

the same identity or of two different identities. We mapped

expert performance to established human accuracy using

a standard psychometric test of unfamiliar face matching

ability—the Glasgow Face Matching Test (GFMT) [9]—and

created two new tests to benchmark forensic examiners against

both human and state-of-the-art algorithm-based matching per-

formance. Tests were designed to be sufficiently challenging for

examiners, and representative of the types of decisions encoun-

tered in daily work (see figure 1 for example images). To create

the Expertise in Facial Comparison Test (EFCT), we selected

pairs of images for identity comparisons that were challenging

for computers and untrained humans based on data from pilot

work and previous evaluations of human and computer face

matching performance [15,16]. Image pairs in the Person Identi-

fication Challenge Test (PICT) included body cues and were
selected to have no computationally useful identity information

in the face, as indicated by the fact that leading algorithms make

100% errors on this set [17] (for details of test construction,

please refer to Methods).

The FISWG meeting was a unique opportunity to address

a key theoretical question in the study of face identification.

Decades of research have shown that, relative to other classes

of objects, face recognition is a skill for which humans are

experts. Because face recognition in the general population

is disproportionately impaired by inverted presentation

compared with other objects [18], the face inversion effect

(FIE) has been taken as an index of this expertise [18–21].

This view is bolstered by evidence that FIE (i) increases as

face processing abilities improve with development [19,20],

(ii) is weaker in people with impairments in face identifi-

cation ability [22,23] and (iii) is stronger in those with

exceptionally good face processing ability [23]. However,

this evidence is almost entirely based on face memory

tasks. In facial image comparison tasks performed by forensic

examiners, it has been proposed that different mechanisms

are recruited [24] and so it is not clear whether expertise of

facial examiners will be indexed by FIEs. To test this, we

included an inverted face matching test in the EFCT.

To probe the nature of expertise in face matching further,

we manipulated exposure duration of image pairs in identity

comparisons. Previous research suggests that 2 s is optimal

for face matching decisions in untrained participants [25],

but training in forensic facial examination emphasizes careful

comparison and effortful analysis of facial images prior

to identification decisions [14]. Thus, we predicted that the

accuracy of the forensic experts would be superior to the con-

trols and students on the longer (30 s), but not the shorter

exposure times (2 s).
2. Results
Aggregated results across tests confirmed expertise of the facial

examiners (figure 2 summarizes GFMT and PICT results and

figure 3 summarizes EFCT). The rank order of identification

performance for examiners, controls and students was stable

for all results. In all experimental conditions, across the three

tests (GFMT; EFCT: 2 s upright, 2 s inverted, 30 s upright, 30 s

inverted; and PICT), accuracy was ranked as follows:

examiners . controls . students. The consistency of this order

proved statistically reliable (examiners . controls, Wilcoxon
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Figure 2. (a) Mean percentage correct (+1 s.e.) for experimental groups in the GFMT. (b) PICT performance is plotted as average area under the receiver operating
characteristic (ROC) curve. Mean normative accuracy in the GFMT is indicated by the dashed line.
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Figure 3. Analysis of EFCT results. (a) Mean ROC scores for three groups on the EFCT (+1 s.e.). (b) Significant interactions in EFCT data. Simple main effects
revealed stronger effects of group in 30 s compared with 2 s exposure durations (left). In addition, there was a significant interaction between group and orientation
(right). (c) Contrary to hypotheses based on FIEs in memory tasks, inversion effects are larger for students than for experts. Details of analysis are provided in
the text.
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sign test, t5 ¼ 4.85, p ¼ 0.0313; controls . students, t5 ¼ 4.85,

p ¼ 0.0313), showing a general superiority of forensic examiners

across tests.

