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A B S T R A C T   

In recent years, the number of face identity matching tests in circulation has grown considerably and these are 
being increasingly utilized to study individual differences in face cognition. Although many of these tests were 
designed for testing typical observers, recent studies have begun to utilize general-purpose tests for studying 
specific, atypical populations (e.g., super-recognizers and individuals with prosopagnosia). In this study, we 
examined the capacity of four tests requiring binary face-matching decisions to study individual differences 
between healthy observers. Uniquely, we used performance of the patient PS (Rossion, 2018), a well-documented 
case of acquired prosopagnosia (AP), as a benchmark. Two main findings emerged: (i) PS could exhibit typical 
rates of accuracy in all tests; (ii) compared to age-matched controls and when considering both accuracy and 
speed to account for potential trade-offs, only the KFMT — but not the EFCT, PICT or GFMT — was able to detect 
PS’s severe impairment. These findings reflect the importance of considering both accuracy and response times to 
measure individual differences in face matching, and the need for comparing tests in terms of their sensitivity, 
when used as a measure of human cognition and brain functioning.   

1. Introduction 

In recent decades, interest in human face processing abilities has 
grown considerably. Historically, face processing has been used as a 
means to generate knowledge about general functioning principles of 
the human brain, with case studies reported for over two centuries 
(Quaglino and Borelli, 1867; Quaglino et al., 2003; Bodamer, 1947). 
Today, easy access to experimentation solutions and participants, as 
well as publicly available or artificially generatable face databases, has 
led to an explosion in tests designed to measure the perception and 
recognition of unfamiliar faces (for recent demonstrations, cf. e.g., Bate 
et al., 2018; Dunn et al., 2020; Fysh and Bindemann, 2018; Smith et al., 
2021; Stantic et al., 2021; White et al., 2021). Traditionally, tools to 
assess these aspects of face cognition (i.e., the cognitive mechanisms 
underpinning processing of facial information) were developed 
following established neuropsychological and test theoretical proced
ures and with the aim of identifying impairments associated with these 
abilities (cf. Duchaine and Nakayama, 2006). More recently, a growing 
number of tests have emerged with the purported aim of understanding 
inter-individual differences among healthy, i.e. normal observers (for a 
review see Bate et al., 2021; Ramon et al., 2019a,b; Ramon, 2021). 

However, generally speaking, limited attention has been directed 
towards the de facto appropriateness of tests for addressing specific 
research questions. For instance, some studies have employed tests to 
identify high performing individuals (e.g., Phillips et al., 2018), or probe 
their capacities (Tardif et al., 2019) using measures that were either 
developed to identify impairments (Duchaine and Nakayama, 2006) or 
which fail to distinguish between normal and impaired performance 
(White et al., 2017). Unfortunately, oftentimes little concern is directed 
to the specific behavioral measure, which is being considered to eval
uate observers’ individual levels of performance. In general, a disregard 
of the considerable differences in test sensitivity is detrimental to the 
domain of face processing. 

Here, we aimed to shed light on and address this issue using an un
conventional approach: Testing PS, the most extensively documented 
case of acquired prosopagnosia to date (for a review see e.g., Rossion, 
2014), we sought to put face-matching tests that were designed to 
measure the abilities of healthy (i.e., neurotypical) observers to the test. 
Following a collision with a bus in 1992, PS sustained major brain 
damage which resulted in severely compromised face cognition, whilst 
her object recognition is unimpaired. In terms of low-level visual abili
ties, she presents with a small left paracentral scotoma and (slightly) 
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lower visual acuity than normal participants. For this reason, PS’s 
willingness to participate in experimental research places her as an 
invaluable source of information for understanding the behavioral and 
cortical mechanisms that underpin the perception of faces. 

PS’s severe impairment at processing facial identity has been 
repeatedly demonstrated (Rossion et al., 2003; Ramon et al., 2017; for a 
review see Rossion, 2014). PS’s abnormal performance on simple tasks 
of face identity matching provide the most striking demonstration of her 
profound deficit (Ramon and Rossion, 2010; Ramon et al., 2010). Our 
focus in this study was specifically on tests involving 2-alternative 
forced-choice (2AFC) paradigms, which measure simple binary de
cisions based on simultaneous perceptual discrimination. We reasoned 
that, a minimum requirement for tests to be informative for the study of 
individual differences in simple 2AFC face matching among healthy 
observers, is that they are capable of identifying and excluding drasti
cally impaired observers. Testing four previously published tests of 
facial identity matching that use the same paradigm, we compare PS’s 
performance to that of younger and older normal adults. Importantly, 
we also consider speed–accuracy trade-offs (Heitz, 2014; see also Luce, 
1986), which are of particular importance given moderate to low test 
difficulty but is often neglected in tests focusing exclusively on perfor
mance accuracy. 

In short, we sought to scrutinize behavioral 2AFC tests of unfamiliar 
face matching currently used to study (differences in) healthy cognitive 
functioning. Reversing the traditional approach of test development for 
the sake of impairment identification, we used PS’s impairments to 
probe different tests and investigate their respective discriminatory 
power and informative merit. 

