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Abstract

Background: Unfamiliar face processing is an ability that varies considerably between individuals. Numerous
studies have aimed to identify its underlying determinants using controlled experimental procedures. While such
tests can isolate variables that influence face processing, they usually involve somewhat unrealistic situations and
optimized face images as stimulus material. As a consequence, the extent to which the performance observed
under laboratory settings is informative for predicting real-life proficiency remains unclear.

Results: We present normative data for two ecologically valid but underused tests of face matching: the Yearbook
Test (YBT) and the Facial Identity Card Sorting Test (FICST). The YBT (n = 252) measures identity matching across
substantial age-related changes in facial appearance, while the FICST (n = 218) assesses the ability to process
unfamiliar facial identity despite superficial image variations. To determine the predictive value of both tests, a
subsample of our cohort (n = 181) also completed a commonly used test of face recognition and two tests of face
perception (the long form of the Cambridge Face Memory Test (CFMT+), the Expertise in Facial Comparison Test
(EFCT) and the Person Identification Challenge Test (PICT)).

Conclusions: Focusing on the top performers identified independently per test, we made two important
observations: 1) YBT and FICST performance can predict CFMT+ scores and vice versa; and 2) EFCT and PICT scores
neither reliably predict superior performance in ecologically meaningful and challenging tests of face matching, nor
in the most commonly used test of face recognition. These findings emphasize the necessity for using challenging
and ecologically relevant, and thus highly sensitive, tasks of unfamiliar face processing to identify high-performing
individuals in the normal population.

Keywords: Superior face processing ability, Face perception, Face matching, Face discrimination, Face recognition,
Natural image variations

Significance Statement
How do humans process unfamiliar faces, and how can
we reliably identify individuals that are most proficient
at it? Motivated by its relevance in applied contexts, re-
cent empirical work has sought to answer these ques-
tions. Controlled laboratory tests have been developed to
understand the contribution of different variables and
differences between observers. However, face processing
tests involving face stimuli derived from ideal and highly
controlled manipulations may not accurately represent
real life. This crucial consideration is often overlooked
when laboratory tests are used to predict real-life

proficiency. The present study followed the rationale
that traditionally used controlled tests should be paired
with more realistic and ecologically meaningful ones, in
terms of the images used and tasks performed. Testing
large and heterogeneous samples, we standardized two
less frequently used tests of facial identity matching: the
Yearbook Test (YBT) and the Facial Identity Card Sort-
ing Test (FICST). These procedurally simple tests mimic
real-life challenges in face perception as they assess un-
familiar facial identity matching across superficial image
changes, or substantial age-related changes in facial ap-
pearance. Beyond providing normative data, we describe
how performance measured by these tests relates to that
observed on more commonly used tests of face recogni-
tion (the long form of the Cambridge Face Memory Test
(CFMT+)) and perception (the Expertise in Facial
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Comparison Test (EFCT) and the Person Identifica-
tion Challenge test (PICT)). Our findings suggest that:
1) the YBT and FICST are easy to use and are prefer-
able alternatives to pairwise face-matching tasks
which are more prone to speed–accuracy trade-offs
and/or ceiling effects; and 2) challenging and eco-
logically meaningful tests should complement highly
controlled measures when aiming to identify individ-
uals with superior face processing abilities for real-life
purposes.

Background
In our everyday lives, we effortlessly process constantly
changing facial information. The commonly accepted no-
tion that it is performed in a highly proficient manner un-
derlies a vast body of research and, for the most part, it
coincides with our own personal experiences. However, an
increasing number of studies is challenging the idea that
face processing is generally highly proficient. Extremely
high performance levels are observed in particular for the
processing of faces of individuals encountered repeatedly in
everyday life—those that are personally familiar to us (for a
review see Ramon & Gobbini, 2018). For unfamiliar faces,
on the other hand, our ability to process facial identity is
comparably more prone to error (e.g., Bruce, Henderson,
Newman, & Burton, 2001; Burton, Wilson, Cowan, &
Bruce, 1999; Hancock, Bruce, & Burton, 2000; Jenkins &
Burton, 2011; Jenkins, White, Van Montfort, & Burton,
2011; Megreya & Burton, 2006; Ramon & Gobbini, 2018;
Ramon & Van Belle, 2016; Young & Burton, 2017) and var-
ies considerably between individuals (e.g., Bate & Dudfield,
2019; Bate, Portch, Mestry, & Bennetts, 2019; Bruce, Binde-
mann, & Lander, 2018; Fysh, 2018; White, Kemp, Jenkins,
Matheson, & Burton, 2014).
Decades of research has focused on studying normal

face processing skills, as well as individuals exhibiting
deficient face processing abilities (i.e., developmental
prosopagnosia; for a recent review see Geskin &
Behrmann, 2018). However, more recently increasing
interest has been directed toward individuals with re-
markable face processing abilities—so-called super-
recognizers (SRs; e.g., Ramon, Bobak, & White, 2019a,
2019b). Understanding superior face processing skills
is important from both a fundamental scientific as
well as an applied perspective. Theoretically, this work
has led to face processing being considered as a spectrum
rather than supporting a dichotomous distinction between
normal and dysfunctional abilities (Russell, Duchaine, &
Nakayama, 2009). From a practical perspective, investiga-
tion of the abilities of SRs can provide valuable informa-
tion for the optimization of automatic face processing or
deployment of personnel in security-critical settings
(Ramon et al., 2019a, 2019b), such as criminal investiga-
tion (Ramon, 2018a).

However, a fundamental challenge continues to exist:
How do we reliably identify high performing individuals
within the general population? Addressing this issue re-
quires consideration of aspects that have been expressed
by scientists and practitioners alike (cf. Bate et al., 2019;
Moreton, Pike, & Havard, 2019; Ramon et al., 2019a,
2019b; Robertson & Bindemann, 2019). Two major fac-
tors are: 1) assessment of different subprocesses or pro-
cessing levels in face cognition (Ramon et al., 2019a;
Ramon & Gobbini, 2018); and 2) the degree to which
this process-dependent behavior observed experimen-
tally translates into extremely varied and constantly
changing applied settings (cf. e.g., Bate et al., 2019;
Ramon, 2018a). These two factors are discussed below.