(a) Glasgow Face Matching Test
To map performance of experimental groups to the population

at large, we compared performance on the GFMT with norma-

tive data for the test [9]. Mean GFMT scores for the three

groups are shown in figure 2. Accuracy of examiners excee-

ded normative, control and student accuracy (t219 ¼ 6.35,

p , 0.0001, Cohen’s d ¼ 0.858; t39 ¼ 2.34, p , 0.05, Cohen’s

d ¼ 0.749; t57 ¼ 4.09, p , 0.05, Cohen’s d ¼ 1.08). Performance
of control participants also exceeded normative accuracy

(t206 ¼ 2.77, p ¼ 0.006, Cohen’s d ¼ 0.385), but performance

did not differ significantly between controls and students

(t44 ¼ 1.51, p . 0.05, Cohen’s d ¼ 0.455). Student performance

did not differ significantly from normative accuracy scores

(t224 ¼ 1.14, p . 0.05, Cohen’s d ¼ 0.1). As far as we are

aware, experts and controls are the only groups reported to

have exceeded normative accuracy on the GFMT.

(b) Person Identification Challenge Test
To analyse scores on the PICT, for each participant we com-

puted the area under the receiver operator characteristic

http://rspb.royalsocietypublishing.org/
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(aROC). Summary aROC scores are shown in figure 2. Scores

were analysed by ANOVA with group (student, control, exam-

iner) as a between-subjects factor. There was a significant main

effect of group (F2,70 ¼ 4.89, p ¼ 0.01, h2
p ¼ 0:122). Contrast

analyses indicated that examiners performed more accurately

than students (F1,70 ¼ 9.66, p ¼ 0.003, h2
p ¼ 0:121). Differences

between examiners and controls (F(1,70) ¼ 1.06, p ¼ 0.307,

h2
p ¼ 0:015), and between controls and students (F1,70) ¼ 2.18,

p ¼ 0.144, h2
p ¼ 0:030), were non-significant.

(c) Expertise in facial comparison test
The EFCT was designed to test three key predictions. First,

examiners would be more accurate than both other groups.

Second, this advantage would only be observed in conditions

that enabled careful examination of image pairs (i.e. 30 s

exposure). Third, owing to perceptual expertise comparing

upright facial images, the examiner group would show

larger inversion effects compared with controls and students.

We computed aROC scores individually for each partici-

pant (figure 3a). Scores were submitted to a 2 � 2 � 3

ANOVA with exposure time (2, 30 s) and orientation (upright,

inverted) as within-subject factors and group (student,

control, examiner) as a between-subjects factor. Significant

main effects were found for exposure time, orientation and

group (F1,70 ¼ 176.33, p , 0.0001, h2
p ¼ 0:716; F1,70 ¼ 341.07,

p , 0.0001, h2
p ¼ 0:83; F2,70¼ 14.54, p , 0.0001, h2

p ¼ 0:293).

In line with our second prediction, there was a significant

interaction between group and exposure time (F1,70 ¼ 4.82,

p ¼ 0.0109, h2
p ¼ 0:121). In addition, we observed a statisti-

cally significant interaction between group and orientation

(F1,70 ¼ 4.02, p ¼ 0.022, h2
p ¼ 0:103). The three-way interaction

was non-significant (F , 1). Significant interactions are plotted

in figure 3b.

For the group and exposure time interaction, simple

main effects tests revealed group effects at both shorter and

longer exposure times (F2,70¼ 14.55, p , 0.0001, h2
p ¼ 0:294;

F2,70¼ 46.66, p , 0.00001, h2
p ¼ 0:571), but these effects were

more pronounced when participants had more time to examine

each image pair. In the 2 s condition, examiners performed

more accurately than students (F1,70¼ 27.02, p ¼ 0.00001,

h2
p ¼ 0:279), but did not differ from the controls. In the 30 s con-

dition, the examiners were more accurate than the controls

and students (F1,70¼ 9.28, p ¼ 0.003, h2
p ¼ 0:117; F1,70¼ 91.83,

p , 0.0001, h2
p ¼ 0:567), supporting the prediction of greater

differentiation of the examiners from the other groups, when

they had more time to examine the image pairs.