1.1. Prosopagnosia and assessment of face cognition for clinical purposes 

Individuals suffering from prosopagnosia exhibit impaired process
ing of facial information, leading to deficient face matching, recognition 
and identification (for recent reviews, see Albonico and Barton, 2019; 
Geskin and Behrmann, 2018). Two forms of prosopagnosia have been 
described (but cf. Rossion, 2018): acquired prosopagnosia (AP), which 
includes patients whose impairments were caused by damage to occi
pitotemporal regions (Rossion, 2014), and congenital or developmental 
prosopagnosia, which is characterized by severe lifelong difficulty with 
face recognition in the absence of acquired brain injury (e.g., Cattaneo 
et al., 2016; Geskin and Behrmann, 2018; McConachie, 1976; Rosenthal 
et al., 2017; Thomas et al., 2009). 

In clinical settings, prosopagnosia has usually been assessed using 
the Benton Facial Recognition Test (BFRT; Benton and Van Allen, 1968; 
Benton et al., 1983; Rossion and Michael, 2018) and the Warrington 
Recognition Memory for Faces (RMF; Warrington, 1984; Duchaine and 
Weidenfeld, 2003; Rossion et al., 2003). Note that while both tests’ 
names include the term “recognition”, following the definitions adopted 
here and elsewhere (Fysh et al., 2020; Stacchi et al., 2020; Ramon and 
Gobbini, 2018; Ramon, 2018, 2021) the BFRT (Benton et al., 1983) 
measures simultaneous matching of multiple facial identities (i.e., 
perception), while the RMF probes memory for face images (i.e., recog
nition). In early studies, these tests were used to identify disorders of 
face perception and distinguish individuals with prosopagnosia from 
samples of control participants, and critically, enabled researchers to 
isolate face-specific deficits in neurologically-damaged patients from 
visual field defects and aphasias (Benton and Van Allen, 1968). These 
studies also found, however, that individuals with prosopagnosia were 
able to perform within normal accuracy levels when discriminating 
unfamiliar faces despite a profound impairment at recognizing the faces 
of familiar people, leading to speculation that the recognition of familiar 
faces and the discrimination of unfamiliar faces are dissociable (e.g., 
Benton and Van Allen, 1972). 

However, a common limitation shared by these tests is that they may 
be solved via strategies unrelated to facial identity information, which 
are however not revealed by the measure of performance considered (i. 

e., accuracy). For example, impaired individuals exhibit an overreliance 
on external facial information and paraphernalia (e.g., Rossion et al., 
2003) that can enable normal performance accuracy. For instance, pa
tient EP obtained a normal RMF (Warrington, 1984) score by using 
non-facial information (Nunn et al., 2001; see also Duchaine and Wei
denfeld, 2003). Second, especially in tests of face perception, impaired 
individuals may solve trials via time-consuming piecemeal strategies (cf. 
Ramon et al., 2017; Busigny et al., 2014a,b; Ramon and Rossion, 2010; 
Ramon et al., 2010; Ramon, 2018). This leaves open the potential for 
speed-accuracy trade-offs, which go undetected if response times are not 
measured (cf., Geskin and Behrmann, 2018). Choice of appropriate 
stimulus material, as well as recording informative behavioral measures 
such as response times (e.g., Rossion and Michel, 2018) can not only 
mitigate these issues, but are critical for revealing additional, or more 
subtle deficits (Geskin and Behrmann, 2018; Delvenne et al., 2004). 

1.2. Assessment of face cognition for non-clinical purposes 

As noted, the number of face cognition tests continues to increase. 
These tests vary in difficulty, stimulus properties, and task demands 
(Burton et al., 2010; Bate et al., 2018; Dunn et al., 2020; Fysh and 
Bindemann, 2018; see Box 1 for a discussion of general criteria for test 
selection). Despite these differences, however, such tests are typically 
designed to assess face processing ability in the normal population. As a 
consequence, it is possible that these tests may be of limited value for 
studying non-normal participants. 

For example, in the short version of the Glasgow Face Matching Test 
(GFMT; Burton et al., 2010) it is not possible to clear two standard de
viations above the mean (Bate et al., 2018), meaning that the GFMT is 
unlikely to be able to reliably distinguish exceptionally high performers 
(i.e. “super-recognizers”) from normal observers. Nonetheless, recent 
work has utilized the GFMT for this very purpose (see, Phillips et al., 
2018). Conversely, it was demonstrated in another study that a sample 
of six participants with developmental prosopagnosia were also capable 
of achieving normal performance accuracy in this test (White et al., 
2017). These aspects of the GFMT indicate that performance accuracy 
on this test should not be used to distinguish atypical observers from the 
population. Conversely, other tests, such as the Crowds Matching or 
Models Memory Test (Bate et al., 2018), or the 10-item version of the 
Yearbook Test (YBT-10; Fysh et al., 2020) may be extremely difficult, 
and therefore would not separate clinically impaired observers from 
typical participants. 

At the same time, tests that were designed to study face identity 
processing in specific settings or populations, such as algorithms (White 
et al., 2015), SRs (Russell et al., 2009), and individuals with proso
pagnosia (Duchaine and Nakayama, 2006) are being increasingly uti
lized for more general purposes (e.g., Balsdon et al., 2018; Phillips et al., 
2018; White et al., 2015). A key problem with this approach, however, is 
that tests which were designed to measure the proficiency of face 
recognition algorithms - for example - might reliably distinguish be
tween different qualities of algorithms, but may not be calibrated to 
achieve this same goal with humans. Due to the near-instantaneous 
speed with which algorithms process faces, response times are often 
not considered when evaluating performance in these specific tasks. 
Likewise, the type of stimuli used in tests that were designed to measure 
specific populations may also lack generalizability to faces in the real 
world (Russell et al., 2009; White et al., 2015; Ramon et al., 2019b; 
Ramon, 2021). Consequently, tests of this kind may also fail to capture 
the full capacity and robustness of human face cognition (Ramon et al., 
2019b; Ramon and Gobbini, 2018; Ramon, 2021). 