Assessment of face perception versus recognition:
procedural considerations
Concerning the first factor, distinct subprocesses in-
volved in face cognition can be investigated through spe-
cific tasks that are (ideally) designed to capture them in
a reliable manner. In the context of unfamiliar face pro-
cessing, the most commonly assessed processes include
face perception and face recognition. These are separate
processes that require careful terminological distinction
(cf. Ramon, 2018a; Ramon et al., 2019a; Ramon & Gob-
bini, 2018) and should not be used interchangeably or
considered analogous to other processes (such as face
identification; see Noyes, Hill, & O’Toole, 2018; Phillips
et al., 2018).
Tests of face perception can involve simultaneous

matching (or discrimination) among image pairs
(e.g., Fysh, 2018; Ramon & Rossion, 2010), triplets
(e.g., Barton, Press, Keenan, & O’Connor, 2002;
Busigny, Joubert, Felician, Ceccaldi, & Rossion,
2010), 1-to-n matching scenarios (e.g., Bruce et al.,
1999; Pachai, Sekuler, Bennett, Schyns, & Ramon,
2017; Rezlescu, Pitcher, & Duchaine, 2012), or can
comprise delayed matching (e.g., Ramon, Busigny, &
Rossion, 2010; Ramon & Van Belle, 2016). In the
context of such laboratory-based face perception
tests, consideration of both accuracy and reaction
times (RTs) is necessary to accurately characterize
individual face processing abilities. This is especially
important for tests that 1) involve behavioral deci-
sions recorded for individual trials with long or un-
limited duration, and/or 2) are insufficiently
calibrated to clear two standard deviations from the
control mean (e.g., the Glasgow Face Matching Test
(GFMT); Bate et al., 2018; Bobak et al, 2016a; Bur-
ton, White, & McNeill, 2010; Fysh, 2018; Fysh &
Bindemann, 2018; Robertson et al., 2016; White,
Phillips, Hahn, Hill, & O’Toole, 2015). To illustrate,
time-consuming piecemeal matching strategies may
enable normal performance levels in terms of
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accuracy even in highly impaired clinical popula-
tions, such individuals suffering from prosopagnosia
(cf. Marotta, McKeeff, & Behrmann, 2002; White,
Rivolta, Mike Burton, Al-Janabi, & Palermo, 2017).
Tests of face recognition involve intentional learning of

previously unfamiliar identities, which are later recognized
as “old” among novel ones (e.g., Bate et al., 2018; Bobak
et al., 2016b; Russell et al., 2009). In the context of such
face recognition tests, where encoding duration is classic-
ally predetermined, longer decision times cannot compen-
sate for an inefficiently encoded face stimulus. Given the
decreased likelihood of speed–accuracy trade-offs in face
recognition tests, RTs are oftentimes not considered (e.g.,
Blais, Jack, Scheepers, Fiset, & Caldara, 2008).
To summarize, while face perception is usually

assessed via matching of faces presented simultaneously,
face recognition involves distinguishing experimentally
learned identities from entirely novel ones. Importantly,
observers can differ in their unique abilities exhibited
across these distinguishable subprocesses (Fysh, 2018).
Consequently, a comprehensive empirical understanding
of the face processing abilities of individuals requires as-
sessment across various levels of processing. In applied
settings, on the other hand, this may not be required as,
depending on the area of intended deployment, assess-
ment of an ability confined to a specific type of task
might be entirely sufficient (Bate et al., 2019; Moreton
et al., 2019; Robertson & Bindemann, 2019).

Relationship between performance in the laboratory and
the real world
The second factor concerns the relationship between ex-
perimentally observed process-dependent behavior and
skills that are relevant in extremely varied and constantly
changing real-life settings (Moreton et al., 2019; Ramon
et al., 2019a, 2019b). For the majority, empirical studies
aim to characterize different aspects of face processing
in a highly controlled manner. For instance, psychophys-
ical studies of identity matching have been conducted to
better understand the specific contribution of certain
controllable factors—for example, low spatial frequency
information or orientation tuning (Pachai, Sekuler, &
Bennett, 2013; Pachai et al., 2017; Watier & Collin, 2009;
see also Papinutto, Lao, Ramon, Caldara, & Miellet,
2017). Notwithstanding the informative theoretical value
of evidence provided through such rigorous experiments,
the degree to which they characterize or reflect real-
world proficiency in facial identity processing remains
unknown (Ramon et al., 2019a, 2019b).
Indeed, other tests have been designed with the

intention of assessing behavior that is pertinent to real
life. One frequently used paradigm involves simultan-
eous identity matching in a two-alternative forced-
choice (2AFC) scenario. This is thought to parallel

identity verification at, for example, a passport control
point where naturally occurring variation in ambient im-
ages is known to affect performance (Burton et al., 1999;
Megreya & Burton, 2006). Unfortunately, some of the
tests used to identify SRs (e.g., the GFMT) lack sensitiv-
ity, making them inappropriate to identify highly profi-
cient face processing abilities (Bobak et al., 2016b;
Ramon et al., 2019a, 2019b). This situation is further ex-
acerbated by two additional aspects. First, 2AFC para-
digms, including for example the Expertise in Facial
Comparison Test (EFCT) and the Person Identification
Challenge Test (PICT) (White et al., 2015), have been
used to further probe individual differences in face
matching (Phillips et al., 2018). Although developed to
assess performance under challenging situations (White
et al., 2015), the EFCT and PICT involve face matching
under optimal viewing conditions, in other words using
full-frontal face images—a necessary requirement to
meet the original goal of comparing human and machine
performance (Phillips & O'Toole, 2014). Additionally, as
they require observers to make simple same/different de-
cisions, they involve a constant probability of correct re-
sponses on a trial-to-trial basis. Most importantly,
however, the “pedestrian notion” of speed–accuracy
trade-offs (Heitz, 2014; see also Luce, 1986) is commonly
not considered; observers can obtain high test scores at
the expense of prolonged RTs, which are not reported
when the EFCT and PICT are used (e.g., Phillips et al.,
2018; for a similar approach adopted in the context of
pairwise face-matching tests see also Bobak et al, 2016c;
Robertson et al., 2016).

The solution: standardization of challenging and
ecological valuable laboratory tests
In the context of identifying individuals that could pro-
vide a substantial contribution in applied settings, a
growing body of literature has expressed the need for
more ecological and challenging assessment of face pro-
cessing abilities (Bate et al., 2018, 2019; Lander, Bruce, &
Bindemann, 2018; Moreton et al., 2019; Ramon et al.,
2019a; Robertson & Bindemann, 2019). We aim to con-
tribute to filling this void concerning the assessment of
facial identity processing under both realistic and chal-
lenging conditions. To this end, we tested a large group
of individuals of all ages (N = 252) with previously re-
ported tests of facial identity matching. These tests tap
into invariance of facial representations by measuring fa-
cial identity matching ability across two dimensions that
are pertinent to real life challenges. The YBT (for exam-
ples see Fig. 1b) captures identity matching across sig-
nificant age-dependent changes in facial appearance (i.e.,
25 years; Bruck et al., 1991). The FICST (see Fig. 1a)
probes the ability of telling together and telling apart
identities across superficial image variations (lighting,
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make-up, hairstyle, etc.; Andrews, Jenkins, Cursiter, &
Burton, 2015; Jenkins et al., 2011). Because of the nature
of the tasks and face stimuli, these two tests mimic
real-world challenges in face processing. The YBT, for
instance, resembles the situation of encountering ac-
quaintances or friends after considerable time periods.
In a policing context, it might translate into scenarios
where comparison images of alleged criminals in a
line-up are dated and experts or witnesses are re-
quired to disregard age-related changes. The task and
face stimuli used in the FICST, on the other hand,
could resemble a situation where police officers are
required to determine whether footage from multiple
crime scenes depicts the same individual, or whether
image material viewed in the context of child abduc-
tion or abuse depicts the same victim(s). In this case,
face processing would not only be challenging due to
variation in image quality, but also due to potential
disguises, or time periods between image acquisitions
(Megreya, Sandford, & Burton, 2013). Additionally,
image ambiance is inherently larger in the FICST due
to the presence of 20 images per identity (versus two
in the PICT and EFCT), and in both the FICST and
YBT faces are depicted in greyscale and from different
viewpoints (as opposed to full-frontal color images in the
EFCT and PICT; see Fig. 1). Note that the EFCT and