To examine the group and orientation interaction, we col-

lapsed across study duration (figure 3b). Simple main effects

tests revealed significant effects of group for both inverted

and upright faces (F2,70 ¼ 50.38, p , 0.00001, h2
p ¼ 0:59;

F2,70¼ 18.18, p , 0.0001, h2
p ¼ 0:342). This interaction is con-

sistent with differences in the size of the FIE across groups.

Because the FIE is an established index of perceptual expertise,

we predicted a larger inversion effect for the more accurate par-

ticipant groups (i.e. examiner FIE . control FIE . student

FIE). A cursory examination of the data proved inconsistent

with that prediction. We examined this further by computing

FIE strength (aROC upright – aROC inverted) for each partici-

pant, in each exposure duration condition. A 2 � 3 ANOVA

with study duration (2, 30 s) as a within-subject factor and

group (student, control, examiner) as a between-subjects

factor revealed a significant main effect of group (F2,70 ¼ 4.02,

p ¼ 0.022, h2
p ¼ 0:103). Means for these difference scores
appear in figure 3c and show stronger FIE for students than

for examiners (F1,70 ¼ 7.68, p ¼ 0.007, h2
p ¼ 0:099) opposite to

predictions based on the perceptual expertise hypothesis. Con-

trasts between students and controls (F1,70 ¼ 2.53, p ¼ 0.116,

h2
p ¼ 0:036), and between examiners and controls (F1,70¼

0.425, p ¼ 0.517, h2
p ¼ 0:036), were non-significant.

(d) Fusion analysis
In forensic practice, to assure consistency and consensus, it is

common for multiple examiners to repeat a single comparison

judgement. To model the effectiveness of this process, we con-

ducted simulations to ‘fuse’ or combine judgements at the level

of individual image pairs. The simulations followed previous

work showing that aggregating the judgements of multiple

participants improves identification accuracy [26,27]. We

focused on data from the 30 s upright EFCT as this experi-

mental condition most closely resembles working practice of

forensic examiners; however, we also carried out these

simulations with the PICT and found comparable results.

Effects of aggregation were calculated separately for each

group (students, controls, examiners) by resampling partici-

pants’ identity ratings (i.e. from 1 ¼ sure same to 5 ¼ sure

different) for 84 image pairs. We randomly sampled n partici-

pants from within a group and averaged their responses for

each image pair separately. This sampling procedure was

repeated 100 times for each value of n, and accuracy was

computed at each iteration by calculating the group aROC.

Aggregate accuracy for a given sample size was measured

as the average aROC across all iterations. We report results

for aggregate sample sizes that vary from 1 to 14 participants,

with the upper limit dictated by the smallest group of partici-

pants (for controls, by definition, all iterations of sample size

14 include the entire group).

Figure 4 shows the aggregation effect as a function of par-

ticipant sample size and serves as a practical guide to the

performance benefit that can be expected by combining iden-

tity judgements across participants. Closer inspection of

results with smaller n shows substantial improvements

in accuracy as additional judgements were aggregated.

Comparisons highlight differences in the relative value of

participants according to group. That is, one examiner

(0.936) is roughly equal to two controls (0.946) or four stu-

dents (0.942). With only one subject, examiner performance

surpassed control performance in 62% of the 100 iterations,

and controls surpassed student performance in 79% of the

iterations. As sample size increased, however, aggregated

judgements from examiners were more likely to surpass con-

trols and aggregated judgements by controls were more likely

to surpass student decisions. At the maximum sample size,

examiners surpassed controls in 99% of the iterations and

controls surpassed students in 91% of the iterations. The

bars in the bottom of figure 4 have this analysis for all

participant sample sizes.

