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ABSTRACT

Face perception is critical to social interactions, yet people vary in how easily they can recognise their
friends, verify an identification document, or notice someone’s smile. There are widespread
differences in people’s abilities to recognise faces and research has particularly focused on
exceptionally good or poor recognition performance. In this Review, we synthesise literature on
individual differences in face processing across different tasks including identification and estimates
of emotional state and social attributes. The individual differences approach has considerable
untapped potential for theoretical progress in understanding the perceptual and cognitive organisation
of face processing. This approach also has practical consequences — for example, in determining who
is best suited to check passports. We also discuss the underlying structural and anatomical predictors
of face perception ability. Furthermore, we highlight problems of measurement that pose challenges
for the effective study of individual differences. Finally, we note that research in individual
differences rarely addresses perception of familiar faces. Despite people’s everyday experience of

being ‘good’ or ‘bad’ with faces, a theory of how people recognise their friends remains elusive.
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[H1] Introduction

Faces provide many types of information. Using faces, people can recognise others they know and also
quite accurately estimate the age, gender or health of strangers and friends. Faces can also be used to
judge transient states, for example someone’s mood, focus of attention, or speech patterns. The multiple
sources of information available in a face are critical for social behaviour, enabling people to identify
someone as family, friend or colleague, and to decide whether they should speak to, hug, or stay away
from them. These decisions are made quickly and easily, often without reflection. However, these
remarkable abilities in face processing are not distributed equally across people.

Widespread differences in face perception between individuals have become an important research
focus for three reasons. First, everyday experience suggests that some people are better at face
perception than others, and some people have strong beliefs about whether they are ‘good with faces’.
Second, given the wide variety of information available in a face, much theoretical work focuses on
whether the processes underlying different perceptual decisions are independent1 ! Individual
differences techniques are well-suited to addressing these questions in both face processingm, and other
areas of cognition research®”. Third, face processing research has a good track record of using
converging evidence to build theory® . Individual differences methodology can be recruited alongside
evidence from experimental psychology, neuroscience, neuropsychology and computational modelling
to make significant progress in the field.

Research on individual differences in face processing has tended to focus on identity processing.
Tests have been designed that measure performance on a relatively small, narrowly defined set of tasks,
which often do not capture the richness of daily life. Nevertheless, differences in performance reveal a
multidimensional face processing system and its links to broader perceptual and cognitive processes.

In this Review, we explore why some people are better at certain face tasks than others, and whether
this variation helps to uncover the fundamental processes involved. We summarise the approaches to
measuring individual differences and the instruments developed across the broad range of face
perception tasks. We then consider the notion of ‘holistic’ processing — the tendency for faces to be
perceived as unitary objects rather than as a collection of parts’ — and describe how studies of
individual differences inform the representational codes supporting face perception. We highlight the
differences between perceiving familiar and unfamiliar faces, and point out the relative dearth of
individual differences studies of familiar face processing. Finally, we review the practical issues that
emerge for face processing in professional settings. Overall, we provide a snapshot of an approach that
contributes to our understanding of face perception and offers opportunities for insights that

complement converging evidence in the field.
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Throughout the Review, we use the term ‘face recognition’ to denote the process by which someone
is identified from their face. Recognition of identity is just one component of ‘face perception’, a term
that covers face processing for multiple purposes, including decisions about somebody’s expression,
age, or attractiveness, as well as their identity. We use the term ‘face processing’ to refer to any of the
perceptual, cognitive or neural processes underpinning face perception for any purpose. Finally, person
perception refers to the processing of perceptual information across a whole person including, for

example, someone’s voice or gait.

[H1] Converging research on face perception

Whereas the majority of individual differences research focuses on face recognitionlo, there is also

. .. .. . . 11.12
individual variation in other aspects of face perception

. Knowing how these different abilities co-
vary in the population can help reveal the structural and processing constraints that shape the face
processing system.

The traditional research emphasis in face perception has been on performance in clinical populations
or group-level analysis of average measures, in particular to detect transient changes induced by
experimental manipulation. By contrast, a focus on the natural variation between people’s face
processing abilities represents a fundamental shift in research focus. Although individual differences
research presents challenges for measuring natural variation, it also adds novel tools. As in other areas
of psychology, a single face perception study rarely fully resolves an issue through a conclusive
experiment or simulation. Instead, converging evidence is highly valued, and this is the spirit in which

individual differences techniques are becoming popular. Here we describe three major approaches taken

by individual differences researchers.

[H3] Extreme abilities

Much of the individual differences research literature derives from the observation that there are some
individuals who are unusually poor or unusually good at face recognition tasks. In addition to acquired
prosopagnosia (the inability to recognise faces as a result of brain damage), there are also people who

show poor recognition ability throughout life in the absence of known organic cause, a condition known

13-15

as developmental prosopagnosia (or sometimes ‘congenital prosopagnosia’: see Box 1). These

individuals typically report an inability to recognise familiar people on the basis of their face alone,

sometimes termed ‘face blindness’. Research on developmental prosopagnosia is complemented by

51618

studies on ‘super-recognisers , individuals with extremely high face recognition ability relative to
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the average person. These people often report that they can recognise previously seen faces in
challenging conditions, for example in poor lighting, and despite not having encountered them for many

years.

Recruiting participant groups with extreme abilities enables group-level comparisons between these
extreme profiles and average performers. This approach differs substantially from traditional
neuropsychological case studies in which an individual is compared to a single control individual or a
control group. Group studies on participants selected from extremes of the ability spectrum can offer
high statistical power for detecting differences and have the potential to provide insight into the
fundamental nature of that ability. This approach can be used to establish dissociations between
different subtypes of face processing abilitylg, or between face processing and other types of ability.
However, the increased power gained by group comparisons relies on a degree of homogeneity within

groups and people with developmental prosopagnosia can sometimes display rather diverse symptoms.

[H3] Variation within the normal range

There is growing awareness of the value of individual differences research across the entire range of
face processing abilities. Whereas face perception variability is sometimes studied to identify target
groups (for example, to establish a range of abilities from which one might select people to perform
face-related tasks such as checking passports) it is more commonly used to establish associations or
independence between variables of interest. The main tool for establishing the relationship between two
tasks is correlation — deriving a quantitative measure of the association between performance on two or
more different tasks. This method raises issues of the reliability and validity of particular scales of test
processing. The composition of the tests themselves is critical to scientific progress.

Associations between tests of face perception and other performance measures provide an
opportunity to understand the relationships between fundamental processes that are not easily
uncovered using traditional group-level analysis. For example, if people who are good at face
recognition also turn out to be good at voice recognition, that would provide evidence for some
commonality in the processing required of these tasks. Association studies between face processing and
broader cognitive tasks — for example 1Q tests — can address the key question of whether individual
differences in face processing reflect more domain-general differences in perceptual and cognitive

e 2021
abilities .

[H3] Structural Variation

The third major approach to individual differences in face perception is to link quantifiable structural
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variation — for example in genetic factors or brain physiology — to differences in face perception
abilities. A series of twin studies has demonstrated that certain face perception abilities — particularly
those related to recognition — are highly heritable* *. Along with the evidence from extreme
performers, the twin data has been taken to support a stable, trait-like ability underpinning performance
on some face perception tasks. Interestingly, this heritability is not observed for some other face
perception abilities, including those related to social attributions, for example ratings of perceived
trustworthiness'”. Patterns of findings in which certain abilities are strongly heritable but others are not
are a good example of how individual differences research can be used to constrain models of the face
processing network in general. For example, heritable face identity recognition abilities signal a
structural basis that is consistent with this being a discrete processing module.

In addition to genetic factors, individual differences have also been instructive for understanding the
relation between face processing abilities and variations in neural physiology. For example, better face

26-28

processing abilities have been linked to increased grey matter volume in certain regions™ ~, as well as

71 and connectivity between regions of the face processing network®’ (Box 2).

to neural activity
Relatively small participant group sizes in neurophysiological studies means that some of this evidence
is preliminary, but cumulative evidence from studies of individual differences provides a promising
approach linking face processing abilities to their neural substrates.

Finally, researchers have examined the relationship between face processing and certain pathologies.
For example, those with low levels of ability in social communication characteristic of Autism
Spectrum Disorder tend to perform poorly on a variety of face perception tasks’” including identity™
and emotion recognition’. People with Autism Spectrum Disorder also show abnormal patterns of
attention to faces>, as well as divergence from typical cognitive™ and neurophysiological®® markers of
face processing. Whether these are directly linked to reduced social communication abilities in Autism
Spectrum Disorder, or to other symptomatic sensory atypicalities, is not clear’’. Establishing the
complex causal links between face processing and more general communicative abilities therefore
remains a challenging task™.

Many of the questions addressed in studies of individual differences remain unresolved. But
accumulating evidence from the various strands we have outlined in this section demonstrates the
power of this approach to bring together research from cognitive psychology, genetics neuroscience
and psychopathology. By observing associations between these diverse measures of individual
differences, a multidimensional system of related face processing abilities begins to emerge, and its

mapping to structural properties can be revealed.
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[H1] Face processing abilities

A longstanding issue in philosophy, psychology, and neuroscience is the extent to which individual
differences in performance on cognitive tasks have a common underlying driver, for example 1Q.
Alternative ‘modular’ accounts hold that certain encapsulated processes such as early visual processing
operate relatively independently®. Face perception provides an important example of modularity in
higher-level processing, with converging evidence pointing to a degree of encapsulation: Individual
differences in face recognition tasks are independent of general intelligence™ and to some extent
general visual processing”**™*. These findings from the individual differences literature concur with
long-established evidence from other research traditions including neuropsychology44, neuroscience”’
and behavioural group studies*® showing dissociations between face perception and other types of
visual processing.

In the field of face perception the modularity issue arises in an often polarised debate about the

46-48
.In

functional specialisation of face processing relative to other high-level visual processing tasks
fact, individual difference studies show a moderate, rather than sharp, dissociation between face and
visual object perception tasks*™*’. Some studies report significant associations between face and

20,40,42,49,50 4
whereas face recognition™ and

general object perception ability (r ranging from .00 to .37)
perception”' do not correlate with non-visual aspects of intelligence. However, associations between
face and object recognition are consistently weaker than those between different face (r ranging from

20 to .65)**% or object recognition tasks (r ranging from .27 to .68)1%

. This pattern is consistent
with the observations that two thirds of people with developmental prosopagnosia have impaired object
recognition abilities™ abilities” and super-recognisers outperform control groups on non-face object
processing tasks'. Overall, these patterns of associations are not consistent with a strictly modular face
processing system, suggesting a graded rather than absolute distinction between face and object

perception abilities.

[H3] Measuring face processing

There is a range of face processing tasks used to study individual differences, including recognition of
identity, facial expression, and inferences about personal characteristics (Table 1). Tasks measuring
recognition of identity are highly over-represented compared to other aspects of face perception.
Diverse task formats have been used to study aspects of face processing (Fig. 1). Probing a particular
ability with a range of tests is valuable to gain converging evidence. High levels of convergence
suggest an underlying common ability, in contrast to highly task-specific abilities. But diversity in task

format can also pose problems for inferences about the relatedness between abilities — lack of
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association could be attributed to differences in superficial aspects of the tasks rather than the
underlying abilities.