PICT stimuli were presented in color. Finally, instead of
requiring simple same/different decisions between two
faces as in the EFCT and PICT, the FICST and YBT in-
volve a substantially greater number of possible responses.
In the FICST, participants are blind to the number of
identities portrayed in the 40 pictures they are supposed
to sort. In the YBT, observers have to match five target
pictures portraying young adults with the corresponding
five probe images, which are presented along with five dis-
tractors (Bruck et al., 1991). Consequently, the FICST and
YBT include a broader decisional space, which has been
experimentally shown to increase task difficulty (Ramon,
Sokhn, & Caldara, 2019; Ramon, Sokhn, Lao, & Caldara,
2018), and they also resemble more challenging real-world
situations beyond identity verification.
In light of the aforementioned considerations, the goal

of this study was twofold. We aimed to provide norma-
tive data for the YBT and FICST, which in our opinion
are more ecologically meaningful and challenging tests
of unfamiliar face matching (i.e., perception) than the
EFCT and PICT. Beyond this, we sought to determine
the relationship between performance measures pro-
vided by the YBT and FICST, as well as the EFCT and
PICT, with the most commonly used tool to assess face
cognition, the long form of the Cambridge Face Memory
Test (CFMT+; Russell et al., 2009). Note that, although

Fig. 1 Examples of stimulus material presented in the tests of face processing administered in this study. Observers completed tests of face
matching involving naturally occurring a image-related (FICST; Jenkins et al., 2011), or b aging-related variations (YBT; Bruck, Cavanagh, & Ceci,
1991). Additional measures included previously established tests of c, d face discrimination (EFCT and PICT; White et al., 2015), and e recognition
(CFMT+; Russell et al., 2009). Note that these illustrations are for demonstration purposes and may differ from the stimulus material used (detailed
descriptions are provided in the methods section). Consent/rights for publication obtained for individuals depicted
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the CFMT+ represents a test of face recognition, it re-
mains the most commonly used means to identify super-
ior face processing skills (cf. Bobak et al, 2016b; Noyes,
Phillips, & O'Toole, 2017; Ramon et al., 2019a).
To anticipate our findings, and in line with previous

work, our results demonstrate that facial identity match-
ing is considerably impacted by superficial image varia-
tions and age-related changes in appearance.
Importantly, across all tests of face perception reported,
which rely on simultaneous matching of facial identity
displayed in natural images (i.e., involve no memory
component), the EFCT and PICT were the least challen-
ging. Based on these observations, we advocate for in-
creased use of more challenging measures that involve
manipulations that are pertinent to real-life settings,
such as the YBT and FICST. Compared to 2AFC scenar-
ios, in these tests time-consuming strategies are less ef-
fective for achieving high-performance accuracy. The
conditions under which tools are developed (cf. EFCT
and PICT; probing face matching under ideal visual con-
ditions as required per dated automatic face processing
solutions) have to be carefully considered in combin-
ation with the real-life roles in which they are deployed
(for example, identity verification encountered by pass-
port control officers, doormen, or cashiers).

Methods
Participants
A total of 252 observers (150 females; age range 18–80
years) completed the aforementioned YBT. Of this co-
hort, 218 additionally completed the FICST. In addition
to the YBT and FICST, 181 observers completed the
CFMT+, EFCT, PICT, and Cambridge Face Perception
Test (CFPT). Detailed demographic information for each
sample is provided in Table 1. This entire cohort in-
cluded (under)graduate students from the University of

Fribourg who received course credit for participation as
well as individuals from a wide range of professional fields
and with varying levels of education (family, friends,
colleagues and acquaintances of the experimenters) who
participated voluntarily without compensation. All proce-
dures were approved by the local Ethics Committee and
conducted following the tenets of the Declaration of
Helsinki (Puri, Suresh, Gogtay, & Thatte, 2009). Written
informed consent was obtained from each participant.

Materials and procedures
Each observer completed the paper-based YBT; if par-
ticipation was not terminated, additional tests were ad-
ministered. These included the paper-based FICST, as
well as four computer-based tests (CFMT+, EFCT, PICT
and CFPT) which were completed (in randomized order)
using the standalone Java applications provided by the
authors of the original studies. Performance measures
were recorded in keeping with previously adopted proce-
dures, or involved additional measures (e.g., RT registra-
tion) as detailed below. Examples of stimulus material
presented in each experiment are displayed in Fig. 1.
Note that since, currently, the YBT and FICST are rela-
tively infrequently used, we provide a list of aspects re-
quiring careful consideration for appropriate application.

Tests of face perception standardized in this study
Yearbook Test
This test of face perception involves the original material
reported in Bruck et al. (1991), which differs from the
demonstration provided in Fig. 1. The YBT was origin-
ally designed to test recognition and identification of
personally familiar faces (former classmates from high
school) 25 years later at a high school reunion (Bruck
et al., 1991). We used this test as a measure of simultan-
eous unfamiliar face matching across age-related
changes in facial appearance. The material consists of
eight pages portraying images of same-gendered individ-
uals. On each page, five (younger) target identities are
depicted on the left, along with 10 probe images on the
right (see Fig. 1b). Probe images comprised the five tar-
get and foil identities of the same age (i.e., all 25 years
older than target identities), respectively. Images (220 ×
350 mm) included variations in viewpoint and depicted
paraphernalia and external cues. Contrary to the original
study (Bruck et al., 1991), none of the participants were
familiar with any of the depicted identities. Therefore,
participany4csxts were instructed to neglect the middle
columns designed for familiar face recognition and iden-
tification, and to simply indicate (by providing a num-
ber) which of the probe images corresponded to a given
target face. For each observer, we report the raw score
of correctly matched identities. Note that only 35 items
could be analyzed as the remaining five were not

Table 1 Demographic information for all samples reported

YBT only

Sample size (all/male/female) N = 252/101/151

Handedness (right/left/ambidextrous) 224/26/2

Mean age (SD), range (years) 29.0 (12.7), 18–80

FICST only

Sample size (all/male/female) N = 218/98/120

Handedness (right/left/ambidextrous) 195/21/2

Mean age (SD), range (years) 29.8 (13.1), 18–80

All tests

Sample size (all/male/female) N = 181/78/103

Handedness (right/left/ambidextrous) 161/19/1

Mean age (SD), range (years) 29.2 (13.1), 18–80

FICST Facial Identity Card Sorting Test, SD standard deviation, YBT
Yearbook Test
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identifiable by the authors of the YBT (personal commu-
nication, Bruck & Cavanaugh, 2018).