1.3. Comparing a patient with acquired prosopagnosia to healthy controls 
on two difficult tests of face perception: 1-to-many identity matching 

To illustrate the importance of the above points, we recently assessed 
the performance of patient PS on two challenging tasks of face 
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perception. The first of these was the YBT-10 (Fysh et al., 2020), an 
extremely difficult test requiring (per gender) matching of five young 
target identities among ten probes that are 25 years older, for which 
mean accuracy is 3.71/10 (SD = 1.99) (Fysh et al., 2020). The second 
task was the Facial Identity Card Sorting Task (FICST; Jenkins et al., 
2011; Stacchi et al., 2020), which requires observers to correctly sort 40 
intermixed images of two people into identity piles. The FICST is divided 
into two phases – in Phase 1, observers complete the task without any 
instruction regarding the number of identities present among the cards. 
In Phase 2, observers repeat the task, but with the additional 

information that only two identities are present, thus greatly reducing 
the difficulty of the task (see, Andrews et al., 2015; Stacchi et al., 2020). 

Our aim in employing the FICST and YBT-10 was to demonstrate that 
for difficult tests of face matching, PS could indeed achieve normal ac
curacy relative to neurotypical controls. In such documentedly difficult 
tests (Stacchi et al., 2020; Fysh et al., 2020; Ramon, 2021), her profound 
impairment is revealed by performance under conditions that decrease 
task difficulty and enhance performance for typical observers. 
Compared to a control group of age-matched and younger observers, PS 
exhibited within normal range performance on the YBT-10 (2/10). 

Box 1 
Practical solutions for assessment of face cognition via currently available tests 

A variety of tools have been developed to assess face perception and recognition using unfamiliar facial identities. Face perception is typically 
assessed via simultaneous or 1-to-n matching or discrimination tasks in which observers e.g. arrange stimuli according to their perceived 
similarity (e.g., Duchaine et al., 2007, distinguish between simultaneously presented faces (Ramon and Rossion, 2010), or determine which of n 
probes corresponds to a target stimulus (cf. Benton et al., 1983; Ramon et al., 2010; Stacchi et al., 2020; Fysh et al., 2020). Assessment of face 
recognition, on the other hand, typically involves distinguishing between experimentally learned and novel facial identities (cf. Duchaine and 
Nakayama, 2006; Bate et al., 2018; Warrington, 1984). 

Which of the many tests that are currently in circulation should one choose for a given purpose? This question is not trivial. First and foremost, 
one needs to ensure selection of a test probing the same sub-process (i.e., face perception or recognition; see above). Beyond this, at least three 
additional important aspects require careful consideration: stimuli, design and analyses. 

Stimulus material 

Carefully look at the type of stimulus material a test involves. As shown in Fig. 2, even when involving the same basic setup (here: 2-alternative 
forced-choice (2AFC) identity matching) tests may use extremely different stimuli. Choose the test that uses the type of stimuli that are most 
relevant for your specific goal. 

For example, do you want realistic images and welcome natural variability, or does your research question require ensuring that all stimuli are 
spatially aligned, devoid of color and contour information? Alternatively, you can search for more appropriate material in publicly available 
databases or create your own stimuli. Bear in mind that stimulus examples portrayed in papers may provide an impression that might not 
necessarily be representative of the entire stimulus set. The value of good stimulus material cannot be overstated. 

Test characteristics: design and measures 

The choice of stimuli has a large impact on the difficulty of a test. In the context of 2AFC matching tasks, pairing highly distinctive facial 
identities on a trial basis, will result in decreased task difficulty. Different measures can be implemented to address this issue. On the one 
extreme, stimulus similarity can be quantified objectively, which has the advantage of being able to reproduce the setup with other stimulus 
material. On other hand, simple criteria can be adopted, e.g. pairing identities that have the same gender, age, hair and eye color, and (if present) 
external paraphernalia (cf. Fig. 2). 

Additional considerations should be made regarding the effects that different procedures have on measured performance. For instance 2AFC 
matching tests may involve different stimulus presentation modes and durations. Consider possible scenarios in which the identity of two stimuli 
A and B has to be judged as same/different: (i) A and B are briefly presented, side by side, for 1000 ms; (ii) A is presented for 1000 ms and B 
remains on screen until a decision is reached; (iii) A and B are presented simultaneously until a response is provided. The latter design (iii) was 
employed in the face matching tests we used here. The lack of constraints regarding presentation duration can result in ceiling effects for 
performance accuracy (i.e, with most participants achieving high scores). In this scenario, accuracy scores have little or no informative value (cf. 
GFMT), and measuring and analysis of response times as additional information become ever more important. Note that response times also 
provide additional information about potential differences in difficulty across trials, and relatedly the consistency of a given test. 

Finally, different scenarios require different test design and procedural approaches. For instance, if the goal is to distinguish between average 
and high performers or Super-Recognizers (Ramon, 2021), 2AFC matching tasks with unlimited presentation duration are inappropriate. In the 
context of such simple binary decisions, speeded procedures (e.g. Ramon et al., 2011, 2018, 2019a) become more interesting. In short, there are 
several test-theoretical and setting-specific considerations that should be considered when making choices about tests to use. 