Three key psychometric properties constrain the individual differences approach. First, test-retest
reliability, which is the correlation between test scores on the same test across two separate test
sessions. This property is critical for interpretation because it places an upper bound on the associations
between tests — associations between tests cannot exceed associations between a test and itself.
However, estimates of test-retest reliability are not available for most tests. The second property,
convergent validity, is the correlation between different tasks that ostensibly measure the same thing.
This property is similarly critical** because it establishes that the common variance in test scores is
attributable to an underlying ability recruited by the tests, rather than due to artifacts of any particular
test — for example the specific images that were used to create it. Third, external validity relates to
whether the tests measure what they are intended to measure, by correlating test scores with
performance outside the laboratory. In the context of face processing, externally valid tests capture
abilities as they are used in daily life, rather than reflecting the highly-specific context of psychological
assessment. Thus, whereas test-retest reliability can be measured using a single test (Table 1),

convergent and external validity are contingent on comparison with other tests.

[H3] Facial identity

The most common tests of face recognition require participants to remember previously seen faces (for
example, ‘which of these faces did you see earlier?’) or to match faces (for example, ‘do these two
photos show the same person?’). The results of facial identity processing tests show a wide diversity in
abilities across people® >’ but an individual’s score is highly stable over time, with test-retest

22-24

correlations typically above .7 (Table 1)**°'®. Face recognition is heritable** **, with correlations of

0.7 between scores of monozygotic twins, compared to 0.29 for dizygotic twins*, and estimates of

heritability ranging from 68 to 97%*>**

. Thus, identity processing can be measured reliably and
apparently taps a stable underlying dimension. Yet this evidence is based predominantly on a single test
of unfamiliar face memory, the Cambridge Face Memory Test, CFMT?”. It is therefore important to
confirm that this trait generalises beyond a specific test.

Regarding convergent validity of face identification tests, associations persist despite substantial
changes in task format. Similar results are observed despite differences in memory demands™-*°,
retention interval™, and types of response (for example, naming or multiple choice). The term f—
measured by associations between face tasks — is defined as a general factor underlying face identity

processing ability'. The reported correlation between tests of face memory and matching is typically in
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the range of .5 to 1

. It has been estimated that f can account for up to 25% of the variance across
face recognition tests — including the popular CFMT, Before They Were Famous Test (BFTWF), and
Glasgow Face Matching Test (GFMT)* — and it has been linked to particular polymorphisms from a
genome-wide association study”*’.Whereas these face tasks tend to correlate, reports typically show no
reliable associations between performance on these tasks and visual processing tasks for other objects.
This pattern is consistent with research in object recognition reporting a general factor accounting for
shared variance in novel object processing tasks (denoted o*”). The general object factor shows
relatively weak association with the CEMT (r = 0.28), providing converging evidence that face identity
processing is somewhat isolated from more general object processing ability.

Another key question is whether face recognition is a unitary ability across familiar and unfamiliar
faces. The study of identification commonly focuses on unfamiliar faces, despite the fact that
recognition of familiar people is an important component of daily life (only 3 out of 17 face recognition
tests use familiar faces, Table 1). This under-representation may be due to recognition of familiar faces
being generally easier than recognizing unfamiliar faces, so it is challenging to design discriminating
tasks. Furthermore, there is no common set of faces that are familiar to all individuals. People are
highly bound to their cultures, age and social groups, each having distinct sets of familiar faces such as
celebrities, politicians, and famous athletes®'. There are large behavioural differences between the
perception of familiar and unfamiliar faces, which have been argued to reflect qualitatively different

. 2—-64
processing®*®

.Some authors have reported an absence of correlation between familiar and unfamiliar
face recognition using matching tasks® but these tests tend to give near-perfect results for familiar
faces, limiting the measurement of their association. Studies using tests of familiar face naming tend to

20,42,66

find significant associations between familiar and unfamiliar face recognition , consistent with the

idea that face identity processing is a relatively coherent ability.

Self-report measures of face recognition ability correlate very highly with each other (r = .82)%, but
tend to predict test performance less well (r ranging from .14 to .52 )®72. Ad-hoc (non-psychometric)
tests of people’s insights into their face recognition abilities have reported even smaller associations to
actual performance (r = .13 to .26)’". This modest relationship between self-report and face identity
tests could be due to a general lack of metacognitive insight73 . Another possibility is that tests of face
recognition do not capture the processes involved in everyday recognition. This might also explain
relatively low correlations between standardised tests and more naturalistic learning and recognition
tasks, for example between CFMT scores and viewers’ recognition of faces from the TV show Game of
Thrones (r = 0.45)"*". Thus, although face identity processing tests show good internal, convergent,

and divergent validity, important questions remain regarding their external validity. Establishing
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external validity is critical if face identity tests are to be used for selecting good face recognisers in

professional settings'®, and so we return to this issue later (see Practical Implications).

[H3] Expressions and impressions
The study of emotion perception in faces has been dominated by a debate about whether a few ‘basic’
emotions are expressed and perceived similarly by all humans’®’®. However, using the individual
differences approach, some studies of subtle variations in expression recognition show reliable

11,79-81

between-person differences in the ability to judge emotion . In contrast to identity processing, the

pattern of correlation on tests of emotion recognition is highly sensitive to changes in the particular
emotions being expressed” and the task format''. This pattern points to a lack of convergence onto a
unitary process for the visual analysis of facial expression. Instead, it seems that the recognition of
different emotions (for example, happiness or fear) call on somewhat different abilities™**.

One focus of individual differences research has been social and aesthetic judgments made to
unfamiliar faces (that is, the faces of people unknown to the viewers). When asked to judge the
trustworthiness or dominance of a face, viewers tend to agree with each other, even though these

83-86

judgements are typically not accurate indicators of a person’s true character”” . People asked to judge

the attractiveness of a face, show moderate levels of agreement, albeit lower than their ratings of

87-89

trustworthiness/dominance”’ ~ . Despite some agreements between people in making social judgments,

there remains some variation, pointing to idiosyncrasies in individual perceptions, which appear to be
relatively stable over time'*® .

Unlike face identity processing, variation in social judgements is not associated with genotype. A
large-scale twin study showed that trustworthiness judgements of unfamiliar faces vary more strongly
with the viewers’ personal experiences than their genetics'?. Individual variation in aesthetic

judgements of attractiveness is also associated more strongly with environment than genes®’. The

78,84,90
, and

implication of current research is that social judgements are a product of social learning
researchers are beginning to propose mechanistic accounts of this learning at an individual level. For

example, trustworthiness and attractiveness judgments appear to be linked to transitory changes such as

91-93

smiling or warm expressions” . This observation reflects an emerging view that social signals from

faces are intertwined in real world tasks, limiting the external validity of many lab-based tasks that use

artificial faces or highly standardised images’**°.

[H3] Multimodal person perception
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In daily life, people perceive information about each other using multiple sources, including cues from
voices, bodies, clothing, and context. Lab-based experiments using isolated faces can obscure the fact
that recognising or making a perceptual judgement about someone usually involves many cues
presented together and often in redundant combinations. For example, a viewer might recognise a
friend from their face, their walking style, a particular jacket, and the fact that they arrive at an arranged
meeting on time (Fig. 2). Variation in real life person perception might incorporate differences in all
these dimensions too — each requires cognitive and perceptual decisions, and so they may be subject to
individual variation between people.

Within the visual domain, the ability to recognise facial identity is only weakly correlated with the
ability to process cues from bodies and movement’’, suggesting somewhat separable processes. Beyond

98-100

vision, there are widespread differences in people’s ability to recognise voices over and above

general differences in auditory perception'®’. On tests of identity using matching and similarity tasks,

102

there is some evidence for an association between recognising faces and recognising voices ~ and

some individuals have high ability levels in both'"

. Associations are typically quite small (r ranging
from .24 to .41)"'** and so cross-modal mechanisms do not seem to underpin all voice recognition. The
relatively weak association between face and voice recognition is further supported by the report of
individuals with developmental prosopagnosia but intact familiar voice recognition104.

There are also associations between decisions about attractiveness from voices and faces (r from .15
to .34)'1%_ The perception of attractiveness appears to be multimodal and can be influenced by

"7 Well-established individual differences in olfactory sensory apparatus' " and effects

olfactory cues
of scent on other impression judgments107 highlight the potential for individual differences in the
associations between olfactory and visual cues to social judgments.

Individual differences in judgements of emotion from faces and voices also appear to show common
processing across modalities™'' and this association extends to tactile perception, elicited by the touch
of another personlog. Connolly and colleaguesz’3 identify shared variability for tests of expression
recognition accuracy from both face and voice stimuli, which they describe as a ‘supra-modal’ factor
underlying emotion perception. This factor is related to the ability to introspect on one’s own emotional
state, which varies dimensionally in the typical population®. The association between face processing
and social abilities in the general population has implications for the diagnosis of pathology (Box 1),

110,111

for example emotion processing impairments in psychopathy and autism''*.

Studying individual differences in face processing abilities has contributed to a greater
understanding of the subtle ways in which the different aspects of face processing are related.

Associations between performance on multiple face tasks, including identity recognition and
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expression perception, points to some shared underlying processes. For emotion perception
particularly, these processes appear to be multi-modal, incorporating vision, audition and touch.
However, it has also been possible to establish some key differences between different face processing
abilities, for example the strong genetic component underlying identity recognition, but not social

judgements.

[H1] Underlying representations

Research on the associations between different abilities, as described in the previous section, is
complemented by a parallel focus on the cognitive mechanisms. Models of face perception posit
multiple (serial or parallel) processing stages between visual input and perceptual decisions®. Neural
models instantiate these networks in connected brain regions’ (Box 2). In the study of individual
differences, these networks are revealed as systems of related abilities that provide converging sources
of information to support perception. Individual differences research tends to report some overlap in

2,3,11,113-115

people’s abilities in recognition and emotion perception . This pattern suggests some shared

representational resource between abilities to recognise identities and emotions.

Patterns of association and dissociation help clarify the modular structure and representations of the
face processing system. For example, research on developmental prosopagnosia has found that some

19,117

individuals show impaired gender discrimination''® but spared facial age estimation . This pattern

provides good evidence that perception of age is not dependent on identity or gender perception.

These studies begin from an observed data pattern to determine the underlying cognitive processes.
Working in the reverse direction, an understanding of the underlying representations used by the face
processing system can help to explain observed differences in performance. We examine this latter

approach next.

[H3] Holistic processing

Holistic processing refers to the idea that perception of a whole object (or Gestalt) has precedence over
perception of its parts. Faces are widely believed to be perceived more holistically than other types of
objectsg. Individual facial features (for example, eyes or noses) are easier to remember when embedded
in a face than in isolation''® Similarly, when the top and bottom halves of two different faces are

aligned to form a new face, the composed face appears as a new identity'"”.

The importance of holistic face processing has led to the hypothesis that the extent to which

different people process faces holistically might underpin differences in their face processing
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10,59,120,121

ability . However, this hypothesis is not well supported among individuals with face

processing in the typical range. One of the most popular measures of holistic processing is the
Composite Face Effect''®, a phenomenon in which the top and bottom halves of two different faces are
aligned and tend to fuse perceptually into a single new face. This fusion impedes the separate

processing of the face halves compared to when they are not aligned. Some studies show weak-to-

moderate correlation between the composite face effect and performance on the CFMT™'*"'* but

21,123 59,124

others have found no association with CFMT or other face recognition tasks .The performance

of individuals with developmental prosopagnosia also provides mixed evidence for an association
between holistic processing and face recognition ability. Some studies have found slightly poorer

holistic processing in individuals with developmental prosopagnosia by comparison to controls'* %’

. . 124,128-130
while others have found no difference " .