Facial Identity Card Sorting Test
This face perception test involves a simultaneous card-
sorting procedure as reported by Jenkins et al. (2011), and
represents a measure of face matching across image-
related variation in facial appearance. A selection of 40
images, half of which depict one of two Dutch celebrities
(Chantel Janzen and Bridget Maasland), kindly provided
by Jenkins and Burton (personal communication, 2017)
were used as stimulus material (multiple sets of 40 lami-
nated greyscale images sized 38 x 50 mm). The twenty
‘ambient images’ (Jenkins et al., 2011; Sutherland et al.,
2013) of each individual entailed natural face variability
that occurs in real life as they were taken from publicly
available photographs of each celebrity found on the inter-
net. When instructed to group 40 such ambient images by
the number of perceived identities, observers who are un-
familiar with the depicted identities report perceiving a
median of 7.5 identities (mode 9; range 3–16; Jenkins
et al., 2011; see also Andrews et al., 2015). Here, the 40
image cards were randomly positioned (in upright orienta-
tion) in front of observers who had unlimited time to
group them according to the number of identities they
subjectively perceived as distinct, with each group of im-
ages representing a single individual (for an example of
similar image variations, see Fig. 1a). The experiment
ended if observers spontaneously and correctly grouped
the images correctly into two categories. However, if ob-
servers formed a different number of groups, they com-
pleted a second sorting phase. In phase 2, the cards were
again mixed and spread out randomly; however, observers
were now instructed to separate the 40 images into two
groups. The sorting responses of the observers were
photographed; for each phase, the number of piles and
total number of errors was registered (note that an iden-
tity match was considered erroneous if it did not corres-
pond to a given group’s predominant identity). Analyses
were performed on a composite score calculated based on
both measures obtained during the first sorting phase (see
below).

Optimal YBT and FICST application: methodological
considerations
Based on our experience, we point out three aspects that
require careful consideration to ensure the most efficient
and informative application of the YBT and FICST. The
first pertains to the number of trials contained in the
YBT, relative to the number of currently analyzable tri-
als. As mentioned, the authors of this test were able to
provide the correct responses for 35 of the total of 40
items. Currently, efforts are underway to determine the
most probable correct responses for the missing items

using a wisdom of crowd approach (cf. Balsdon, Sum-
mersby, Kemp, & White, 2018; Phillips et al., 2018) by
testing a large number of high-performing individuals to
ensure maximal validity of such data-driven estimates.
Once generated, the normative data provided here can
be re-evaluated to include responses for the currently
not considered items, and the test could be employed in
two versions.
The second consideration relates to application of the

FICST. Naturally, it is imperative that observers have no
prior information regarding the number of identities dis-
played, in other words they should not have participated
in an experiment with a similar procedural setup. As evi-
dent from the data reported for phase 2, observers are
clearly more proficient when provided with top-down
information regarding the decisional space in which
identity matches are to be provided (cf. Ramon, 2018a;
Ramon et al., 2018; Ramon et al., 2019c). Relatedly, at-
tention must also be paid the possibility of observers be-
ing familiar with the two Dutch celebrities depicted.
Such knowledge would serve as an effective prior facili-
tating identity grouping (see Andrews et al., 2015; Jen-
kins et al., 2011). Even if different versions of this test
were created in the future that involved different set
sizes with varied numbers of individuals depicted, prior
completion or knowledge of the original FICST may de-
crease the initially observed effect of identity separation
and grouping reported here and elsewhere (Andrews
et al., 2015; Jenkins et al., 2011).
A final, seemingly trivial, consideration concerns the

quality of image material used both for the YBT and
FICST. As noted, we were kindly provided with a phys-
ical copy of the original YBT used by Bruck et al. (1991);
a large number of digital image copies of both Dutch ce-
lebrities were provided to recreate a version akin to the
FICST reported by Jenkins et al. (2011). We observed
quality and appearance variations in the reproduction
and duplication process. To ensure that observers were
confronted with identical image material, we opted for
use of the FICST material (printed and laminated for re-
peated usage) and reproduced the YBT based on its
scanned version using the same printer (and printer set-
tings). Researchers interested in using this material
should contact the corresponding author to receive a
replica to be used without further reproduction until the
potential impact of reproduction-related quality varia-
tions on observers’ performance is established.

Commonly reported tests of face recognition and
perception included in this study
Long form of the Cambridge Face Memory Test
This computer-based test was developed by Russell et al.
(2009) with the aim of assessing face recognition for ex-
perimentally learned identities. This computer-based test
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comprises increasingly difficult parts (see Fig. 1e), in
which grayscale cropped male face stimuli are presented
(6 target identities, 46 distractors). Participants encode
images of target identities from different viewpoints be-
fore subsequently selecting the target identity among
two distractors. As this test progresses, the trials become
increasingly more difficult, as illumination, orientation
and information availability are manipulated (see Fig.
1e). For each observer, we recorded the number of cor-
rect responses obtained across the total of 102 items of
the CFMT+.

Expertise in Facial Comparison Test
This test of face perception was reported by White et al.
(2015) and assesses face discrimination ability measured
in the context of a computer-based simultaneous match-
ing task. Half of the (total of 84) trials depict the same
identity; the remainder involve pairs of identities that
were deliberately “similar looking” (White et al., 2015).
To better approximate its more recent application (cf.
Noyes et al., 2018; Phillips et al., 2018), observers pro-
vided binary same/different responses for color un-
cropped faces with varied facial expressions and on
different backgrounds (see Fig. 1c), which were pre-
sented for a maximum of 30 s (versus 5 or 7 scale re-
sponses, and 2-s presentation durations; cf. White et al.,
2015).1 For each observer, we recorded accuracy and
RTs. As discussed below (see “Analyses”), we deem con-
sideration of both accuracy and RTs at the individual
level (as opposed to merely the group level; e.g., White
et al., 2017) especially relevant when aiming to provide
normative data from a large and heterogeneous sample
against which individual performance can be reliably
compared.

Person Identification Challenge Test
This test of face perception involves the same procedure
and experimental settings, and hence process, as the
EFCT (White et al., 2015). The only difference is that
the face stimuli portray individuals from a greater dis-
tance, and therefore display more external cues and en-
vironmental information. This test involved the same
testing procedure (presentation duration, responses reg-
istered) as described above for the EFCT.
In addition to these three frequently applied tests, and

as mentioned above, observers also completed the CFPT
(Duchaine, Germine, & Nakayama, 2007), a test of face
perception that involves sorting upright and inverted
faces according to their similarity with a simultaneously

presented target face. This test was not intended to be
considered in our analyses; it was employed to enable
our students to independently formulate and probe hy-
potheses using the data from the total database.