Performance estimation and analyses 

There are several ways to estimate participants’ performance, and the degree of elaboration should be linked to the intended goal. For example, 
in cases where deficits are well-established or obvious, such as in PS, individual performance averages as considered here in the context of 
simple 2AFC tasks might be sufficient. Of course, in a task that can be performed above chance by the severely impaired patient PS, normal 
individual participants may choose to emphasize speed over accuracy. Therefore, to account for speed-accuracy trade-offs that must be 
considered at the individual (not group) level, we calculated composite performance scores for each participant (cf. Fig. 3). Crucially, individuals’ 
performances across independent tests should never be estimated by simple raw score summation (see Nador and Ramon, 2021). 

Again, if differences between typical observers are of interest, analyses should be conducted at a higher level of granularity – zooming in on each 
individual observer’s behavioral performance. This allows to examine potential variations of performance across e.g. stimulus repetitions, or 
trials of an experiment (Nador et al., 2021a, 2021b; Ramon et al., 2011, 2018). Going one step further, if the goal is to characterize differences 
between typical and high-performing Super-Recognizers (Ramon, 2021), the analytical focus has yet again to change. For instance, in some 
scenarios, inter-observer differences in ability may be reflected more accurately via measured differences in performance consistency (e.g., Nador 
et al., 2021). It is clear that such questions may require the development of novel analytical procedures (e.g., Nador et al., 2021b).  
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Likewise, in the difficult Phase 1 of the FICST, PS was comparable to 
age-matched and non-age-matched controls. Interestingly, her profound 
impairment became strikingly evident in the much easier Phase 2 of the 
task (cf. Busigny et al., 2010a,b). Neurotypical observers’ performance 
improves when they are informed that the 40 images present only two 
identities. Contrariwise, PS’s performance remained relatively stable, 
due to numerous inclusion errors among the two identity groups formed, 
as shown in Fig. 1. (For the full details of PS’s and controls’ performance 
in these tasks, see Supplementary Material.) 

These data demonstrate that tests which are calibrated to be difficult 
(i.e., the YBT-10, and Phase 1 of the FICST) are unlikely to differentiate 
between poor and normal ability ranges. That is, based on accuracy 
alone. Although response times were not formally recorded for the YBT- 
10 or the FICST, PS nonetheless took an abnormally long time in 
completing both of these tasks relative to controls, as one would expect. 
Indeed, her profound deficit has been repeatedly revealed via abnor
mally prolonged RTs in the context of comparatively simpler simulta
neous matching tasks with fewer choice options (e.g., Ramon et al., 

2010; Ramon and Rossion, 2010; Orban de Xivry et al., 2008; Busigny 
et al., 2010a,b; Ramon et al., 2017). In the neuropsychological literature 
it is well established that normal levels of performance accuracy may be 
achieved at the cost of abnormally prolonged response times (e.g., 
Delvenne et al., 2004; Geskin and Behrmann, 2018), also captured via 
composite measures integrating both accuracy and speed (c.f. Bruyer 
and Brysbaert, 2011; Townsend and Ashby, 1978). 

1.4. Testing the tests: which can or fail to identify an acquired 
prosopagnosic patient’s deficit? 

Thus, whilst challenging tasks may be effective for separating high- 
performing observers from those exhibiting typical face recognition 
ability, these might fail to distinguish abnormally low from normal 
performance, due to a restricted range at the lower end of the perfor
mance scale. However, easier tests have the opposite problem: if base
line accuracy is already high, then it might be statistically impossible to 
demonstrate accuracy that exceeds the mean by more than two standard 

Fig. 1. Phases 1 and 2 of the FICST in PS 
versus a control participant. The left col
umn represents PS′ performance in Phase 1 
(upper) and Phase 2 (lower) of the FICST, in 
which it can be seen that even when aware 
that only two identities are present, she still 
struggled nonetheless to group identity cards 
accordingly. Conversely, the right column 
represents a randomly-sampled control 
participant at Phase 1 (upper) and Phase 2 
(lower), who perceived too many identities 
in Phase 1, but who then achieved a perfect 
score in Phase 2 once aware of the fact that 
only two identities were present.   

Fig. 2. Examples of stimuli from each test used in this study. All tests represent 2-alternative forced-choice face matching tasks, requiring same/different identity 
decisions for a face pair presented on each trial (see Methods for procedural details). Displayed for each test are examples of mismatch trials. 
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deviations. Consequently, tasks for which normal performance is 
already high may be capable of identifying clinical impairment in face 
matching, but not superior performance. These considerations for easy 
tests are particularly pertinent when performance accuracy alone is 
measured. Disregarding response times as an important source of in
formation can lead to a failure to detect impairments as described above. 

Following these considerations, in the present study we adopted an 
unconventional approach: We investigated which tests and measures of 
face perception should not be used to describe inter-individual differ
ences among healthy individuals. We reasoned that simple 2AFC tests are 
insufficiently sensitive to this end if PS can achieve normal levels of 
performance accuracy despite her deficit at facial identity processing. 
Given PS’s established record of impaired performance in unfamiliar 
face matching tasks that have been designed to probe her perceptual 
deficits (e.g., Ramon and Rossion, 2010; Ramon et al., 2010), she rep
resents an ideal benchmark against which these tests might be 
evaluated. 