Another challenge to the use of holistic representations as an explanation for differences in face
processing is that a person’s ability to perform face perception tasks from whole images is highly

correlated with their ability to recognise isolated face features'”’

. Some individuals with developmental
prosopagnosia have equivalent impairment on face recognition from isolated features and from whole
faces'®, and a hallmark of super-recognisers is their ability to identify faces from relatively limited

local face information'*>!¥

. Furthermore, recognition is less impacted by distortions that change the
spatial layout of facial features in high compared to low performers within the typical range'**, and
those at the top of the typical range are less sensitive to changes in global shape of a face'*>!*°. These
findings suggest the need for a more sophisticated understanding of the representational differences
underlying face processing ability'”".

Progress in this area also relies on a greater understanding of the tasks themselves. Problems of

59,121,138,139

measurement have dominated research on holistic processing for over a decade and the

B! Even the best-established

challenge of developing valid and reliable measures appears intractable
measures of holistic processing suffer from very low reliability and do not correlate with differences in
face recognition performance despite best practice in psychometric approach'*"'**'*!_ These
observations might signal a problem with the construct of holistic processing itself. Other measures of
holistic processing, including face inversion effects (faces are harder to process upside down) and part-
whole effects (recognition of isolated features is easier when they are embedded in a face) also correlate

very poorly with each other'**

. This pattern is perhaps symptomatic of a broader lack of clarity in
operationalising processing mechanisms in the field'””'**. Substantial methodological and conceptual
challenges need to be overcome to understand how differences in underlying representations give rise to

differences in ability.
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[H3] Unfamiliar and familiar faces

Research on individual differences has overwhelmingly examined recognition of unfamiliar faces, yet
the faces of familiar people comprise much of personal daily experience. Group-level evidence shows
that familiarity is directly related to recognition success, viewers are much better at recognizing

familiar than unfamiliar faces™!**1%

and higher levels of familiarity exert more powerful modulating
effects on neural responses®'*“"**_ If differences between familiar face representations are important

for performance within an individual, these differences could also be important between individuals.

Performance in recognising famous faces is moderately related to performance on an unfamiliar face
test (CEMT), with correlations ranging from .55* to .33?’. There is also some evidence that the
representations underlying familiar and unfamiliar face recognition tasks are distinct. Whereas high
performers on a famous face test were less reliant on global face shape than low performers, high
performers on the CFMT (unfamiliar faces) showed the opposite pattern and were more reliant on

global face shape'*°.

For familiar faces, idiosyncratic cues contribute to the representation of identity'”""'*%. One face
might be recognised from a characteristic smirk, another from distinctive facial speech movements.
Analyses of multiple images of the same person reveal not only consistent differences between people,

153,154 oy .
33154 T4 become familiar with a new face, one needs to

but also idiosyncratic within-person variability
experience the range over which that face can vary'>>'°. This multidimensional view of familiar face
representations has implications for individual differences in responses to unfamiliar faces too. People
who are particularly skilled at unfamiliar face recognition recruit elaborate semantic and emotional
representations more commonly used for familiar face processing™*’. In this way, the difficulty of

unfamiliar face recognition may be alleviated to some extent in skilled viewers.

Representations of the same faces, both familiar and unfamiliar, also diverge considerably across
individuals. For example, participants disagree entirely which images of unfamiliar faces look most
similar to one another'”’, and there are large differences in the photos that people report as showing the
best likeness of a familiar face'”®. Research on the representations underlying these differences is rare
and it remains puzzling why different viewers show different patterns of similarity between the same
familiar faces.

In summary, researchers have sought to explain differences in performance on face tasks through
differences in viewers’ underlying representations. The degree to which people tend to use holistic
processing was once thought to be a good candidate to explain variation in face recognition

performance, but the evidence is weak. Differences between recognition of familiar and unfamiliar face
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recognition offer some promise for understanding the relationship between people’s representations and
their performance. Further exploration of this relationship will require detailed investigation of people’s

idiosyncratic representations of the faces they know.

[H1] Practical implications

In addition to providing theoretical understanding, studying individual differences brings practical
implications. For example, face perception in disorders influencing social cognition has clinical

159-162
. There are also

relevance (Box 1) and social consequences for individuals with these disorders
clear societal implications of individual differences in face recognition. The outcomes of face
identification decisions in security and forensic settings can often be profound — impacting civil
liberties and even leading to wrongful convictions — and the science of individual differences can help

address these problems.

Identity-checking

Tasks that involve checking the identity of unfamiliar people are known to be difficult and error-prone.
Error rates of 20-30 percent are common in studies asking viewers to match two different photos of the

same person, taken on different occasions, even when using high quality images taken in good

163

lighting ™. This difficulty extends to professionals who conduct daily face matching, such as in

passport control or forensic face identification. In a meta-analysis of 29 comparisons between

professional groups and participants from the general population on tests of unfamiliar face identity

164

matching, 40% of tests showed equivalent face matching accuracy in these groups . High error rates

were found in staff performing a variety of important identity verification roles in border control'®,

167,1 . 1 . . 17 171
67168 ' nolice departments'®, security firms'’® and banks'".

government offices'®®, passport issuance
Simply performing identification tasks in daily work is not sufficient for expertise. Furthermore, current

approaches to training in many professional settings are ineffective (Box 3).

The discovery of reliable individual differences in face recognition provides one means of
addressing this problem. It is becoming increasingly popular to select people for specialist face
identification roles on the basis of their natural ability as measured by standard tests. This strategy has

172,173

been used by the London Metropolitan Police and the Australian Passport Office'®®, with groups

selected for high face performance showing 10-20% gains in accuracy over control groups.

Forensic face identification



493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525

Facial forensic examiners — who analyse similarities and differences between face images to provide
evidentiary reports for police investigations and criminal trials — outperform standard participant groups

. 57,164,174,17
by roughly the same margin’”'**""*17

as selectively-recruited, but untrained, super-recognisers. In
contrast to super-recognisers’ quick and intuitive recognition ability, forensic abilities are founded on
years of deliberate training in comparing images of unfamiliar faces'’® and involve slow, analytic
comparison' 7.

Forensic identifications are also made by eye-witnesses. These are highly vulnerable to error, with
meta-analysis suggesting that 50% of eyewitness lineup selections are wrong'’’. Given the range of
face recognition abilities in the general population, it is likely that a large proportion of errors are made
by people with relatively poor face recognition abilities. Researchers have examined the use of tests of
face identification to screen eyewitnesses, an approach that pre-dates broader interest in individual
differences'’®. Face recognition tests can be used to predict eyewitness errors'”*, by allowing law-
enforcement officers to weigh witnesses’ identifications against their objective abilities. Furthermore,
eyewitnesses are often overconfident, and tests can establish whether particular individuals tend to
over-estimate their recognition performance, providing a level of credibility to testimony’ > **'%!.

The potential for individual difference research to improve accuracy in real-world tasks relies on
reliable and valid tests. From an applied perspective, valid tests must correspond with real-world tasks.
As a basic example, a face memory test might not be an optimal measure for professionals who are
required to match but not remember faces. However, there is sufficient task diversity among relevant
practitioners to present a nontrivial challenge in choosing tests for specific professional contexts'®.

Forensic identifications made from CCTV involve a complex set of cognitive demands'™*

and might
incorporate cues beyond the face including behaviour, gait, or clothing. The use of these cues these
might each represent separate skills”’. Preliminary evidence suggests that face recognition tests are not
especially reliable predictors of performance on CCTV monitoring tasks75’183indicating that basic
understanding of skills underpinning accuracy on different real-world identification tasks is lacking.
The challenges in forensic face identification echo the lack of diversity in measures for effectively
capturing everyday abilities. Batteries of face tests that target distinct subskills provide an alternative to

18,52

reducing ability to a single test score ", and might provide the necessary flexibility to capture the

multidimensional nature of person identification for both applied and theoretical use.

Human-AI collaboration
Face recognition in applied settings increasingly relies on combined processing by humans and

technology. Deep neural network approaches to facial recognition have been highly successful and the
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best-performing systems are now as accurate as both super-recognisers and facial forensic examiners”’.
Such automated processes are used for passport control in some countries as well as police searches for
suspects in image surveillance'®*. Critically, in many of these applications, the technology does not
replace human processing but rather presents operators with arrays of potential matches for follow-up.
This procedure automatically makes easy match decisions, leaving more difficult matches to human

. . . . 168
reviewers and error rates in human review can be as high as 50%

. Thus, this type of forensic
identification can be problematic in the same way as traditional identification processes, such as
eyewitness lineups'”’.

Selecting people with the necessary skills to review matches generated by facial recognition
technology is a potential way to reduce error rates. Moreover, it appears that personnel selection can be
tailored to the specific face recognition algorithms that are being used. Statistical aggregation of the
decisions made by algorithm and high performing humans produces accuracy that exceeds either
algorithms or humans alone®’. This statistical combination benefit is driven by independent processes
recruited by algorithms and human perceivers. Given the present revival of interest in deep learning

185,186

networks as models of face processing , evaluating similarities and differences between human and

machine processing can also lead to theoretical advances.

[H1] Summary and future directions

Individual differences research is a complementary approach to traditional group studies for
understanding face perception. In a field that has traditionally drawn on converging evidence,
individual differences research enables new questions to be asked and can address some long-standing
issues. Although there has been considerable research focusing on people with extreme levels of ability
(individuals with developmental prosopagnosia and super-recognisers), there is considerable potential

for broader scientific progress across the full scale of abilities.

The study of individual differences has also highlighted some major problems in the field of face
perception. Perhaps the most significant of these is the problem of measurement. The construction of
reliable and valid tests lies at the heart of an individual differences research programme, but tests of
face perception remain comparatively weak in these properties. Without reliable tests, it is impossible
to draw valid conclusions. Although the construction of new tests remains a challenge, it would be
relatively straightforward for researchers to only use tests with published test-reliability measures. The
problem of reliability in psychological measures is not specific to the study of face processing, but the
problem seems particularly acute in this field because there are multiple tests for measuring each aspect

of face processing (Table 1).
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The issue of measurement has also highlighted another problem with the theory-led approach to
some face recognition questions. A good example is the widespread view that holistic perceptual
processing underlies face perception. However, the set of tests used to measure holistic processing
correlate very poorly with each other'** - a key finding that has perhaps not yet had the influence it
deserves. Theoretical statements based on holistic processing are common and the field has perhaps

been too willing to adopt these generalisations without clear operationalistationn'**

. At the very least,
holistic processing accounts of face perception should specify the relevant measure of holistic
processing’".