Analyses
The need for computation of composite scores
To take into account the behavioral measures registered
for a given test, composite performance scores were cal-
culated for all tests with the exception of the YBT and
CFMT+, for which only raw scores (i.e., number of cor-
rectly matched or recognized faces) were considered.
For the FICST, perfect performance involves separat-

ing the 40 images into two piles without inclusion er-
rors. While previous studies considered only the number
of piles as an index of performance (Andrews et al.,
2015; Jenkins et al., 2011), here we calculated a compos-
ite score to consider both possible sources of errors (in-
clusion and separation). This allows distinction between
observers, who randomly versus accurately create two
identity piles. Any number of piles exceeding two was
considered as an additional mistake(s). The FICST
scores of the observers were computed by subtracting
two from the sum of piles and errors. Thus, a score of
zero corresponds to perfect performance; the higher the
FICST score, the less proficient an observer’s perform-
ance for grouping images by identity.
Note that for the YBT, FICST and CFMT+, RTs were

not considered as informative for the following reasons.
First, for the YBT and FICST, provided responses are
not based on discrete pairs. Moreover, identity match
decisions can be changed. Furthermore, completed iden-
tity matches (correct or incorrect) determine the nature
of subsequent responses. For the CFMT+, the presenta-
tion of the to-be-learned faces is fixed, while recognition
decisions provided for the test face trio is unlimited. As
in this context performance is determined by encoding
proficiency and recognition ability, longer decision times
will not facilitate recognition performance, and hence no
systematic speed–accuracy trade-off is expected.
From a procedural perspective, the EFCT and PICT

are the least complex compared to the YBT, FICST and
CFMT+. Both require binary, perceptually based deci-
sions for face stimuli presented simultaneously without
time constraints. In such an experimental context, we
reasoned that consideration of RTs is imperative. Under
simultaneous matching conditions observers are more
likely to display speed–accuracy trade-offs compared to,
for example, recognition tasks. Even highly impaired
prosopagnosic individuals can achieve accurate perform-
ance at the expense of vastly prolonged RTs, which is
why it is common practice to take into account RTs in
studies of both healthy and impaired individuals (e.g.,
Behrmann, Avidan, Marotta, & Kimchi, 2005; Biotti

1We adopted this long presentation duration to ensure that decisions
were made based on perceptual matching, and not contaminated by
decisional processes or memory after stimulus offset. Additionally, we
reasoned that this presentation duration exceeds the time required by
healthy observers to perform this task.
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et al., 2017; Lao, Vizioli, & Caldara, 2013; Marotta et al.,
2002; Tarr, 2003; White et al., 2017). Indeed, according
to many, “the notion of speed–accuracy tradeoff (SAT)
is pedestrian” (Heitz, 2014; see also Luce, 1986).
The highly heterogeneous distribution of RTs observed

for the EFCT and PICT supports this notion and sug-
gests that many healthy observers may indeed show
speed–accuracy trade-offs. Leaving aside the implica-
tions for studies that did not consider RTs and therefore
neglect the impact of speed–accuracy trade-offs (e.g.,
Bobak et al., 2016a; Bobak et al., 2016b; Bobak et al.,
2016c; Burton et al., 2010; Noyes et al., 2018; Phillips
et al., 2018; Robertson et al., 2016; White et al., 2015),
here we opted to consider both speed and accuracy by
computing the inverse efficiency (IE) score of the ob-
servers (Townsend & Ashby, 1978). This is crucial given
our goal of providing normative data against which indi-
vidual performance can be compared in order to deter-
mine potentially superior performance.

Statistics
Behavioral measures considered
Behavioral responses from all five tests were subject to
descriptive and correlation analyses. Descriptive statistics
are provided separately for all measured behavioral re-
sponses, as well as composite scores. Correlation ana-
lyses were performed on the YBT and CFMT+ raw
scores, and (following the aforementioned sources of er-
rors and potential speed–accuracy trade-offs) the FICST,
EFCT and PICT composite scores.

Analyses of high-performing individuals
Additionally, in order to determine the predictive value of a
given test, we investigated how the top performers on each
test scored on the remaining ones. First, and independently
for each of the five tests, we identified those participants
whose scores were located in the top 5% (n= 9). We then
computed each subsample’s mean performance and retained
the value as a reference average. Finally, we extracted the
score of each subsample for each respective other test and
compared the mean to each test’s reference average.

Results
Descriptive analyses
Normative data for the Yearbook Test
The normative data collected from 252 observers are re-
ported in Table 2 and visualized in Fig. 2a. On average,

observers correctly matched 8.8 ± 4.0 (median 8.0) of the
35 analyzable items (see “Methods”).

Normative data for the Facial Identity Card Sorting Test
The normative data obtained from 218 participants are
reported in Table 3 and visualized in Fig. 2b. On aver-
age, during phase 1 observers perceived 7.6 ± 4.9 (me-
dian 7) identities and made 2.4 ± 3.3 (median 1) errors.
In phase 2, the average number of errors was 3.4 ± 4.4
(median 2).

Normative data for observers who participated in all five
tests
Figure 3 and Table 4 summarize the normative data ob-
tained for the subsample of 181 observers who partici-
pated in all tests (YBT, FICST, CFMT+, EFCT and
PICT). Mirroring the observations made for the larger
sample (see Table 1), in the YBT observers correctly
matched 8.8 ± 3.9 (median 8.0) of the 35 items. For the
FICST, as in the larger sample (see Table 2), in phase 1
observers perceived on average 7.4 ± 4.6 (median 7)
identities and made 2.5 ± 3.4 (median 1) errors; in phase
2 they made on average 3.4 ± 4.4 (median 2) errors. For
the CFMT+, observers achieved an average raw score of
66 (median 65). The results for the EFCT and PICT (see
Table 4) were similar, although accuracy scores were
higher for the EFCT than the PICT, leading to compara-
tively higher IE scores (i.e., inferior performance) for the
PICT as compared to the EFCT.

Correlation analyses
Table 5 summarizes the results of Spearman correlations
computed between the five tests, which are visualized in
Fig. 4. These analyses revealed the following significant
relationships (Bonferroni-corrected for multiple compar-
isons). First, we observed a significant positive relation-
ship between the YBT and CFMT+ raw scores; greater
numbers of correctly matched identities in the YBT were
associated with more items recognized in the CFMT+.
Second, a positive relationship also emerged between the
IE scores obtained for EFCT and PICT; better EFCT
performance (i.e., lower IE scores) was associated with
better PICT performance. Third, we found a significant
negative relationship between YBT and FICST scores,
as well as between the YBT and PICT, and YBT and
EFCT IE scores. These correlations indicate that
greater numbers of correctly matched YBT items were
associated with both less errors and piles in the
FICST, and better performance for the PICT and
EFCT. Finally, EFCT IE scores also correlated nega-
tively with CFMT+ raw scores, indicating that higher
CFMT+ performance was associated with more profi-
cient EFCT performance. None of the remaining rela-
tionships reached significance.