Using four commonly used tests involving 2AFC simultaneous face 
matching/discrimination, we sought to identify which of these would 
detect PS’s perceptual impairments. The tests used were the GFMT 
(Burton et al., 2010), the short version of the Kent Face Matching Test 
(KFMT; Fysh and Bindemann, 2018), the Expertise in Facial Comparison 
Test (EFCT; White et al., 2015), and the Person Identification Challenge 
Test (PICT; White et al., 2015). Following previous procedures that 
consider both performance accuracy and speed (e.g., Busigny et al., 
2010a,b; Ramon et al., 2010; Ramon et al., 2017), we compared PS’s 
performance to that of smaller groups of age-matched controls, as well 
as previously reported large and heterogeneous observer samples (Fysh 
and Bindemann, 2018; Stacchi et al., 2020; see Methods). 

2. Methods 

All procedures reported here were approved by the local research 
Ethics Committee of the University of Fribourg (approval number 473); 
upon publication of the manuscript, all data are publicly available via an 
Open Science Framework repository (osf.io/wj5bp). 

2.1. Participants 

Patient PS. PS’s lesions and deficits have been previously described in 
over 30 papers published by the Face Categorization Lab and its col
laborators since the first report by Rossion et al. (2003). To summarize 
briefly, PS suffered traumatic brain injury after she was hit by a bus in 
London in 1992, resulting in a severe closed-head injury. She presents 
with lesions in the left mid-ventral (mainly fusiform gyrus), and in the 
right inferior occipital regions, as well as minor damage to the left 
posterior cerebellum and the right middle temporal gyrus (Rossion et al., 
2003; Sorger et al., 2007). After successful neuropsychological reha
bilitation, PS was able to return to her profession as a kindergarten 
teacher (c.f. Ramon et al., 2017); her severe and longstanding 

prosopagnosia is unaccompanied by object processing deficits (c.f. 
Busigny et al., 2010a,b; Busigny and Rossion, 2010). PS was 69 when she 
completed the GFMT (Burton et al., 2010), KFMT (Fysh and Bindemann, 
2018), YBT-10 (Fysh et al., 2020), and the FICST (Jenkins et al., 2011; 
Stacchi et al., 2020), and 70 years old when she completed the PICT and 
the EFCT (White et al., 2015). 

Control observers. Control data from healthy volunteers was taken 
from previous studies (EFCT and PICT data from Stacchi et al. (2020); 
and GFMT and KFMT data from Fysh and Bindemann (2018)). From the 
EFCT and PICT datasets we created two sub-samples: (i) larger cohorts of 
younger observers, (ii) smaller cohorts of older observers (ranging be
tween ± 10 years of PS’s age at the time of testing). Since the KFMT and 
the GFMT did not contain any older controls, we tested 6 older observers 
(3 females, 3 males) for each of the EFCT and the PICT, and 5 older 
observers (1 female, 4 males) for the KFMT and the GFMT. Table 1 
summarizes the demographics of each test cohort. 

2.2. Tests of face processing 

Fig. 2 provides example stimuli from each test that was employed. 
Note that all tests were administered with (virtually) no time constraints 
(but 30s duration in the EFCT and PICT; see below). For all tests, par
ticipants’ response times (RTs) were recorded. This follows previous 
procedures, which aim to measure PS’s abilities without pressure, while 
at the same time considering the potential for well-established speed- 
accuracy trade-offs. 

Kent Face Matching Test (short version) (KFMT). This test also mea
sures simultaneous face matching/discrimination. Participants are pre
sented with 40 image pairs (20 males, 20 females) depicting two 
Caucasian faces and are required to indicate whether these depict the 
same person, or two different people. Half of trials present the same 
identity (i.e., an identity match) and the remaining 20 trials depict two 
different identities (i.e., an identity mismatch). Each trial features one 
high-quality digital face photograph of a person in frontal pose whilst 
bearing a neutral expression, which is paired with a non-controlled 
ambient student ID photograph which was acquired a minimum of 
three months earlier. For full details of the KFMT, see Fysh and Bind
emann (2018). 

Glasgow Face Matching Test (short version) (GFMT). The GFMT re
quires observers to match 40 pairs of cropped greyscale images of well- 
lit frontal faces displaying neutral expressions, half of which depict the 
same identity, and the remaining 20 trials depict two different people. In 
this task, identity match trials comprise two images of the same person 
that were acquired on the same day within a single session. For full 
details of the GFMT, see Burton et al. (2010). 

Expertise in Facial Comparison Test (EFCT) and Person Identification 
Challenge Test (PICT). Both tests involve simultaneous unfamiliar face 
matching/discrimination and were originally reported by White et al. 
(2015). Each test includes 84 and 40 trials, respectively, consisting of 
presentation of pairs of full-frontal colored portraits, half of which de
pict the same identity. Making use of normative data provided by 
Stacchi et al. (2020), we applied the same procedures as these authors 
did. Specifically, on each trial (maximum presentation duration of 30s) 
participants provided a binary (i.e., same/different) response on each 
trial, and both accuracy and response times were recorded. The images 
used in both tests were taken across different days (see Phillips et al., 
2012), in different locations and consequently depict different back
ground information and involve differences in lighting. The difference 
between the EFCT and PICT concerns the distance from which the im
ages were taken. As images used in the PICT were taken from a greater 
distance, its stimuli include more body and environmental cues. 

2.3. Analyses 

The three following measures were generated from these data: 
response accuracy, response times, and inverse efficiency (IE) scores. 