Another major challenge remains in eliciting general principles of face perception while
acknowledging that every person has different experience with faces. Developing methods for studying
variation in familiar face recognition will be a major challenge, given the highly idiosyncratic set of
personally familiar faces and the laborious processes required to tailor experimental materials to

TR . 64,148,149,187
individual participants

. For example, one person might not recognise Barack Obama and
another might not recognise Kim Kardashian — discrepancies that often lead to mutual disbelief.
Approaches targeting specific cohorts of TV viewers who have comparable perceptual exposure could
offer a promising solution to this methodological problem’*. Most studies of familiar face perception
treat familiarity as a binary categorisation (familiar/unfamiliar), a methodological constraint which has,
to some extent, obscured our understanding using traditional experimental approaches'*. It remains to
be seen whether individual differences approaches, which conceptually differentiate between people,
can be harnessed to capture natural idiosyncrasy.

In this Review, we have emphasised the implications of multiple sources of information for face
perception. We have shown how individual differences approaches shed light on the perceptual

architecture necessary to use faces in the flexible ways that humans do. Yet, the biggest unsolved

problem in face perception remains how someone recognises the people they know.



585 References

586 1. Calder, A. J. & Young, A. W. Understanding the recognition of facial identity and facial expression.
587 Nat. Rev. Neurosci.

588 6, 641-651, DOI: 10.1038/nrn1724 (2005).

589 2. Connolly, H. L., Young, A. W. & Lewis, G. J. Recognition of facial expression and identity in part
590 reflects a common ability, independent of general intelligence and visual short-term memory.

591 Cogn. Emot. 33, 1-10, DOI: 10.1080/02699931. 2018.1535425 (2018).

592 3. Connolly, H. L., Lefevre, C. E., Young, A. W. & Lewis, G. J. Emotion recognition ability:

593 Evidence for a supramodal factor and its links to social cognition. Cognition 197, 104166, DOI:
594 10.1016/j.cognition.2019.104166 (2020).

595 4. Vogel, E. K., McCollough, A. W. & Machizawa, M. G. Neural measures reveal individual

596 differences in controlling access to working memory. Nature 438, 500-503, DOI:

597 10.1038/nature04171 (2005).

598 5. Kanai, R. & Rees, G. The structural basis of inter-individual differences in human behaviour and
599 cognition. Nat. Rev. Neurosci. 12, 231-242, DOI: 10.1038/nrn3000 (2011).

600 6. Bruce, V. & Young, A. Understanding face recognition. Br. J. Psychol. 77, 305-327, DOLI:

601 10.1111/j.2044-8295.1986. tb02199.x (1986).

602 7. Haxby, J. V. et al. The distributed human neural system for face perception. Trends Cogn. Sci. 4,
603 223-233, DOI: 10.1016/s1364-6613(00)01482-0 (2000).

604 8. Jenkins, R., White, D., Montfort, X. V. & Burton, A. M. Variability in photos of the same face.
605 Cognition 121, 313-323, DOI: 10.1016/j.cognition.2011.08.001 (2011).

606 9. Farah, M. J., Wilson, K. D., Drain, M. & Tanaka, J. N. What Is “Special” About Face Perception?
607 Psychol. Rev. 105, 482—-498, DOI: 10.1037/0033-295x.105.3.482 (1998).

608 10. Wilmer, J. B. Individual Differences in Face Recognition: A Decade of Discovery. Curr. Dir.

609 Psychol. Sci. 26, 225-230, DOI: 10.1177/0963721417710693 (2017).

610 11. Palermo, R., O’Connor, K. B., Davis, J. M., Irons, J. & McKone, E. New Tests to Measure

611 Individual Differences in Matching and Labelling Facial Expressions of Emotion, and Their
612 Association with Ability to Recognise Vocal Emotions and Facial Identity. PLoS ONE 8, 68126,
613 DOI: 10.1371/journal.pone.0068126 (2013).

614 12. Sutherland, C. A. M. et al. Individual differences in trust evaluations are shaped mostly by



615
616

617
618

619
620

621
622
623

624
625
626

627
628

629
630

631
632

633
634
635

636
637

638
639

640
641

642
643

644
645

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

environments, not genes. Proc. Natl. Acad. Sci. 117, 10218-10224, DOI:
10.1073/pnas.1920131117 (2020).

McConachie, H. R. Developmental Prosopagnosia. A Single Case Report. Cortex 12, 7682, DOI:
10.1016/ s0010-9452(76)80033-0 (1976).

Behrmann, M. & Avidan, G. Congenital prosopagnosia: face-blind from birth. Trends Cogn. Sci. 9,
180-187, DOI: 10.1016/j.tics.2005.02.011 (2005).

Dobel, C., Bolte, J., Aicher, M. & Schweinberger, S. R. Prosopagnosia Without Apparent Cause:
Overview and Diagnosis of Six Cases. Cortex 43, 718733, DOI: 10.1016/s0010-9452(08)70501-x
(2007).

Bobak, A. K., Bennetts, R. J., Parris, B. A., Jansari, A. & Bate, S. An in-depth cognitive

examination of individuals with superior face recognition skills. Cortex 82, 48—62, DOI:

10.1016/j.cortex.2016.05.003 (2016).

Russell, R., Duchaine, B. & Nakayama, K. Super-recognizers: People with extraordinary face

recognition ability. Psychon. Bull. & Rev. 16, 252-257, DOI: 10.3758/pbr.16.2.252 (2009).

Ramon, M., Bobak, A. K. & White, D. Super-recognizers: From the lab to the world and back
again. Br. J. Psychol. 110, 461-479, DOI: 10.1111/bjop.12368 (2019).

Chatterjee, G. & Nakayama, K. Normal facial age and gender perception in developmental

prosopagnosia. Cogn. Neuropsychol. 29, 482-502, DOI: 10.1080/02643294.2012.756809 (2012).

McCaffery, J. M., Robertson, D. J., Young, A. W. & Burton, A. M. Individual differences in face
identity processing.

Cogn. Res. Princ. Implic. 3,21, DOI: 10.1186/s41235-018-0112-9 (2018).

Verhallen, R. J. ef al. General and specific factors in the processing of faces. Vis. Res. 141, 217—
227, DOLI: 10.1016/j. visres.2016.12.014 (2017).
Wilmer, J. B. et al. Human face recognition ability is specific and highly heritable. Proc. Natl.

Acad. Sci. 107, 52385241, DOI: 10.1073/pnas.0913053107 (2010).

Zhu, Q. et al. Heritability of the Specific Cognitive Ability of Face Perception. Curr. Biol. 20,
137-142, DOI: 10.1016/j.cub.2009.11.067 (2010).

Shakeshaft, N. G. & Plomin, R. Genetic specificity of face recognition. Proc. Natl. Acad. Sci. 112,
12887-12892, DOI: 10.1073/pnas. 1421881112 (2015).

Lewis, G. J., Shakeshaft, N. G. & Plomin, R. Face Identity Recognition and the Social Difficulties
Component of the Autism-Like Phenotype: Evidence for Phenotypic and Genetic Links. J. Autism



646 Dev. Disord. 48, 27582765, DOI: 10.1007/s10803-018-3539-4 (2018).

647 26. Garrido, L. et al. Voxel-based morphometry reveals reduced grey matter volume in the temporal
648 cortex of developmental prosopagnosics. Brain 132, 3443-3455, DOI: 10.1093/brain/awp271
649 (2009).

650 27. McGugin, R. W., Newton, A. T., Tamber-Rosenau, B., Tomarken, A. & Gauthier, I. Thickness of

651 Deep Layers in the Fusiform Face Area Predicts Face Recognition. J. Cogn. Neurosci. 32, 1316—
652 1329, DOI: 10.1162/jocn_a_01551 (2020).

653 28. Jin, Z. et al. Impaired face recognition is associated with abnormal gray matter volume in the
654 posterior cingulate cortex in congenital amusia. Neuropsychologia 156, 107833, DOI:

655 10.1016/j.neuropsychologia.2021.107833 (2021).

656 29. Ramot, M., Walsh, C. & Martin, A. Multifaceted Integration: Memory for Faces Is Subserved by
657 Widespread Connections between Visual, Memory, Auditory, and Social Networks. J. Neurosci.

658 39, 49764985, DOLI: 10.1523/jneurosci.0217-19. 2019 (2019).

659 30. Elbich, D. B. & Scherf, S. Beyond the FFA: Brain-behavior correspondences in face recognition

660 abilities. Neurolmage

661 147, 409422, DOI: 10.1016/j.neuroimage.2016.12.042 (2017).

662 31. Weibert, K. & Andrews, T. J. Activity in the right fusiform face area predicts the behavioural
663 advantage for the perception of familiar faces. Neuropsychologia 75, 588-596, DOI:

664 10.1016/j.neuropsychologia.2015.07.015 (2015).

665 32. Webb, S. J., Neuhaus, E. & Faja, S. Face perception and learning in autism spectrum disorders. The Q.
666 J. Exp. Psychol.

667 70, 1-17, DOI: 10.1080/17470218.2016.1151059 (2016).

668 33. Hedley, D., Brewer, N. & Young, R. Face recognition performance of individuals with Asperger
669 syndrome on the Cambridge face memory test. Autism Res. 4, 449-455, DOI: 10.1002/aur.214
670 (2011).

671 34. Uljarevic, M. & Hamilton, A. Recognition of Emotions in Autism: A Formal Meta-Analysis. J.
672 Autism Dev. Disord. 43, 1517-1526, DOI: 10.1007/s10803-012-1695-5 (2013).

673 35. Behrmann, M. et al. Configural processing in autism and its relationship to face processing.

674 Neuropsychologia 44, 110-129, DOI: 10.1016/j.neuropsychologia.2005.04.002 (2006).

675 36. Harms, M. B., Martin, A. & Wallace, G. L. Facial Emotion Recognition in Autism Spectrum

676 Disorders: A Review of Behavioral and Neuroimaging Studies. Neuropsychol. Rev. 20, 290-322,



677

678
679

680
681

682
683
684

685
686
687
688

689
690
691

692
693
694

695
696
697

698
699

700
701
702

703
704

705
706

707

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

DOI: 10.1007/s11065-010-9138-6 (2010).

Pellicano, E. & Burr, D. When the world becomes ‘too real’: a Bayesian explanation of autistic

perception. Trends Cogn. Sci. 16, 504-510, DOI: 10.1016/j.tics.2012.08.009 (2012).

Pylyshyn, Z. Is vision continuous with cognition?: The case for cognitive impenetrability of visual

perception. Behav. Brain Sci. 22, 341-365, DOI: 10.1017/s0140525x99002022 (1999).

Gignac, G. E., Shankaralingam, M., Walker, K. & Kilpatrick, P. Short-term memory for faces
relates to general intelligence moderately. Intelligence 57, 96—104, DOI:
10.1016/j.intell.2016.05.001 (2016).

Dennett, H. W. et al. The Cambridge Car Memory Test: A task matched in format to the
Cambridge Face Memory Test, with norms, reliability, sex differences, dissociations from face
memory, and expertise effects. Behav. Res. Methods 44, 587-605, DOI: 10.3758/s13428-011-
0160-2 (2012).

Richler, J. J., Wilmer, J. B. & Gauthier, 1. General object recognition is specific: Evidence from novel
and familiar objects.

Cognition 166, 42-55, DOI: 10.1016/j.cognition.2017.05.019 (2017).

Wilmer, J. B. et al. Capturing specific abilities as a window into human individuality: The example of
face recognition.

Cogn. Neuropsychol. 29, 360-392, DOI: 10.1080/02643294.2012.753433 (2012).