Table 2 Normative data—number of correct identities achieved
in the Yearbook Test

All participants (N = 252)

Mean (SD) 8.8 (4.0)

Median 8

SD standard deviation
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Analyses of top performing individuals
Table 6 summarizes the following: 1) reference scores
computed across the top 5% performing individuals
identified independently per test (n = 9); 2) their respect-
ive performance on the remaining tests; and 3) the mean
and standard deviation for each test based on the nor-
mative sample. For the YBT, high-performing individuals
identified via the CFMT+ and FICST performed more
similarly to the reference score compared to the top per-
formers identified via the EFCT and PICT (Table 6,
Fig. 5a). Moreover, CFMT+ and FICST high performers
obtained an average YBT score that was one standard
deviation above the mean of the normative sample. Fo-
cusing on FICST performance patterns, the means of
the top performers on CFMT+ and YBT were more

similar to the reference mean of the top performers on
FICST compared to those of the high performers on
EFCT and PICT (Table 6, Fig. 5b). Additionally, with re-
spect to the FICST normative average, top performers
on CFMT+, YBT and EFCT scored better, but within
one standard deviation of the mean. Focusing on the
CFMT+, YBT and FICST, high performers scored above
the normative average and more similarly to the refer-
ence mean of the top performers on CFMT+. This was
contrasted by the top performers on PICT and EFCT,
who also exhibited average performance that was below
the CFMT+ normative average. Finally, top performers
identified for the EFCT and PICT performed better on
these tests than the normative sample and more simi-
larly to the reference mean of the top performers on

Fig. 2 Distribution of scores obtained for the a Yearbook Test (YBT) and b Facial Identity Card Sorting Test (FICST). Across both tasks, low and
high scores are represented on the left and right, respectively
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these tests than high performing individuals identified via
the CFMT+, YBT and FICST (Additional file 1: Figure S1).

Discussion
Despite decades of research, the ability of humans to
process facial identity continues to attract considerable at-
tention. While group studies have previously dominated
the field, more recently an increasing interest in individual
differences has emerged, both at the behavioral and neural
level (cf. Bruce et al., 2018; Stacchi, Liu-Shuang, Ramon, &

Caldara, 2019). A growing body of work has focused on
identifying and characterizing individuals with remarkable
face processing abilities, the so-called SRs (Ramon et al.,
2019a, 2019b; Russell et al., 2009). Here, we aimed to con-
tribute to advancing knowledge of this population by
standardizing two procedurally simple but highly chal-
lenging behavioral face perception tasks. Both involve
two ecologically relevant aspects of face cognition by
probing invariant facial identity matching across nat-
urally occurring conditions that are commonly
neglected—aging and image ambiance. These tests are
promising solutions to fill the current void regarding
highly sensitive applied screening tests suitable for
identifying individuals with superior face processing
skills (see also Ramon et al., 2019a, 2019b).

The YBT and FICST as novel face perception tests to
identify superior face processing
Arguably, one of the most commonly employed mea-
sures of face processing is the CFMT+ (Russell et al.,
2009). This test of face recognition, in which high per-
formance can result from superior face perception or
memory, has been frequently deployed to identify indi-
viduals with superior face processing abilities (e.g. Bobak
et al., 2016; Noyes et al., 2017; Ramon et al., 2019a). Face
matching tests created as alternative assessment tools
for face perception (e.g., the GFMT; Burton et al., 2010;
White et al., 2015) unfortunately often lack sensitivity
(Bate et al., 2018; Bobak et al., 2016; Fysh, 2018; Fysh &
Bindemann, 2018) or do not consider potential speed–
accuracy trade-offs, which are particularly relevant when
observers have unlimited processing time to perform
simple binary decisions. Such procedural aspects are

Table 3 Normative data—numbers of piles and errors
expressed in the Facial Identity Card Sorting Test (FICST)

All participants (N = 218)

Phase 1

Number of piles

Mean (SD) 7.6 (4.9)

Median 7

Total number of errors

Mean (SD) 2.4 (3.3)

Median 1

FICST score

Mean (SD) 8.0 (5.3)

Median 8.0

Phase 2

Total number of errors

Mean (SD) 3.4 (4.4)

Median 2

Note that the FICST scores computed for phase 1 were considered in the
subsequent analyses
SD standard deviation

Fig. 3 Distributions of scores obtained for observers who participated in the Yearbook Test (YBT), Facial Identity Card Sorting Test (FICST), long
form of the Cambridge Face Memory Test (CFMT+), Expertise in Facial Comparison Test (EFCT) and Person Identification Challenge Test (PICT).
Note that scores representing low and high performance are represented on the left and right of the x axes, respectively (i.e., high inverse
efficiency scores (IES) for the EFCT and PICT indicate low performance); for visualization purposes one extreme value was removed for the CFMT+
and PICT, respectively
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often neglected, and there is currently no accepted “gold
standard test” of superior face processing ability (Ramon
et al., 2019a, 2019b).
In light of the shortcoming of tests currently used to

identify individuals with superior face perception, here

we aimed to provide normative data for the YBT (Bruck
et al., 1991) and the FICST (Jenkins et al., 2011). We
deem both to be ecologically meaningful and challenging
tests of face perception which are not affected by the
aforementioned procedural considerations. The YBT
assesses unfamiliar face matching across substantial
age-related changes, while the FICST demonstrates
the effect of superficial or ambient image changes on
perception of facial identity (see Fig. 1). Both tests
were standardized on a large and heterogeneous co-
hort. To promote their respective usage, the data for
all cohorts and tests reported here are made publicly
available on the public repository Open Science
Framework (https://osf.io/kagtr/).
A comparable number of observers achieved perfect

scores for the FICST and fell within the 95th percentile
for the YBT, respectively. However, for the YBT, no ob-
server achieved the highest possible score of 35 correct
identity matches. Thus, the ecologically relevant and
challenging face matching tests standardized here are
characterized by higher task difficulty than tests that
have previously been employed as “standard screening”
(Noyes et al., 2018) tools, despite their aforementioned
lack of sensitivity in both healthy observers and individ-
uals with developmental prosopagnosia (e.g., White
et al., 2017). Conversely, floor effects, which are a com-
mon problem when aiming to calibrate challenging tasks
suitable for identifying high performance (cf. Crowds
matching test; Bate et al., 2018), were found for neither
the YBT nor FICST. Thus, we believe that these tests
provide much needed alternatives of unfamiliar face
matching that are easy to use across varied contexts and
in pursuit of the goal of identifying superior face percep-
tion skills.