So, although examiner performance did not reach ceiling

levels at 30 s exposures when computing performance

measures at the individual level, these limits were largely over-

come by response aggregation—which produced near-perfect

accuracy and revealed a highly stable performance advantage

for professional examiner groups. Given the highly challenging

nature of the images used in the EFCT, this suggests that a

fusion approach can help support identification decisions in

forensic practice.

http://rspb.royalsocietypublishing.org/
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3. Discussion
In this study, we report the first systematic assessment of face

matching performance by a diverse group of international

forensic examiners. The rank order of identification perform-

ance in all six experimental tests placed examiners over

controls and students, and examiner performance exceeded

normative levels established in previous studies [9]. Although

examiners’ performance was not statistically superior to con-

trols in all experiments, it was always statistically superior to

the student performance. To the best of our knowledge, this is

the first convincing demonstration of a professional group

showing higher accuracy on face matching tasks.

Closer analysis also revealed two qualitative differences

between examiners and non-expert groups. First, examiners’

superiority was not specific to longer exposures but was

also observed when permitted just 2 s per comparison in

the EFCT, suggesting that expertise improved intuitive as

well as considered judgements. Differences between groups

were most pronounced with 30 s exposure, however, pointing

to a more entailed and effective identity examination process

by examiners than by less experienced participants. This con-

trasts with accounts of perceptual expertise in radiographers

[28] and fingerprint examiners [29], where expertise appears
primarily driven by a shift in perceptual strategy towards

fast and global image analysis [30]. Consistent with the train-

ing forensic examiners receive [14], our results suggest an

opposing trajectory of expertise in forensic facial image com-

parison characterized by a transition towards controlled and

effortful analysis.

Second, inverting images produced less impairment in

examiners compared with students. This is perhaps surprising,

as it is not entirely consistent with the expertise hypothesis

of face processing, which predicts increasing impairment as

perceptual expertise develops [19,20]. This finding can be

reconciled, however, with existing evidence that unfamiliar

face matching may rely on separate processes to those support-

ing face memory. For example, individual differences in

unfamiliar face matching accuracy are not predicted by accu-

racy in face memory tasks [9,24]. Our results extend this

work, suggesting that processes underlying expertise in unfa-

miliar face matching may be dissociable from those driving

expertise in face memory [20,31]. Because the expertise of for-

ensic examiners extended to images presented upside down,

our results are also consistent with the proposal that mechan-

isms supporting unfamiliar face matching performance may

not be entirely face-specific, but may instead reflect general

image comparison abilities [24].

http://rspb.royalsocietypublishing.org/
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To complicate this issue, deficits in face memory and percep-

tion have been associated with smaller FIEs [22,23], and people

with exceptional face processing ability show larger FIEs in both

memorial and perceptual tasks (Cambridge Face Perception

Test [23]). Our data show the opposite pattern. This raises the

additional possibility that visual expertise of forensic facial

examiners differs qualitatively from that which underpins face

processing in the population at large. This type of visual exper-

tise may be dissociable from that shown by high performers

with no specific training in facial image comparison. Given

the emphasis on feature-by-feature approaches to comparison

in professional training [14,32] and the interaction between

image inversion and expertise reported here, it is possible that

increased selective attention to facial features improves perform-

ance. Thus, future studies that examine benefits of part-based

comparison strategies and identify visual cues subsisting accu-

racy in forensic examiners promise to elucidate the

foundations of expertise in forensic comparison.

It is also important to note that control participants per-

formed very well despite not performing facial image

comparison in their daily work. As a group, control partici-

pants’ scores exceeded normative levels on the GFMT.

Moreover, in two tests, their performance did not differ statisti-

cally from examiners (EFCT 2 s exposure, PICT). This raises the

possibility that controls were more motivated than students,

and that examiners were more motivated than controls. Thus,

it is possible that differing levels of motivation might account

for performance differences across groups. Indeed, in any test

where groups of observers from different backgrounds are

compared, motivation may differ across groups and affect

performance. Here, we think it possible, and even likely, that

students, controls and examiners differed in their ‘self-

investment’ in the results, and thereby in their motivation to

perform well. Previous research suggests, however, that

benefits of motivation alone are limited. Two different tests

of police and passport officers reported equivalent levels of

face matching accuracy to untrained students [10,11], despite

a clear motivation for these groups to perform well. Moreover,

in the present study, controls did not surpass professionals in

all tests. For example, examiners performed more accurately

in the EFCT test, but only at the longer exposure duration,

when the test conditions supported the employment of the

special skills and experience of the examiners.