Geskin, J. & Behrmann, M. Congenital prosopagnosia without object agnosia? A literature review.
Cogn. Neuropsychol.
35, 1-51, DOI: 10.1080/02643294.2017.1392295 (2017).

McNeil, J. E. & Warrington, E. K. Prosopagnosia: A face-specific disorder. The Q. J. Exp.
Psychol. Sect. A 46, 1-10, DOI: 10.1080/14640749308401064 (1993).

Kanwisher, N. & Yovel, G. The fusiform face area: a cortical region specialized for the perception
of faces. Philos. Transactions Royal Soc. B: Biol. Sci. 361, 2109-2128, DOI:
10.1098/rstb.2006.1934 (2006).

McKone, E., Kanwisher, N. & Duchaine, B. C. Can generic expertise explain special processing

for faces? Trends Cogn. Sci. 11, 8-15, DOI: 10.1016/j.tics.2006.11.002 (2007).

Kanwisher, N. Domain specificity in face perception. Nat. Neurosci. 3, 759763, DOI: 10.1038/77664
(2000).

Gauthier, 1., Curran, T., Curby, K. M. & Collins, D. Perceptual interference supports a non-



708

709
710

711
712
713

714
715

716
717
718

719
720

721
722
723

724
725
726
727

728
729

730
731
732

733
734
735

736
737

738

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

modular account of face processing. Nat. Neurosci. 6, 428—432, DOI: 10.1038/nn1029 (2003).

Richler, J. J. et al. Individual Differences in Object Recognition. Psychol. Rev. 126, 226251,
DOI: 10.1037/rev0000129 (2019).

Dunn, J. D., Summersby, S., Towler, A., Davis, J. P. & White, D. UNSW Face Test: A screening tool
for super-recognizers.

PLOS ONE 15, 0241747, DOI: 10.1371/journal.pone.0241747 (2020).

Balsdon, T., Summersby, S., Kemp, R. I. & White, D. Improving face identification with specialist
teams. Cogn. Res. Princ. Implic. 3, 25, DOI: 10.1186/s41235-018-0114-7 (2018).

Fysh, M. C., Stacchi, L. & Ramon, M. Differences between and within individuals, and
subprocesses of face cognition: implications for theory, research and personnel selection. Royal

Soc. Open Sci. 7, 200233, DOI: 10.1098/rs0s.200233 (2020).

Bobak, A. K., Pampoulov, P. & Bate, S. Detecting Superior Face Recognition Skills in a Large
Sample of Young British Adults. Front. Psychol. 7, 1378, DOI: 10.3389/fpsyg.2016.01378 (2016).

Stantic, M. et al. The Oxford Face Matching Test: A non-biased test of the full range of individual
differences in face perception. Behav. Res. Methods 1-16, DOI: 10.3758/s13428-021-01609-2
(2021).

Duchaine, B. & Nakayama, K. The Cambridge Face Memory Test: Results for neurologically
intact individuals and an investigation of its validity using inverted face stimuli and prosopagnosic
participants. Neuropsychologia 44, 576585, DOI: 10.1016/j.neuropsychologia.2005.07.001
(2006).

Burton, A. M., White, D. & McNeill, A. The Glasgow Face Matching Test. Behav. Res. Methods
42,286-291, DOI: 10.3758/brm.42.1.286 (2010).

Phillips, P. J. et al. Face recognition accuracy of forensic examiners, superrecognizers, and face
recognition algorithms.

Proc. Natl. Acad. Sci. 115, 201721355, DOI: 10.1073/pnas.1721355115 (2018).

White, D., Guilbert, D., Varela, V. P. L., Jenkins, R. & Burton, A. M. GFMT2: A psychometric
measure of face matching ability. Behav. Res. Methods 1-9, DOI: 10.3758/s13428-021-01638-x
(2021).

Richler, J. J., Cheung, O. S. & Gauthier, I. Holistic Processing Predicts Face Recognition. Psychol.
Sci. 22, 464-471, DOI: 10.1177/0956797611401753 (2011).

Verhallen, R. J. ef al. An online version of the Mooney Face Test: phenotypic and genetic associations.



739
740

741
742

743
744

745
746
747

748
749

750
751

752
753

754
755
756

757
758
759

760
761
762

763
764
765

766
767

768
769

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Neuropsychologia
63, 19-25, DOI: 10.1016/j.neuropsychologia.2014.08.011 (2014).

Jenkins, R., Dowsett, A. J. & Burton, A. M. How many faces do people know? Proc. Royal Soc. B
285, 20181319, DOI: 10.1098/rspb.2018.1319 (2018).

Johnston, R. A. & Edmonds, A. J. Familiar and unfamiliar face recognition: A review. Memory 17,

577-596, DOI: 10.1080/09658210902976969 (2009).

Collins, E., Robinson, A. K. & Behrmann, M. Distinct neural processes for the perception of
familiar versus unfamiliar faces along the visual hierarchy revealed by EEG. Neurolmage 181,

120-131, DOI: 10.1016/j.neuroimage.2018.06.080 (2018).

Wiese, H. et al. A Robust Neural Index of High Face Familiarity. Psychol. Sci. 30, 261-272, DOLI:
10.1177/ 0956797618813572 (2019).

Megreya, A. M. & Burton, A. M. Unfamiliar faces are not faces: Evidence from a matching task.

Mem. & Cogn. 34, 865-876, DOI: 10.3758/bf03193433 (2006).

Bate, S. et al. Objective Patterns of Face Recognition Deficits in 165 Adults with Self-Reported
Developmental Prosopagnosia. Brain Sci. 9, 133, DOI: 10.3390/brainsci9060133 (2019).

Matsuyoshi, D. & Watanabe, K. People have modest, not good, insight into their face recognition
ability: a comparison between self-report questionnaires. Psychol. Res. 85, 1713—-1723, DOI:
10.1007/s00426-020-01355-8 (2021).

Bobak, A. K., Mileva, V. R. & Hancock, P. J. Facing the facts: Naive participants have only
moderate insight into their face recognition and face perception abilities. Q. J. Exp. Psychol. 72,

872881, DOI: 10.1177/1747021818776145 (2018).

Gray, K. L. H., Bird, G. & Cook, R. Robust associations between the 20-item prosopagnosia index
and the Cambridge Face Memory Test in the general population. Royal Soc. Open Sci. 4, 160923,
DOI: 10.1098/rs0s.160923 (2017).

Ventura, P., Livingston, L. A. & Shah, P. Adults have moderate-to-good insight into their face
recognition ability: Further validation of the 20-item Prosopagnosia Index in a Portuguese sample.

Q. J. Exp. Psychol. 71, 2677-2679, DOI: 10.1177/1747021818765652 (2018).

Palermo, R. et al. Do people have insight into their face recognition abilities? The Q. J. Exp.
Psychol. 70, 1-16, DOI: 10.1080/17470218.2016.1161058 (2017).

Arizpe, J. M. et al. Self-reported face recognition is highly valid, but alone is not highly

discriminative of prosopagnosia- level performance on objective assessments. Behav. Res. Methods



770

771
772

773
774

775
776
777

778
779

780
781
782

783
784

785
786

787
788
789

790
791
792

793
794
795

796
797

798
799

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

51, 1102-1116, DOI: 10.3758/s13428-018-01195-w (2019).

Zhou, X. & Jenkins, R. Dunning—Kruger effects in face perception. Cognition 203, 104345, DOI:
10.1016/j.cognition. 2020.104345 (2020).

Devue, C., Wride, A. & Grimshaw, G. M. New Insights on Real-World Human Face Recognition. J.
Exp. Psychol. Gen.148, 994—-1007, DOI: 10.1037/xge0000493 (2018).

Thielgen, M. M., Schade, S. & Bosé, C. Face processing in police service: the relationship between
laboratory-based assessment of face processing abilities and performance in a real-world identity

matching task. Cogn. Res. Princ. Implic. 6, 54, DOI: 10.1186/s41235-021-00317-x (2021).

Ekman, P. & Friesen, W. V. Constants across cultures in the face and emotion. J. Pers. Soc.

Psychol. 17, 124-129, DOI: 10.1037/h0030377 (1971).

Jack, R. E., Garrod, O. G. B., Yu, H., Caldara, R. & Schyns, P. G. Facial expressions of emotion
are not culturally universal. Proc. Natl. Acad. Sci. 109, 72417244, DOI:
10.1073/pnas.1200155109 (2012).

Mesquita, B., Boiger, M. & Leersnyder, J. D. The cultural construction of emotions. Curr. Opin.

Psychol. 8, 31-36, DOIL: 10.1016/j.copsyc.2015.09.015 (2016).

Olderbak, S. & Wilhelm, O. Emotion Perception and Empathy: An Individual Differences Test of
Relations. Emotion 17, 10921106, DOI: 10.1037/emo0000308 (2017).

Lazaro, E. et al. Instrument for Assessing the Ability to Identify Emotional Facial Expressions in
Healthy Children and in Children With ADHD: The FEEL Test. J. Atten. Disord. 23, 563569,
DOI: 10.1177/1087054716682335 (2019).

Baron-Cohen, S., Wheelwright, S. & Jolliffe, and Therese. Is There a "Language of the Eyes"?
Evidence from Normal Adults, and Adults with Autism or Asperger Syndrome. Vis. Cogn. 4, 311—
331, DOI: 10.1080/713756761 (1997).

Calder, A. J., Ewbank, M. & Passamonti, L. Personality influences the neural responses to viewing
facial expressions of emotion. Philos. Transactions Royal Soc. B: Biol. Sci. 366, 1684—-1701, DOI:
10.1098/rstb.2010.0362 (2011).

83. Willis, J. & Todorov, A. First Impressions. Psychol. Sci. 17, 592-598, DOI: 10.1111/j.1467-
9280.2006.01750.x (2005).

84.

Zebrowitz, L. A. & Montepare, J. M. First impressions from facial appearance cues. In First

impressions, 171—-204 (Guilford Publications, 2008).



800
801

802
803
804

805
806
807

808
809
810

811
812

813
814

815
816
817

818
819

820
821
822

823
824
825

826
827

828
829

830

85.

86.

87.

88.

89.

90.

91.

92.

93.

9.

95.

96.

97.

Oosterhof, N. N. & Todorov, A. The functional basis of face evaluation. Proc. Natl. Acad. Sci. 105,
11087-11092, DOI: 10.1073/pnas.0805664105 (2008).

Todorov, A., Olivola, C. Y., Dotsch, R. & Mende-Siedlecki, P. Social Attributions from Faces:
Determinants, Consequences, Accuracy, and Functional Significance. Annu. Rev. Psychol. 66,

519-545, DOI: 10.1146/ annurev-psych-113011-143831 (2015).

Hehman, E., Sutherland, C. A. M., Flake, J. K. & Slepian, M. L. The Unique Contributions of
Perceiver and Target Characteristics in Person Perception. J. Pers. Soc. Psychol. 113, 513-529,
DOI: 10.1037/pspa0000090 (2017).

Hehman, E., Stolier, R. M., Freeman, J. B., Flake, J. K. & Xie, S. Y. Toward a comprehensive
model of face impressions: What we know, what we do not, and paths forward. Soc. Pers. Psychol.

Compass 13, €12431, DOI: 10.1111/spc3.12431 (2019).

Germine, L. ef al. Individual Aesthetic Preferences for Faces Are Shaped Mostly by Environments,

Not Genes. Curr. Biol. 25, 2684-2689, DOI: 10.1016/j.cub.2015.08.048 (2015).