Table 1 
Normative samples’ and the patient PS’s demographics.  

Test PS Younger controls Older controls 

Age n Mean age 
±SD 

Age 
range 

n Mean age 
±SD 

Age 
range 

KFMT1 69 60a 20.25 ±
3.55 

18–41 5 73.20 ±
5.54 

70–83 

GFMT2 69 60a 20.25 ±
3.55 

18–41 5 73.20 ±
5.54 

70–83 

EFCT3 70 175b 27.74 ±
10.73 

18–58 6b 70.50 ±
8.22 

59–80 

PICT3 70 175b 27.74 ±
10.73 

18–58 6b 70.50 ±
8.22 

59–80 

1Fysh and Bindemann (2018); 2Burton et al. (2010); 3White et al. (2015). Data 
were sourced from: aFysh and Bindemann (2018); bStacchi et al. (2020). 
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The first two measures are reported descriptively in the following Re
sults section; IE scores (obtained via dividing per observer mean correct 
response times by the proportion of correct responses; Townsend and 
Ashby, 1978) were subject to inferential analysis. PS’s IE scores were 
compared to those of age-matched and non-age-matched controls using 
modified t-tests for single-case analyses (Singlims_ES.exe program; 
Crawford et al., 2010), which provide point and interval estimates of 
effect sizes for the comparison of a case and the control group. Addi
tionally, it provides an estimate of the percentage of the population that 
would perform below the studied patient. 

3. Results 

3.1. Description of observers’ accuracy and response times (RTs) 

First, individual averages per performance measure (i.e., mean per
centage correct and mean RTs) were calculated for PS and the control 
groups (Fig. 3a, left). Per test and performance measure, we also sub
tracted PS’ score from each subject, to obtain and visualize the differ
ence between PS and the two groups (Fig. 3a, right). Additionally, we 

plotted the relationship between accuracy scores and RTs per observer 
and test (Fig. 3b). These descriptive analyses demonstrate that relative 
to two control cohorts, and across all tests, PS exhibited (i) performance 
accuracy within the normal range, and (ii) prolonged RTs. This is 
particularly evident for the KFMT and the PICT, on which she was slower 
to respond than any of the controls. Similarly, only two observers were 
slower than PS on the EFCT, and likewise, only three took longer to 
respond than PS on the GFMT. 

3.2. Analyses of observers’ inverse efficiency (IE) 

To consider potential speed-accuracy trade-offs at the individual 
observer level, we combined response accuracy and RTs into IE scores as 
a composite measure of overall behavioral proficiency (performance) 
based on which inferential statistics were then performed. Computed by 
dividing each subject’s mean correct RT by their accuracy score (Bruyer 
and Brysbaert, 2011; Townsend and Ashby, 1978), higher scores reflect 
poorer efficiency in the task; individual observers’ IE scores are plotted 
in Fig. 4. As with the other measures, we computed the difference be
tween PS and controls by subtracting PS’s IE score from that of each 

Fig. 3. Individual observers’ performances per test and measure reported. a. Each observer’s data is plotted per measure (accuracy, response times) and per 
test. The two left panels plot individual raw performance; the two right panels plot the same data standardized to PS’s performance. b. Scatterplots illustrate the 
relationship between measures for each observer and test, crosshairs indicate 2 standard deviations below (for accuracy) and above (for RTs) the mean performance. 
Dark circles, triangles and light grey circles represent the data from PS, age-matched controls, and young controls, respectively. 

Fig. 4. Distributions of individual observers’ inverse efficiency (IE) scores per test relative to the patient PS. Inferential statistical analyses revealed that PS’s 
IE score was deficient only for the KFMT. 
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subject. 
To formally examine IE score differences between PS and controls, t- 

tests modified for single case comparisons were performed (Crawford 
et al., 2010) using Holmes’ sequential Bonferroni correction for multiple 
comparisons. In comparison to age-matched controls, PS demonstrated 
poorer performance on the KFMT, t (4) = 5.63, p(two-tailed) = 0.005, but 
not on the PICT, t (5) = 3.37, p(two-tailed) = 0.020. PS’s performance was 
also comparable to that of age-matched controls on the EFCT and the 
GFMT, t (5) = 1.81, p(two-tailed) = 0.129 and t (4) = 1.69, p(two-tailed) =

0.166, respectively. The analogous comparisons for the younger control 
group revealed that PS displayed poorer performance than the younger 
control subjects for all tests, all ts ≥ 3.80, all ps < .001. 

4. Discussion 

In this study, we sought to put four previously used tests of face 
perception to the test. The tests considered — the KFMT, the GFMT, the 
EFCT and the PICT (Burton et al., 2010; Fysh and Bindemann, 2018; 
White et al., 2015) — all require 2-alternative forced-choice (2AFC) 
decisions of facial identity matching among two simultaneously pre
sented faces (see Fig. 2). Unconventionally, we probed these tests by 
comparing neurotypical observers’ performance to that of PS, the likely 
most extensively documented case of acquired prosopagnosia to date (cf. 
Rossion, 2014: Ramon et al., 2017). Three main findings emerged. 