Evaluation of the YBT and FICST as predictors of face
processing skill: comparison with CFMT+, EFCT and PICT
To determine the relationship with previously deployed
tests of face cognition, the YBT and FICST were com-
pared with the most commonly used measure of face

Table 4 Normative data for participants who completed the
YBT, FICST, CFMT+, EFCT and PICT

All participants (N = 181)

YBT

Mean (SD) 8.8 (3.9)

Median 8

FICST

Number of piles

Mean (SD) 7.4 (4.6)

Median 7

Total number of errors

Mean (SD) 2.5 (3.4)

Median 1

FICST score

Mean (SD) 8.0 (5.1)

Median 8

Phase 2

Total number of errors

Mean (SD) 3.4 (4.4)

Median 2

CFMT+ raw score

Mean (SD) 65.9 (11.9)

Median 65

EFCT

Mean accuracy in % (SD) 77.9 (8.2)

Median accuracy 78.6

Mean RT in s (SD) 4.7 (2.7)

Median RT in s 4.0

EFCT inverse efficiency score

Mean (SD) 6.0 (3.5)

Median 5.1

PICT

Mean accuracy in % (SD) 72.8 (11.0)

Median accuracy 72.5

Mean RT in s (SD) 4.9 (3)

Median RT in s 4.1

PICT inverse efficiency score

Mean (SD) 6.9 (5.1)

Median 5.8

CFMT+ long form of the Cambridge Face Memory Test, EFCT Expertise in Facial
Comparison Test, FICST Facial Identity Card Sorting Test, PICT Person
Identification Challenge Test, RT reaction time, SD standard deviation, YBT
Yearbook Test

Table 5 Correlation coefficients computed for the CFMT+, YBT,
FICST, EFCT and PICT scores

CFMT+ YBT FICST PICT EFCT

CFMT+ .46* −.19 −.10 −.24*

YBT −.37* −.26* −.24*

FICST .06 .12

PICT .78*

EFCT

Asterisks indicate significant correlations (Bonferroni-corrected; p < .005); note
that for the FICST, PICT and EFCT lower values indicate better performance
(see “Methods” section)
CFMT+ long form of the Cambridge Face Memory Test, EFCT Expertise in Facial
Comparison Test, FICST Facial Identity Card Sorting Test, PICT Person
Identification Challenge Test, YBT Yearbook Test
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recognition (CFMT+; Russell et al., 2009) and two fre-
quently reported tests of face perception (the EFCT and
PICT; White et al., 2015). As used recently, here the
EFCT and PICT were employed under unconstrained
viewing conditions (Noyes et al., 2018; Phillips et al.,

2018). The majority of studies involving the latter face
matching tests have focused exclusively on accuracy
scores obtained in highly homogeneous and/or small
samples of young observers, but did not consider RTs
(e.g., Bobak et al., 2016; Noyes et al., 2018; Phillips
et al., 2018; Robertson et al., 2016). On the contrary,
here we considered both accuracy and RTs. Aiming
to account for the “pedestrian notion” of speed–ac-
curacy trade-offs (Heitz, 2014; see also Luce, 1986),
which can be found in healthy as well as in abnormal
populations (Behrmann et al., 2005; Biotti et al., 2017;
Geskin & Behrmann, 2018; Herzmann, Danthiir,
Schacht, Sommer, & Wilhelm, 2008; Marotta et al.,
2002; Ramon et al., 2010; Ramon & Rossion, 2010;
Tarr, 2003; White et al., 2017), and which may vary
across age (Hildebrandt, Herzmann, Sommer, & Wil-
helm, 2010), analyses were performed on composite
scores comprising both measures. Thus, alongside
providing normative data for the YBT and FICST,
their respective value was assessed relative to tests
that have been previously used as “standard screen-
ing” tests (Bobak et al., 2016; Noyes et al., 2018) of
individual face processing skills.

Fig. 4 Significant correlations between measures. Visualized here are the significant correlations (see Table 5) between the Yearbook Test (YBT)
and Facial Identity Card Sorting Test (FICST), long form of the Cambridge Face Memory Test (CFMT+), Person Identification Challenge Test (PICT)
and Expertise in Facial Comparison Test (EFCT) (top row to bottom left), as well as EFCT and CFMT+ (bottom middle), and PICT (bottom right),
respectively. Red lines indicate the median of each test. IES inverse efficiency score

Table 6 Top performers mean performance for each of the five
administered tests

Top 5% performers Mean ±
standard
deviation
of the
normative
data (n =
181)

Median of
the
normative
data (n =
181)

CFMT+ YBT FICST EFCT PICT

CFMT+ 88.9 75.8 75 64.1 64.8 65.9 ± 11.9 65

YBT 13.9 17.8 13.3 9.0 7.7 8.8 ± 3.9 8

FICST 4.4 4.0 0.0 6.3 10.2 8.0 ± 5.1 8

EFCT 4.9 4.2 5.2 1.9 2.0 6.0 ± 3.5 5.1

PICT 5.9 4.8 6.3 2.4 2.2 6.9 ± 5.1 5.8

Reference mean scores computed for the top performers of a given test are
shown in bold
CFMT+ long form of the Cambridge Face Memory Test, EFCT Expertise in Facial
Comparison Test, FICST Facial Identity Card Sorting Test, PICT Person
Identification Challenge Test, YBT Yearbook Test
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Fig. 5 (See legend on next page.)
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As noted, the distribution of data observed for the
YBT and FICST demonstrate that they indeed provide
challenging tools to assess unfamiliar facial identity
matching. Interestingly, the highest correlation was
found between the YBT and the procedurally distinct
face recognition test CFMT+ (Russell et al., 2009), and
the YBT and FICST. Weaker correlations emerged be-
tween the YBT and PICT, and YBT and EFCT, respect-
ively. On the other hand, the FICST correlated with
neither the EFCT nor PICT which, likely due to their
procedural similarity, correlated highly with one
another.
Based on the process measured, one might expect the

YBT and FICST, which both tap into face perception, to
correlate more strongly than the YBT and CFMT+,
which assesses face recognition. Interestingly, instead,
the CFMT+ and YBT correlated more strongly than the
YBT and FICST. In our opinion, these findings highlight
the need to carefully consider procedural differences
across tests. Specifically, which process a given test mea-
sures might not be the only element to consider. For ex-
ample, despite assessing two distinct processes, the
CFMT+ and YBT both require individuals to find a tar-
get identity among multiple alternatives. On the other
hand, while both the FICST and YBT assess face percep-
tion, due to the incorporated manipulations they involve
distinct tasks, highly different face stimuli, and funda-
mentally different decisional spaces (Ramon et al., 2018;
Ramon et al., 2019c).
These findings strengthen the concept that face cogni-

tion is highly complex and that measurements of profi-
ciency depend on several elements. Specifically, our
results show that the YBT, FICST and CFMT+ capture
different, albeit related, aspects of face processing. This
makes their combined application a promising tool for
initial screening of superior face processing abilities.
This assessment would provide: 1) a first indication of
an observer’s proficiency level; 2) the direction in which
further testing should proceed; and 3) potential applied
fields in which an individual may be ideally deployed.
Overall, the stronger relationship observed between