Zebrowitz, L. A. First Impressions From Faces. Curr. Dir. Psychol. Sci. 26, 237-242, DOI:
10.1177/0963721416683996 (2017).

Sutherland, C. A. M., Rhodes, G., Burton, N. S. & Young, A. W. Do facial first impressions reflect a
shared social reality?

Br. J. Psychol. 111, 215-232, DOI: 10.1111/bjop.12390 (2020).

Sofer, C., Dotsch, R., Wigboldus, D. H. J. & Todorov, A. What Is Typical Is Good. Psychol. Sci.
26, 39-47, DOI: 10.1177/0956797614554955 (2014).

Sutherland, C. A. M., Young, A. W. & Rhodes, G. Facial first impressions from another angle:
How social judgements are influenced by changeable and invariant facial properties. Br. J.

Psychol. 108, 397-415, DOL: 10.1111/bjop.12206 (2017).

Sutherland, C. A. et al. Social inferences from faces: Ambient images generate a three-dimensional
model. Cognition

127, 105-118, DOI: 10.1016/j.cognition.2012.12.001 (2013).

Todorov, A. & Porter, J. M. Misleading First Impressions. Psychol. Sci. 25, 1404-1417, DOI:
10.1177/0956797614532474 (2014).

White, D., Sutherland, C. A. M. & Burton, A. L. Choosing face: The curse of self in profile image
selection. Cogn. Res. Princ. Implic. 2,23, DOI: 10.1186/s41235-017-0058-3 (2017).

Noyes, E., Hill, M. Q. & O’Toole, A. J. Face recognition ability does not predict person



831 identification performance: using individual data in the interpretation of group results. Cogn. Res.

832 Princ. Implic. 3,23, DOI: 10.1186/s41235-018-0117-4 (2018).

833 98. Miihl, C., Sheil, O., Jarutyte’, L. & Bestelmeyer, P. E. G. The Bangor Voice Matching Test: A

834 standardized test for the assessment of voice perception ability. Behav. Res. Methods 50, 2184—

835 2192, DOI: 10.3758/s13428-017-0985-4 (2018).

836 99. Aglieri, V. et al. The Glasgow Voice Memory Test: Assessing the ability to memorize and recognize
837 unfamiliar voices. Behav. Res. Methods 49, 97-110, DOI: 10.3758/s13428-015-0689-6 (2017).

838 100. Lavan, N., Burston, L. F. K. & Garrido, L. How many voices did you hear? Natural variability
839 disrupts identity perception from unfamiliar voices. Br. J. Psychol. 110, 576-593, DOLI:
840 10.1111/bjop.12348 (2019).

841 101. Bestelmeyer, P. E. & Miihl, C. Individual differences in voice adaptability are specifically linked to
842 voice perception skill. Cognition 210, 104582, DOI: 10.1016/j.cognition.2021.104582 (2021).

843 102. Johnson, J., McGettigan, C. & Lavan, N. Comparing unfamiliar voice and face identity perception

844 using identity sorting tasks. Q. J. Exp. Psychol. 73, 15371545, DOI: 10.1177/1747021820938659
845 (2020).

846 103. Jenkins, R. E. et al. Are super-face-recognisers also super-voice-recognisers? Evidence from

847 cross-modal identification tasks. Appl. Cogn. Psychol. 35, 590-605, DOI: 10.1002/acp.3813

848 (2021).

849 104. Tsantani, M. & Cook, R. Normal recognition of famous voices in developmental prosopagnosia.
850 Sci. Reports 10, 19757, DOI: 10.1038/s41598-020-76819-3 (2020).

851 105. Fraccaro, P. J. et al. Correlated Male Preferences for Femininity in Female Faces and Voices. Evol.
852 Psychol. 8, 147470491000800311, DOI: 10.1177/147470491000800311 (2010).

853 106. Yovel, G. & Belin, P. A unified coding strategy for processing faces and voices. Trends Cogn. Sci.

854 17, 263-271, DOI: 10.1016/}.tics.2013.04.004 (2013).

855 107. Spence, C. The scent of attraction and the smell of success: crossmodal influences on person
856 perception. Cogn. Res. Princ. Implic. 6,46, DOI: 10.1186/s41235-021-00311-3 (2021).

857 108. Secundo, L. et al. Individual olfactory perception reveals meaningful nonolfactory genetic
858 information. Proc. Natl. Acad. Sci. 112, 8750-8755, DOI: 10.1073/pnas.1424826112 (2015).

859 109. Schirmer, A. & Adolphs, R. Emotion Perception from Face, Voice, and Touch: Comparisons and
860 Convergence. Trends Cogn. Sci. 21, 216228, DOI: 10.1016/j.tics.2017.01.001 (2017).

861 110. Dawel, A., O’Kearney, R., McKone, E. & Palermo, R. Not just fear and sadness: Meta-analytic



862 evidence of pervasive emotion recognition deficits for facial and vocal expressions in psychopathy.

863 Neurosci. & Biobehav. Rev. 36, 2288-2304, DOI: 10.1016/j.neubiorev.2012.08.006 (2012).

864 111. Dadds, M. R., Kimonis, E. R., Schollar-Root, O., Moul, C. & Hawes, D. J. Are impairments in
865 emotion recognition a core feature of callous—unemotional traits? testing the primary versus

866 secondary variants model in children. Dev. psychopathology 30, 6777 (2018).

867 112. Bird, G. & Viding, E. The self to other model of empathy: Providing a new framework for

868 understanding empathy impairments in psychopathy, autism, and alexithymia. Neurosci. &

869 Biobehav. Rev. 47, 520-532, DOI: 10.1016/j.neubiorev. 2014.09.021 (2014).

870 113. Rhodes, G. et al. How distinct is the coding of face identity and expression? Evidence for some
871 common dimensions in face space. Cognition 142, 123—-137, DOLI:

872 10.1016/j.cognition.2015.05.012 (2015).

873 114. Hildebrandt, A., Schacht, A., Sommer, W. & Wilhelm, O. Measuring the speed of recognising facially
874 expressed emotions. Cogn. & Emot. 26, 650-666, DOI: 10.1080/02699931.2011.602046 (2012).

875 115. Herzmann, G., Kunina, O., Sommer, W. & Wilhelm, O. Individual Differences in Face Cognition:
876 Brain—Behavior Relationships. J. Cogn. Neurosci. 22, 571-589, DOI: 10.1162/jocn.2009.21249
877 (2010).

878 116. Esins, J., Schultz, J., Stemper, C., Kennerknecht, 1. & Biilthoff, I. Face Perception and Test
879 Reliabilities in Congenital Prosopagnosia in Seven Tests. i-Perception 7, 2041669515625797,
880 DOI: 10.1177/2041669515625797 (2016).

881 117. Thomas, A. L., Lawler, K., Olson, I. R. & Aguirre, G. K. The Philadelphia Face Perception
882 Battery. Arch. Clin. Neuropsychol. 23, 175-187, DOI: 10.1016/j.acn.2007.10.003 (2008).

883 118. Tanaka, J. W. & Farah, M. J. Parts and wholes in face recognition. The Q. J. Exp. Psychol. Sect. A
884 46, 225-245, DOI: 10.1080/14640749308401045 (1993).

885 119. Young, A. W., Hellawell, D. & Hay, D. C. Configurational Information in Face Perception.
886 Perception 16, 747-759, DOI: 10.1068/p160747 (1987).

887 120. Yovel, G., Wilmer, J. B. & Duchaine, B. What can individual differences reveal about face
888 processing? Front. Hum. Neurosci. 8, 562, DOI: 10.3389/fnhum.2014.00562 (2014).

889 121. DeQutis, J., Mercado, R. J., Wilmer, J. & Rosenblatt, A. Individual Differences in Holistic
890 Processing Predict the Own-Race Advantage in Recognition Memory. PLoS ONE 8, 58253, DOI:
891 10.1371/journal.pone.0058253 (2013).

892 122. Wang, R., Li, J., Fang, H., Tian, M. & Liu, J. Individual Differences in Holistic Processing Predict



893

894
895

896
897
898
899

900
901
902

903
904

905
906

907
908

909
910
911

912
913

914
915
916

917
918
919

920
921

922
923

123.

124,

125.

126.

127.

128.

129,

130.

131.

132.

133.

134.

Face Recognition Ability. Psychol. Sci. 23, 169—177, DOI: 10.1177/0956797611420575 (2011).

Konar, Y., Bennett, P. J. & Sekuler, A. B. Holistic Processing Is Not Correlated With Face-
Identification Accuracy. Psychol. Sci. 21, 38-43, DOI: 10.1177/0956797609356508 (2009).

Rezlescu, C., Susilo, T., Wilmer, J. B. & Caramazza, A. The Inversion, Part-Whole, and
Composite Effects Reflect Distinct Perceptual Mechanisms With Varied Relationships to Face
Recognition. J. Exp. Psychol. Hum. Percept. Perform. 43, 1961-1973, DOI: 10.1037/xhp0000400
(2017).

Palermo, R. et al. Impaired holistic coding of facial expression and facial identity in congenital
prosopagnosia. Neuropsy- chologia 49, 1226—1235, DOI: 10.1016/j.neuropsychologia.2011.02.021
(2011).

Avidan, G., Tanzer, M. & Behrmann, M. Impaired holistic processing in congenital prosopagnosia.

Neuropsychologia 49, 2541-2552, DOI: 10.1016/j.neuropsychologia.2011.05.002 (2011).

Liu, T. T. & Behrmann, M. Impaired holistic processing of left-right composite faces in congenital

prosopagnosia. Front. Hum. Neurosci. 8, 750, DOI: 10.3389/fnhum.2014.00750 (2014).

Biotti, F. & Cook, R. Impaired perception of facial emotion in developmental prosopagnosia.

Cortex 81, 126-136, DOI: 10.1016/j.cortex.2016.04.008 (2016).

Susilo, T. et al. Face recognition impairments despite normal holistic processing and face space
coding: Evidence from a case of developmental prosopagnosia. Cogn. Neuropsychol. 27, 636—664,

DOI: 10.1080/02643294.2011.613372 (2010).

Ulrich, P. I. N. et al. Perceptual and Memorial Contributions to Developmental Prosopagnosia. Q.

J. Exp. Psychol. 70, 298-315, DOI: 10.1080/17470218.2016.1177101 (2017).

Sunday, M. A., Richler, J. J. & Gauthier, I. Limited evidence of individual differences in holistic
processing in different versions of the part-whole paradigm. Attention, Perception, & Psychophys.

79, 1453-1465, DOI: 10.3758/ s13414-017-1311-z (2017).

Royer, J., Blais, C., Gosselin, F., Duncan, J. & Fiset, D. When Less Is More: Impact of Face
Processing Ability on Recognition of Visually Degraded Faces. J. Exp. Psychol. Hum. Percept.
Perform. 41, 1179-1183, DOI: 10.1037/ xhp0000095 (2015).

Dunn, J. D. et al. Face information sampling in super-recognizers. PsyArXiv DOI:

10.31234/osf.i0/z2k4a (2021).