Nevertheless, it will be important in future work to estab-

lish the relative contribution of natural ability, motivation,

experience and training to expertise in forensic examination.

As is typical in studies of expert populations [33], separating

their contributions to the emergence of expertise is proble-

matic, and so longitudinal studies of forensic professionals

may be necessary to address this important question. Decou-

pling the influence of these factors will aid development of

recruitment and training methods for forensic examination.

It is also important when evaluating forensic evidence pro-

vided in the courtroom, where accurate assessments of

expertise are critical in establishing the appropriate weight

to be given to identity judgements [34]. For now, qualitative

differences in examiner performance suggest that differences

in cognitive processing contribute to their superior accuracy.

Finally, although forensic facial examiners performed

more accurately than the control and student groups, perfect

performance was not attained on any test, with average mis-

classification rates of around 7% on both the EFCT (30 s

upright) and GFMT. Because these were strictly perceptual
tests, examiners were not permitted unlimited time or access

to digital tools that would support decisions in daily work.

Further, participants made identity judgements on a Likert

scale that may not reflect normal reporting of identity judge-

ments in forensic practice. In a recent study of professional

fingerprint examiners, participants could skip comparison

decisions on the basis that they did not provide sufficient evi-

dence for identification [35]. Although this approach inhibits

the measurement of underlying perceptual skill [35,36], these

types of decisions are critical in minimizing costly workplace

errors, and recent work suggests that forensic examiners are

skilled in these types of judgements [11]. Thus, our results pro-

vide an estimate of the perceptual abilities of facial forensic

examiners that can serve as a benchmark for future tests

of identification accuracy in standard forensic practice, and

for computer-based face recognition systems that support

this practice.
4. Methods
(a) Participants
Three groups of participants completed each test; we refer to

these groups as examiner, control and student. The examiner

and control groups comprised 41 volunteers (19 females; mean

age ¼ 42.4, s.d. ¼ 9.9) who attended the FISWG meeting in

May 2014. The role of FISWG is to create policy for best practices

in facial image comparison and training. Each participant in

these two groups completed a questionnaire designed to assess

their professional experience and training in forensic and facial

examination. The examiner group consisted of 27 FISWG atten-

dees who stated that they regularly performed facial

examination as a part of their employment (average years

experience ¼ 7.3, s.d. ¼ 5.8; average hours per week ¼ 11.8,

s.d. ¼ 12.1). The remaining 14 attendees were also government

employees. Although this group was relatively small, they pro-

vided a valuable control group and so we tested them in the

same experimental session. A detailed comparison of the demo-

graphics of the examiner and control groups was not possible

because of requirements to protect the anonymity of participants.

Thus, it was not possible to match groups on age. Although we

have no reason to suspect that these groups differed in average

age characteristics, previous large-scale studies have found that

age of participants is not correlated with accuracy on perceptual

face matching tasks [9].

Students represent the most commonly tested population in

unfamiliar face matching experiments. Thus, we expected that stu-

dent performance should approximate levels of performance

reported in the literature. We also expected students to be less

cognizant of task demands when compared with controls. The

controls were attending the FISWG meeting to create policy docu-

ments outlining ‘best practice’ in facial identification, and so we

anticipated somewhat better performance from the controls than

from the students based on their inherent interest in the task.

Students were undergraduates at the University of New South

Wales (n ¼ 32; 19 females, average age 21.4, s.d. ¼ 5.76).

Participants completed the tests in the following order: EFCT

with 2 s exposures (upright block, then inverted block), PICT,

GFMT and then the EFCT again with 30 s exposures (upright

block, then inverted block). All tests were administered on

laptop computers. Example image pairs from each test are

shown in figure 1.