YBT, FICST and CFMT+ is further supported by investi-
gation of test scores of observers identified independ-
ently per test as top performers. High-performing
individuals identified via the YBT, FICST and CFMT+
scored more similarly across these three tests than

individuals identified as top performers in the EFCT and
PICT (Fig. 5). This suggests that, in comparison to the
YBT, the EFCT and PICT have comparatively limited
value in terms of predicting individuals’ face recognition
ability when speed–accuracy trade-offs are taken into ac-
count in large and heterogeneous samples. Moreover,
the EFCT and PICT cannot predict invariant perception
of facial identity across highly varied photographs as
measured by the FICST (Jenkins et al., 2011; Sutherland
et al., 2013). Finally, considering the challenges inherent
to the YBT and FICST, and in contrast to the EFCT and
PICT, observers are less likely to excel by using strat-
egies that can go unnoticed when only accuracy scores
are considered (e.g., Noyes et al., 2018; Phillips et al.,
2018) and speed–accuracy trade-offs are not accounted
for (cf.Heitz, 2014 ; Luce, 1986).
We emphasize that in order to screen for potentially su-

perior face processing skills multiple ecologically mean-
ingful and challenging tasks must be employed to assess
distinct aspects of face processing (Bate et al., 2018; Fysh,
2018; Herzmann et al., 2008; Ramon, 2018a; Ramon et al.,
2019a, 2019b). To this end, accuracy scores recorded for
face matching under “best-case scenarios” (Fysh, 2018) are
insufficient, including, for example, moderate time periods
between image creation, or the use of well-lit frontal faces
as required for reliable computer-based identity matching
(Phillips, Yates, Beveridge, & Givens, 2017; Phillips et al.,
2018). Especially when tasks require simple same/different
decisions under virtually no time constraints (e.g., 30 s
here, or even 3 months in Phillips et al. (2018)), high per-
formance accuracy cannot provide a reliable basis to iden-
tify or validate allegedly superior abilities. To maximize
test sensitivity, all relevant behavioral measures obtainable
(in other words accuracy and RTs) need to be consid-
ered in combination, especially in the context of pro-
cedurally simple matching tasks with unconstrained
viewing conditions.
Based on our observations, we suggest that the YBT

and FICST applied in combination with the CFMT+
may serve as a collection of procedurally simple screen-
ing tests of face perception and recognition. Considering
the different sources of variation implemented across
both tests, they may serve as powerful tools for screen-
ing of employees in applied professional settings, such as
law enforcement (Ramon, 2018a; Ramon et al., 2019a,
2019b). The current findings are a step towards the

(See figure on previous page.)
Fig. 5 Yearbook Test (YBT) and Facial Identity Card Sorting Test (FICST) scores of the top performers identified independently per test. Visualized
here are performance levels of individuals identified as the top performers (colored symbols) for the YBT (red circles), FICST (blue crosses), long
form of the Cambridge Face Memory Test (CFMT+) (green squares), Expertise in Facial Comparison Test (EFCT) (purple triangles) and Person
Identification Challenge Test (PICT) (orange asterisks), and their relative location among observations made (grey dots) for the a YBT and b FICST.
High performers identified based on the CFMT+, YBT and FICST are more consistently located above the YBT and FICST median (black dashed
horizontal line), thereby exhibiting better performance than individuals identified as top performers based on the EFCT and PICT
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expressed need for a feasible framework to assess eco-
logically relevant face processing skills (Moreton et al.,
2019; Ramon et al., 2019a, 2019b).

Future directions and conclusions
Having provided normative data for two challenging and
ecologically meaningful tests of facial identity matching,
the question is how should these measures be validated
and further developed? The next steps will lie in estab-
lishing how previously reported, empirically and profes-
sionally identified SRs perform in the YBT and the
FICST, and establishing how performance in the YBT
and FICST relates to performance in real-life settings,
such as law enforcement (Ramon, 2018a; Ramon et al.,
2019a, 2019b; Ramon, 2019).
Further improvements can also be made regarding im-

plementation of the YBT. On the one hand, a wisdom of
crowds approach (cf. Balsdon et al., 2018; Phillips et al.,
2018) to determine the correct responses for the cur-
rently missing five items for their subsequent inclusion
will be beneficial to increase the test’s reliability. On the
other hand, considering the demanding nature of this
test, one fruitful endeavor is the development of a
shorter screening version. To this end we have recently
tested 146 individuals who completed five other previ-
ously standardized test including the CFMT+, the Kent
Face Matching Test (long version; Fysh & Bindemann,
2018), FICST, 1 in 10 (Bobak et al., 2016; Bruce et al.,
1999) and Models Memory Test (Bate et al., 2018), in
addition to a 10-item version of the YBT (YBT-10; Fysh,
Stacchi, & Ramon, in preparation; this test will be made
available on request). Aligning with the data reported
here for the YBT (~25% of the target identities correctly
matched), observers correctly matched 3–4 items (i.e.,
37%) in the abridged YBT-10.
Additionally, alternate versions of the FICST could be

developed. For example, to account for sex-dependent
differences in variation across ambient images, parallel
male and female versions could be included, as well as
other-race versions (see Tüttenberg & Wiese, 2019). As
processing proficiency deteriorates with other-race faces,
assessing how the ability of top performers varies
across races might provide information valuable for
deployment in situations that require processing of
faces from varied ethnic backgrounds (e.g., specialized
thefts committed almost exclusively by a specific
nationality; Green, personal communication (2019)).
A final practical aspect to consider lies in developing

computer-based versions of the YBT and FICST imple-
mented as paper-based tests here. Currently, the AFC
Laboratory is developing an online platform (Ramon &
Docherty, in preparation) that will include, among other
tests, digital versions of the YBT and FICST. This will
enable screening of greater numbers of individuals or

preselected cohorts, conducting item analyses, and
exploiting information related to response times.
Independently of these future directions, our results

emphasize the need to assess face processing abilities
from various angles and considering both test-specific
procedural constraints as well as the specific goal(s) of
assessment. Complementing highly controlled tests, such
as the CFMT+, with more realistic and challenging tasks
can provide a more comprehensive and targeted under-
standing of observers’ abilities, and potentially higher
predictive power for performance in applied settings.
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Additional file 1: Figure S1. CFMT+, EFCT and PICT scores of the top
performers identified independently per test. Visualized here are
performance levels of individuals identified as the top performers
(colored markers) based on the YBT (red circles), FICST (blue crosses),
CFMT+ (green squares), EFCT (purple triangles), and PICT (orange
asterisks), and their relative location among all observations made (grey
dots) for the a CFMT+, b EFCT and c PICT.
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