Itz, M. L., Schweinberger, S. R. & Kaufmann, J. M. Familiar Face Priming: The Role of Second-
Order Configuration and Individual Face Recognition Abilities. Perception 47, 185-196, DOI:



924

925
926
927

928
929
930

931
932
933

934
935

936
937

938
939

940
941

942
943
944

945
946

947
948
949

950
951
952

953

13s.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

10.1177/0301006617742069 (2018).

Kaufmann, J. M., Schulz, C. & Schweinberger, S. R. High and low performers differ in the use of
shape information for face recognition. Neuropsychologia 51, 1310-1319, DOI:
10.1016/j.neuropsychologia.2013.03.015 (2013).

Itz, M. L., Golle, J., Luttmann, S., Schweinberger, S. R. & Kaufmann, J. M. Dominance of texture
over shape in facial identity processing is modulated by individual abilities. Br. J. Psychol. 108,

369-396, DOI: 10.1111/bjop.12199 (2017).

Avidan, G. & Behrmann, M. Spatial Integration in Normal Face Processing and Its Breakdown in
Congenital Prosopag- nosia. Annu. Rev. Vis. Sci. 7, 1-21, DOI: 10.1146/annurev-vision-113020-
012740 (2021).

Rossion, B. The composite face illusion: A whole window into our understanding of holistic face

perception. Vis. Cogn. 21, 139-253, DOI: 10.1080/13506285.2013.772929 (2013).

Richler, J. J. & Gauthier, I. When intuition fails to align with data: A reply to Rossion (2013). Vis.
Cogn. 21, 254-276, DOI: 10.1080/13506285.2013.796035 (2013).

Richler, J. J., Floyd, R. J. & Gauthier, I. About-face on face recognition ability and holistic
processing. J. Vis. 15, 15-15, DOI: 10.1167/15.9.15 (2015).

Ross, D. A., Richler, J. J. & Gauthier, 1. Reliability of composite-task measurements of holistic

face processing. Behav. Res. Methods 47, 736743, DOI: 10.3758/s13428-014-0497-4 (2015).

Burton, A. M., Schweinberger, S. R., Jenkins, R. & Kaufmann, J. M. Arguments Against a
Configural Processing Account of Familiar Face Recognition. Perspectives on Psychol. Sci. 10,

482496, DOI: 10.1177/1745691615583129 (2015).

Clutterbuck, R. & Johnston, R. A. Exploring Levels of Face Familiarity by Using an Indirect Face-
Matching Measure. Perception 31, 985-994, DOI: 10.1068/p3335 (2002).

Burton, A. M., Wilson, S., Cowan, M. & Bruce, V. Face Recognition in Poor-Quality Video:
Evidence From Security Surveillance. Psychol. Sci. 10, 243-248, DOI: 10.1111/1467-9280.00144
(1998).

Bruce, V., Henderson, Z., Newman, C. & Burton, A. M. Matching Identities of Familiar and
Unfamiliar Faces Caught on CCTV Images. J. Exp. Psychol. Appl. 7, 207-218, DOI:
10.1037/1076-898x.7.3.207 (2001).

Ambrus, G. G., Eick, C. M., Kaiser, D. & Kovécs, G. Getting to Know You: Emerging Neural



954 Representations during Face Familiarization. The J. Neurosci. 41, 5687-5698, DOI:
955 10.1523/jneurosci.2466-20.2021 (2021).

956 147. Dalski, A., Kovécs, G. & Ambrus, G. G. Evidence for a general neural signature of face familiarity.

957 bioRxiv, DOI: 10.1101/2021.04.18.440317 (2021).

958 148. Ramon, M. & Gobbini, M. I. Familiarity matters: A review on prioritized processing of personally
959 familiar faces. Vis. Cogn. 26, 1-17, DOI: 10.1080/13506285.2017.1405134 (2018).

960 149. Wiese, H. et al. Later but not early stages of familiar face recognition depend strongly on

961 attentional resources: Evidence from event-related brain potentials. Cortex 120, 147-158, DOI:
962 10.1016/j.cortex.2019.06.004 (2019).

963 150. Kovacs, G. Getting to Know Someone: Familiarity, Person Recognition, and Identification in the
964 Human Brain. J. Cogn. Neurosci. 32, 2205-2225, DOI: 10.1162/jocn_a_01627 (2020).

965 151. Hildebrandt, A., Olderbak, S. & Wilhelm, O. Facial Emotion Expression, Individual Differences
966 in. Int. Encycl. Soc. & Behav. Sci. 2nd edition 667-675, DOI: 10.1016/b978-0-08-097086-
967 8.25008-3 (2015).

968 152. Redfern, A. S. & Benton, C. P. Representation of facial identity includes expression variability.
969 Vis. Res. 157, 123—131, DOI: 10.1016/j.visres.2018.05.004 (2019).

970 153. Burton, A. M., Kramer, R. S. S., Ritchie, K. L. & Jenkins, R. Identity From Variation:
971 Representations of Faces Derived From Multiple Instances. Cogn. Sci. 40, 202223, DOI:
972 10.1111/cogs.12231 (2016).

973 154. Kramer, R. S., Young, A. W. & Burton, A. M. Understanding face familiarity. Cognition 172, 46—
974 58, DOI: 10.1016/]. cognition.2017.12.005 (2018).

975 155. Ritchie, K. L. & Burton, A. M. Learning faces from variability. The Q. J. Exp. Psychol. 70, 1-9,
976 DOI: 10.1080/17470218. 2015.1136656 (2017).

977 156. Murphy, J., Ipser, A., Gaigg, S. B. & Cook, R. Exemplar Variance Supports Robust Learning of
978 Facial Identity. J. Exp. Psychol. Hum. Percept. Perform. 41, 577-581, DOI: 10.1037/xhp0000049
979 (2015).

980 157. White, D., Burton, A. L. & Kemp, R. I. Not looking yourself: The cost of self-selecting
981 photographs for identity verification. Br. J. Psychol. 107, 359-373, DOI: 10.1111/bjop.12141
082 (2016).

983 158. Ritchie, K. L., Kramer, R. S. & Burton, A. M. What makes a face photo a ‘good likeness’?
984 Cognition 170, 1-8, DOI: 10.1016/j.cognition.2017.09.001 (2018).



985 159. Yardley, L., McDermott, L., Pisarski, S., Duchaine, B. & Nakayama, K. Psychosocial
986 consequences of developmental prosopagnosia: A problem of recognition. J. Psychosom. Res. 65,

987 445-451, DOI: 10.1016/j.jpsychores.2008.03.013 (2008).

938 160. Dalrymple, K. A. et al. “A room full of strangers every day”: The psychosocial impact of
989 developmental prosopagnosia on children and their families. J. Psychosom. Res. 77, 144—150,
990 DOI: 10.1016/j.jpsychores.2014.06.001 (2014).

991 161. Murray, E., Hills, P. J., Bennetts, R. J. & Bate, S. Identifying Hallmark Symptoms of
992 Developmental Prosopagnosia for Non-Experts. Sci. Reports 8, 1690, DOI: 10.1038/s41598-018-
993 20089-7 (2018).

994 162. Adams, A., Hills, P. J., Bennetts, R. J. & Bate, S. Coping strategies for developmental
995 prosopagnosia. Neuropsychol. Rehabil. 30, 19962015, DOI: 10.1080/09602011.2019.1623824
996 (2019).

997 163. Bindemann, M. Forensic Face Matching (Oxford University Press, USA, 2021).

998 164. White, D., Towler, A. & Kemp, 1., R. Understanding professional expertise in unfamiliar face
999 matching. In Forensic Face Matching, 62—-88 (Oxford University Press, 2020).

1000 165. Wirth, B. E. & Carbon, C.-C. An Easy Game for Frauds? Effects of Professional Experience and
1001 Time Pressure on Passport-Matching Performance. J. Exp. Psychol. Appl. 23, 138—157, DOI:
1002 10.1037/xap0000114 (2017).

1003 166. Heyer, R., Semmler, C. & Hendrickson, A. T. Humans and Algorithms for Facial Recognition:
1004 The Effects of Candidate List Length and Experience on Performance. J. Appl. Res. Mem. Cogn. 7,
1005 597-609, DOI: 10.1016/j.jarmac.2018.06.002 (2018).

1006 167. White, D., Kemp, R. L., Jenkins, R., Matheson, M. & Burton, A. M. Passport Officers’ Errors in
1007 Face Matching. PLoS ONE 9, €103510, DOI: 10.1371/journal.pone.0103510 (2014).

1008 168. White, D., Dunn, J. D., Schmid, A. C. & Kemp, R. I. Error Rates in Users of Automatic Face

1009 Recognition Software. PLoS ONE 10, e0139827, DOI: 10.1371/journal.pone.0139827 (2015).
1010 169. Towler, A. et al. Do professional facial image comparison training courses work? PLOS ONE 14,
1011 e0211037, DOI: 10.1371/journal.pone.0211037 (2019).

1012 170. Weatherford, D. R., Roberson, D. & Erickson, W. B. When experience does not promote

1013 expertise: security professionals fail to detect low prevalence fake IDs. Cogn. Res. Princ. Implic.

1014 6, 25, DOI: 10.1186/s41235-021-00288-z (2021).



1015
1016

1017
1018
1019

1020
1021
1022

1023
1024

1025
1026

1027
1028

1029
1030
1031

1032
1033

1034
1035
1036

1037
1038
1039

1040
1041
1042

1043
1044
1045

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

Papesh, M. H. Photo ID verification remains challenging despite years of practice. Cogn. Res.

Princ. Implic. 3, 19, DOI: 10.1186/541235-018-0110-y (2018).

Robertson, D. J., Noyes, E., Dowsett, A. J., Jenkins, R. & Burton, A. M. Face Recognition by
Metropolitan Police Super-Recognisers. PLOS ONE 11, e0150036, DOI:
10.1371/journal.pone.0150036 (2016).

Davis, J. P., Lander, K., Evans, R. & Jansari, A. Investigating Predictors of Superior Face
Recognition Ability in Police Super-recognisers. Appl. Cogn. Psychol. 30, 827-840, DOI:
10.1002/acp.3260 (2016).

White, D., Phillips, P. J., Hahn, C. A., Hill, M. & O’Toole, A. J. Perceptual expertise in forensic facial
image comparison. Proc. Royal Soc. B: Biol. Sci. 282, 20151292, DOI: 10.1098/rspb.2015.1292 (2015).

Towler, A., White, D. & Kemp, R. 1. Evaluating the Feature Comparison Strategy for Forensic
Face Identification. J. Exp. Psychol. Appl. 23, 47-58, DOI: 10.1037/xap0000108 (2017).

Moreton, R., Havard, C., Strathie, A. & Pike, G. An international survey of applied face-matching
training courses. Forensic Sci. Int. 110947, DOLI: https://doi.org/10.1016/j.forsciint.2021.110947 (2021).

Steblay, N., Dysart, J., Fulero, S. & Lindsay, R. C. L. Eyewitness Accuracy Rates in Sequential
and Simultaneous Lineup Presentations: A Meta-Analytic Comparison. Law Hum. Behav. 25, 459—

473, DOL: 10.1023/a:1012888715007 (2001).

Geiselman, R. E. ef al. Benton facial recognition test scores: Index of eyewitness accuracy. Am. J.

Forensic Psychol. 19, 77-88 (2001).