(b) Glasgow Face Matching Test
The GFMT is a psychometric test designed to evaluate an indi-

vidual’s ability to match identity across images of unfamiliar

http://rspb.royalsocietypublishing.org/
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faces [9]. Stimuli for the short version GFMT consisted of 20

same- and 20 different-identity image pairs. Same-identity

pairs show two images of the same person taken under similar

lighting conditions, on the same day, but using different digital

cameras. For different-identity pairs, one of these images was

paired with a similar-looking person from the database, so that

each identity appears once in a same-identity pair and once in

a different-identity pair. For each image pair, participants

responded ‘same’ or ‘different’ identity. The task was self-

paced, and image pairs remained on the computer monitor

until participants made their response, at which point the next

image pair was presented.

(c) Person Identification Challenge Test
The stimuli for the PICT were sampled from those used in a

recent study that compared human and computer algorithm per-

formance on a special set of image pairs for which machine

performance in the face recognition vendor test [15] was 100%

incorrect [17]. Specifically, similarity scores computed between

same-identity faces were uniformly lower than those computed

for the different-identity image pairs, suggesting that they con-

tain no computationally useful identity information in the face.

Interestingly, in a recent study, untrained observers achieved

above-chance identification accuracy for these image pairs

owing to non-face identity cues from the body [17]. We included

this as a test of person identification ability for a set of image

pairs for which face recognition software fails.

We sampled 40 pairs of images (20 same-identity pairs) from

this dataset for the PICT. Participants were presented pairs in a

random order and the image pairs remained on the screen

until the participant’s response was registered. Response options

were as follows: (i) sure they are the same person; (ii) think

they are the same person; (iii) do not know; (iv) think they are

different people; and (v) sure they are different people. After

participants made a response, the next image pair was presented.

(d) Expertise in Facial Comparison Test
In designing the EFCT, our goal was to measure performance of

examiners with image pairs that challenge both computer face

recognition systems and untrained observers. We selected images

from The Good, the Bad and the Ugly Challenge [15], an image

dataset containing images from diverse and unconstrained ambient

conditions. This dataset was specifically designed to test state-of-

the-face recognition algorithms under challenging environmental

conditions, and contains frontal views of faces, taken with minimal

control of illumination, expression and appearance.
First, image pairs (n ¼ 1 177 225) were ranked according to

machine performance using a fusion of top-performing algor-

ithms in the Face Recognition Vendor Test, an international

benchmarking test for leading face recognition algorithms [15].

Images were then stratified according to match score data into

three subsets based on item accuracy: easy (the Good), moderate

(the Bad) or poor (the Ugly). For the ECFT, we choose only image

pairs from the Bad and Ugly portions of this dataset. Second,

performance of untrained human observers on a sample (n ¼
480) of the challenging items [16] was used as the basis for a

second selection. We combined these data with unpublished stu-

dent performance on the same test, and recalculated item

performance for only the highest-performing 25% of participants.

Items on which 8% or more of high-performing participants

made errors were selected for the EFCT.

Participants completed the EFCT with upright and inverted

image pairs in two conditions that varied by exposure time. The

same image pairs were tested in 2 s and 30 s exposure time con-

ditions. Because PICT and GFMT were administered between

the 2 s and 30 s conditions, there was a gap of roughly 1 h bet-

ween the 2 s and 30 s EFCT tests. For each trial, images remained

visible for the prescribed exposure duration (2 or 30 s), and then dis-

appeared. Response options were as follows: (i) sure they are the

same person; (ii) think they are the same person; (iii) do not

know; (iv) think they are different people; and (v) sure they are

different people. Participants could enter a response at any time

during the image display or after the image pair disappeared.

The next trial followed immediately. In total, the EFCT consisted

of 168 image pairs (half same-identity, half different-identity),

with half of these allocated to the upright test and half to the

inverted test.
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