Firstly, across all tests, PS exhibited patterns of response accuracy 
that comfortably fell within normal range. Secondly and in conjunction 
with previous work (e.g., Busigny and Rossion, 2010; Schiltz et al., 
2006; Ramon and Rossion, 2010; Ramon et al., 2017), PS took consid
erably longer to correctly discriminate faces than younger controls 
across all four tests, as well as older controls on three of the four tests. 
This aligns with previous evidence from cases of acquired and devel
opmental prosopagnosia exhibiting abnormally prolonged RTs (Behr
mann et al., 2005; Bate et al., 2009, 2019; Behrmann et al., 2005), due to 
time-consuming, analytical/feature-based strategies, which can enable 
normal levels of performance accuracy (e.g., Avidan et al., 2011; 
Busigny et al., 2010a,b; Duchaine and Nakayama, 2006; Palermo et al., 
2017). Thirdly, and finally, compared to age-matched controls PS’s in
verse efficiency performance was deficient for the KFMT, despite her 
numerically poorer accuracy on the GFMT, EFCT, and the PICT than her 
age-matched control counterparts. In the following we discuss the im
plications of these findings for present and future work on face cognition 
in neurotypical observers. 

4.1. Accuracy and response times provide complementary information 

Taken together, reports of profoundly impaired observers achieving 
performance accuracy scores that fall within normal range as reported 
here and previously (White et al., 2017) emphasize the importance of 
generally considering both response accuracy and response speed in 
parallel. This applies both when (i) examining differences between 
a/typical populations, and (ii) seeking to determine individual levels of 
processing proficiency. As discussed in Box 1, this is particularly crucial 
when simple binary (e.g., same/different) decisions are required, or 
stimuli are fairly easy to discriminate. However, it also applies to more 
difficult testing scenarios, e.g. when more complex 1-to-n decisions are 
required (cf. Stacchi et al., 2020; Fysh et al., 2020) and/or given higher 
inter-stimulus similarity (e.g. Ramon et al., 2010; Ramon and Van Belle, 
2016). 

Assessment and reporting of response times alongside accuracy 
measures has been practiced for many decades in experimental psy
chology and neuropsychology (see, e.g., Ellis et al., 1990; Marotta et al., 
2002). Nonetheless, several more recent studies aiming to evaluate in
dividuals presumed to occupy the high performing end of the face pro
cessing continuum have neglected this measure (e.g., Phillips et al., 
2018; Robertson et al., 2016; White et al., 2015). This is particularly 
critical as some of these studies report findings that are practically 

relevant in applied settings. For instance, professionals have been re
ported to show relatively greater face matching performance, which 
could easily be accounted for by having been permitted substantially 
more time than controls to e.g. study to-be-matched faces (White et al., 
2015) or perform binary face discriminations on EFCT trials (e.g., 
forensic examiners had up to 3 months for 20 2AFC trials, contrary to 
control and allegedly superior observers; Phillips et al., 2018). 

Here, we demonstrated the need to consider both accuracy and 
response times when examining individual differences in face cognition 
via a case of acquired prosopagnosia. Critically, even when adopting this 
approach, for three frequently used tests PS exhibited performance that 
was indistinguishable from age-matched controls. Moving forward, the 
need to consider potential speed-accuracy trade-offs should finally 
transfer into research among typical populations. Ultimately, tests in 
which impaired individuals such as PS can achieve “normal” perfor
mance even when both accuracy and response times are considered, may 
be limited in their capacity to describe individual differences in healthy 
observers (e.g., Robertson et al., 2016), or to benchmark performance of 
algorithms (e.g., White et al., 2015; Phillips et al., 2018). 

4.2. Tests differ in their ability to identify highly deficient performance 

Analyses of IE scores revealed that, across all tasks PS performed 
abnormally low compared to younger controls. Interestingly, however, 
relative to older controls, PS’s IE was abnormal only for the KFMT. For 
the remaining three tests – i.e., the PICT, GFMT and the EFCT – PS’s 
composite performance was not distinguishable from that of age- 
matched controls. These findings highlight critical differences between 
the KFMT and the remaining tests: the KFMT’s careful selection of 
identities portrayed in mis/match trials demonstrably leads to sub
stantially higher task difficulty. Given this stimulus material related 
difficulty, the KFMT — despite requiring only binary same/different 
decisions — is able to detect PS’s impairments when both performance 
measures are considered (see Box 1).1 Additionally, the distributions of 
individual observers’ IE scores across all tests further indicate that the 
PICT, GFMT and EFCT involve identity pairs that are more easily 
discriminated, and therefore could not detect her profound deficit and 
abnormal processing strategies. 

The present findings also emphasize that several of the currently 
employed face-matching tests lack the sensitivity to discriminate be
tween individuals at the extreme lower end of the face recognition 
continuum. This is not necessarily a surprising revelation in and of itself 
– none of the tests employed here were ever designed with the specific 
intention of distinguishing individuals with prosopagnosia from the 
general population (see, Burton et al., 2010; Fysh and Bindemann, 2018; 
White et al., 2015). This speaks to the broader issue of selecting the most 
appropriate test for assessing a given population. If the intention is to 
study individual differences across the entire continuum of ability in 
face matching, from observers with prosopagnosia all the way up to 
super-recognizers (Ramon, 2021), then it is essential to select a test that 
was designed with this purpose in mind (see, e.g., Stantic et al., 2021) 
and critically establish that the selected test in fact meets its intended 
purpose. 

1 At first sight, the reason for this pattern may not be immediately evident. 
However, it is possible that PS’s feature-based matching strategy was well- 
suited for some trials of the KFMT, given that there are some identities that 
can be classified based on the presence of skin blemishes (i.e. moles), which 
typical observers are relatively more prone to overlooking (Towler et al., 2017, 
2021). Relative to the GFMT, EFCT, and PICT, it would appear that the KFMT 
can be more efficiently resolved via a piecemeal matching strategy, which 
incidentally, also appears to be utilized by professionals (e.g., Towler et al., 
2019; for a review see Moreton, 2021). 
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4.3. Evaluating tests - in defense of the single case and representative 
small n 

There are several potential aspects to consider when interpreting 
these findings. First, our data are based on the performance of a single 
case study of acquired prosopagnosia (i.e., PS). Because acquired pro
sopagnosia is, by definition, acquired typically through brain damage or 
illness, one cannot expect a sample of patients presenting with acquired 
prosopagnosia to display homogenous performance profiles. For 
example, other cases that have been described as patients with acquired 
prosopagnosia reportedly presented with incomplete visual fields and/ 
or object recognition deficits (e.g., Rezlescu et al., 2014; Barton et al., 
2002). We argue that the specificity of PS’s deficit — the de facto con
ceptual prerequisite for the diagnosis of prosopagnosia (Bodamer, 1947; 
Rossion, 2018) — makes her particularly valuable and extremely 
well-suited for evaluating face-matching tests. 

Secondly, as pointed out by one reviewer, it is worth discussing PS’s 
age-matched control samples. These comprised five participants who 
completed the GFMT and the KFMT, and six different participants who 
completed the EFCT and the PICT. Our aim here was not to formally 
compare the tests’ sensitivity (this would have required a within- 
observer design). Moreover, these sample sizes are not unlike those 
employed in studies of a similar nature (see, e.g., Humphreys et al., 
2007; Ramon et al., 2017; Rezlescu et al., 2014). Interestingly, while our 
age-matched control participants were also generally slower than their 
younger counterparts in the four tasks employed, this did not translate 
into inverse efficiency, which contrasts with findings for PS. Finally, we 
contend that small samples should not be treated as a per se limitation. 
Indeed, a highly sensitive test (with optimized stimuli, procedures, 
sufficient number of trials, etc.; cf. Box 1) would be able to provide an 
accurate, and representative description of a given individual (cf. Smith 
and Little, 2018). So, while it is possible that given larger samples we 
might have found differences between PS and controls for the EFCT, 
GFMT, and PICT, this would not make a stronger case for the sensitivity 
of these tests. The important point is that with comparable control 
samples, the EFCT, GFMT, and PICT failed to identify PS — despite 
claims that they are sensitive and difficult (e.g. White et al., 2015; 
Phillips et al., 2018). 

Finally, the group-dependent results that emerged here are note
worthy. Compared to older controls, only the most challenging of the 
tests probed, the KFMT, was able to detect PS’s impairment. Note that 
we report and display the available, previously reported younger control 
groups’ data alongside those of older controls and PS, despite one re
viewer’s comment that “… the young controls play no role in the paper’s 
conclusions”. We respectfully disagree with their opinion, as the differ
ences between groups emphasize the widely acknowledged but often
times neglected general need for using appropriate control samples in 
scientific research (Barrett, 2020; Broesch et al., 2020; Gurven and 
Lieberman, 2020; Henrich et al., 2010; Laajaj et al., 2019; Masuda et al., 
2020; Nielsen et al., 2017; Rad et al., 2018). That is, regardless of 
whether an assessment of normal or potentially atypical (inferior or 
superior) performance is intended, individual performance should be 
assessed within the context of representative cohorts. Achieving repre
sentation, inclusion and diversity has never been easier, and should 
become the standard in psychology to achieve progress in our under
standing of cognition and brain functioning. 

5. Conclusion 

In this study we sought to emphasize the importance of utilizing 
multiple, complementary performance measures when studying face 
matching both within, and between different populations. We showed 
that accuracy measures alone are insufficient to discriminate an indi
vidual with acquired prosopagnosia from control subjects. Yet when 
combined with response times in the form of inverse efficiency scores, 
differences between populations may emerge that were not initially 

apparent. That is, given accurate decisions, the time taken to submit 
these requires additional attention. Combined, both measures provide 
insight into observers’ proficiency and test sensitivity. 

In a field where the number of face-matching tests and stimulus 
databases is increasing rapidly (see, Bate et al., 2021), these findings 
speak to the importance of not necessarily developing additional tests 
per se. Indeed, rather than simply creating more tests or generating more 
data, we need to find and use the most appropriate ones (Ramon, 2021). 
Box 1 provides practical advice on how to make the most of existing 
methods and data. Judging the appropriateness of a given test requires 
practitioners and researchers to critically assess tests’ procedures and 
limitations, as well as the correspondence of these tests to the real-world 
settings or research question that they seek to measure (Ramon et al., 
2019b; Ramon, 2021). Our data highlight the need to consider multiple 
performance measures to fully exploit the informative value of 
face-matching tests. Moreover, our findings reiterate the expressed need 
for increased diversity and representation in control samples. 

Finally, irrespective of the cohort studied — but especially at the 
extremes of the continuum of ability — multiple tests to assess face 
cognition skill should be administered. As our results demonstrate: tests 
using the same procedure to measure the same sub-process can differ 
substantially. Thus, the goal of describing behavior — from impairments 
to superior skill — should aim for a reliable characterization, which re
quires accumulation of evidence and transparent reporting (Rossion, 
2014; Ramon, 2021). 
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