Bindemann, M., Brown, C., Koyas, T. & Russ, A. Individual differences in face identification
postdict eyewitness accuracy. J. Appl. Res. Mem. Cogn. 1, 96—-103, DOI:
10.1016/j.jarmac.2012.02.001 (2012).

Grabman, J. H., Dobolyi, D. G., Berelovich, N. L. & Dodson, C. S. Predicting High Confidence
Errors in Eyewitness Memory: The Role of Face Recognition Ability, Decision-Time, and

Justifications. J. Appl. Res. Mem. Cogn. 8, 233-243, DOI: 10.1016/j.jarmac.2019.02.002 (2019).

Grabman, J. H. & Dodson, C. S. Stark Individual Differences: Face Recognition Ability Influences
the Relationship Between Confidence and Accuracy in a Recognition Test of Game of Thrones

Actors. J. Appl. Res. Mem. Cogn. 9, 254-269, DOI: 10.1016/j.jarmac.2020.02.007 (2020).

Hodgetts, H. M., Vachon, F., Chamberland, C. & Tremblay, S. See No Evil: Cognitive Challenges
of Security Surveillance and Monitoring. J. Appl. Res. Mem. Cogn. 6, 230-243, DOI:
10.1016/j.jarmac.2017.05.001 (2017).


https://doi.org/10.1016/j.forsciint.2021.110947

1046 183. Davis, J. P., Forrest, C., Treml, F. & Jansari, A. Identification from CCTV: Assessing police
1047 super-recogniser ability to spot faces in a crowd and susceptibility to change blindness. Appl.

1048 Cogn. Psychol. 32, 337-353, DOI: 10.1002/acp.3405 (2018).

1049 184. Garvie, C., Bedoya, A. & Frankle, J. The perpetual line-up. unregulated police face recognition in
1050 america. Georgetown Law Center on Privacy & Technology (2019).

1051 185. Blauch, N. M., Behrmann, M. & Plaut, D. C. Computational insights into human perceptual

1052 expertise for familiar and unfamiliar face recognition. Cognition 208, 104341, DOI:

1053 10.1016/j.cognition.2020.104341 (2021).

1054 186. Grossman, S. et al. Convergent evolution of face spaces across human face-selective neuronal
1055 groups and deep convolutional networks. Nat. Commun. 10, 4934, DOI: 10.1038/s41467-019-
1056 12623-6 (2019).

1057 187. Natu, V. & O’Toole, A. J. The neural processing of familiar and unfamiliar faces: A review and
1058 synopsis. Br. J. Psychol. 102, 726747, DOI: 10.1111/;.2044-8295.2011.02053.x (2011).

1059 188. Benton, A. & Allen, M. V. Impairment in Facial Recognition in Patients with Cerebral Disease.

1060 Cortex 4, 344-IN1, DOI: 10.1016/s0010-9452(68)80018-8 (1968).

1061 189. Rossion, B. & Michel, C. Normative accuracy and response time data for the computerized Benton
1062 Facial Recognition Test (BFRT-c). Behav. Res. Methods 50, 24422460, DOI: 10.3758/s13428-
1063 018-1023-x (2018).

1064 190. Fysh, M. C. & Bindemann, M. The Kent Face Matching Test. Br. J. Psychol. 109, 219-231, DOI:
1065 10.1111/bjop.12260 (2018).

1066 191. Dowsett, A. J. & Burton, A. M. Unfamiliar face matching: Pairs out-perform individuals and provide a
1067 route to training. Br. J. Psychol. 106, 433445, DOI: 10.1111/bjop.12103 (2015).

1068 192. Stacchi, L., Huguenin-Elie, E., Caldara, R. & Ramon, M. Normative data for two challenging tests

1069 of face matching under ecological conditions. Cogn. Res. Princ. Implic. §, 8, DOI:

1070 10.1186/s41235-019-0205-0 (2020).

1071 193. Duchaine, B., Germine, L. & Nakayama, K. Family resemblance: Ten family members with
1072 prosopagnosia and within-class object agnosia. Cogn. Neuropsychol. 24, 419—430, DOI:

1073 10.1080/02643290701380491 (2007).

1074 194. Belanova, E., Davis, J. P. & Thompson, T. Cognitive and neural markers of super-recognisers’
1075 face processing superiority and enhanced cross-age effect. Cortex 108, 92111, DOLI:

1076 10.1016/j.cortex.2018.07.008 (2018).



1077 195. Herzmann, G., Danthiir, V., Schacht, A., Sommer, W. & Wilhelm, O. Toward a comprehensive

1078 test battery for face cognition: Assessment of the tasks. Behav. Res. Methods 40, 840-857, DOI:
1079 10.3758/brm.40.3.840 (2008).

1080 196. Kennerknecht, I. et al. First report of prevalence of non-syndromic hereditary prosopagnosia
1081 (HPA). Am. J. Med. Genet. Part A 140A, 1617-1622, DOI: 10.1002/ajmg.a.31343 (2006).

1082 197. Shah, P., Gaule, A., Sowden, S., Bird, G. & Cook, R. The 20-item prosopagnosia index (P120): a
1083 self-report instrument for identifying developmental prosopagnosia. Royal Soc. Open Sci. 2,

1084 140343, DOI: 10.1098/rs0s.140343 (2015).

1085 198. Young, A., Perrett, D., Calder, A., Sprengelmeyer, R. & Ekman, P. Facial expressions of emotion:

1086 Stimuli and tests (feest), version for pc. Thames Val. Test Co. Thurston, UK (2002).
1087 199. Young, A. W. et al. Facial expression megamix: Tests of dimensional and category accounts of emotion
1088 recognition. Cognition 63, 271-313, DOI: 10.1016/s0010-0277(97)00003-6 (1997).

1089 200. Cecilione, J. L. et al. Test—Retest Reliability of the Facial Expression Labeling Task. Psychol.
1090 Assess. 29, 15371542, DOI: 10.1037/pas0000439 (2017).

1091 201. Calvo, M. G. & Lundqvist, D. Facial expressions of emotion (KDEF): Identification under
1092 different display-duration conditions. Behav. Res. Methods 40, 109—115, DOI:
1093 10.3758/brm.40.1.109 (2008).

1094 202. Baron-Cohen, S., Wheelwright, S., Hill, J., Raste, Y. & Plumb, I. The “Reading the Mind in the

1095 Eyes” Test Revised Version: A Study with Normal Adults, and Adults with Asperger Syndrome or
1096 High-functioning Autism. J. Child Psychol. Psychiatry 42, 241-251, DOI: 10.1111/1469-
1097 7610.00715 (2001).

1098 203. Fernandez-Abascal, E. G., Cabello, R., Fernandez-Berrocal, P. & Baron-Cohen, S. Test-retest
1099 reliability of the ‘Reading the Mind in the Eyes’ test: a one-year follow-up study. Mol. Autism 4,
1100 33, DOI: 10.1186/2040-2392-4-33 (2013).

1101 204. Barton, J. J. & Corrow, S. L. The problem of being bad at faces. Neuropsychologia 89, 119-124,
1102 DOI: 10.1016/j. neuropsychologia.2016.06.008 (2016).

1103 205. Noyes, E., Phillips, P. & O’Toole, A. What is a super-recogniser? In Face processing: Systems,

1104 disorders and cultural differences, 173—201 (Nova Science Publishers Inc, 2017).
1105 206. Grand, R. L. et al. What aspects of face processing are impaired in developmental prosopagnosia?
1106 Brain Cogn. 61, 139158, DOI: 10.1016/j.bandc.2005.11.005 (2006).

1107 207. Schmalzl, L., Palermo, R. & Coltheart, M. Cognitive heterogeneity in genetically based



1108
1109

1110
1111

1112
1113
1114

1115
1116
1117

1118
1119
1120

1121
1122

1123
1124
1125

1126
1127

1128
1129
1130

1131
1132

1133
1134
1135

1136
1137

1138

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

prosopagnosia: A family study. J. Neuropsychol. 2,99-117, DOI: 10.1348/174866407x256554
(2008).

Plomin, R., Haworth, C. M. A. & Davis, O. S. P. Common disorders are quantitative traits. Nat.
Rev. Genet. 10, 872878, DOI: 10.1038/nrg2670 (2009).

Germine, L. T., Duchaine, B. & Nakayama, K. Where cognitive development and aging meet:
Face learning ability peaks after age 30. Cognition 118, 201-210, DOI:
10.1016/j.cognition.2010.11.002 (2011).

Lane, J. et al. Impacts of impaired face perception on social interactions and quality of life in age-
related macular degeneration: A qualitative study and new community resources. PLoS ONE 13,

€0209218, DOI: 10.1371/journal.pone. 0209218 (2018).

Werheid, K. & Clare, L. Are Faces Special in Alzheimer’s Disease? Cognitive Conceptualisation,
Neural Correlates, and Diagnostic Relevance of Impaired Memory for Faces and Names. Cortex

43, 898-906, DOI: 10.1016/s0010-9452(08) 70689-0 (2007).

Kumfor, F. et al. Do I know you? Examining face and object memory in frontotemporal dementia.

Neuropsychologia 71, 101-111, DOI: 10.1016/j.neuropsychologia.2015.03.020 (2015).

Hutchings, R., Palermo, R., Piguet, O. & Kumfor, F. Disrupted Face Processing in Frontotemporal
Dementia: A Review of the Clinical and Neuroanatomical Evidence. Neuropsychol. Rev. 27, 18—

30, DOI: 10.1007/s11065-016-9340-2 (2017).

Stantic”, M., Ichijo, E., Catmur, C. & Bird, G. Face memory and face perception in autism. Autism

136236132110276, DOI: 10.1177/13623613211027685 (2021).

Bortolon, C., Capdevielle, D. & Raffard, S. Face recognition in schizophrenia disorder: A
comprehensive review of behavioral, neuroimaging and neurophysiological studies. Neurosci. &

Biobehav. Rev. 53, 79—107, DOI: 10.1016/j. neubiorev.2015.03.006 (2015).

Gray, H. M. & Tickle-Degnen, L. A Meta-Analysis of Performance on Emotion Recognition Tasks in
Parkinson’s Disease. Neuropsychology 24, 176—191, DOI: 10.1037/a0018104 (2010).

Edens, J. F., Marcus, D. K., Lilienfeld, S. O. & Poythress, N. G. Psychopathic, Not Psychopath:
Taxometric Evidence for the Dimensional Structure of Psychopathy. J. Abnorm. Psychol. 115,

131-144, DOI: 10.1037/0021-843x.115.1.131 (2006).

Skeem, J. L., Polaschek, D. L. L., Patrick, C. J. & Lilienfeld, S. O. Psychopathic Personality. Psychol.
Sci. Public Interest 12, 95-162, DOI: 10.1177/1529100611426706 (2011).

Fox, E. & Zougkou, K. Influence of Personality Traits on Processing of Facial Expressions. DOI:



1139 10.1093/oxfordhb/ 9780199559053.013.0026 (2011).

1140 220. Megias-Robles, A. et al. The ‘Reading the mind in the Eyes’ test and emotional intelligence. Royal
1141 Soc. Open Sci. 7, 201305, DOIL: 10.1098/rs0s.201305 (2020).

1142 221. Meinhardt-Injac, B., Daum, M. M., Meinhardt, G. & Persike, M. The Two-Systems Account of
1143 Theory of Mind: Testing the Links to Social- Perceptual and Cognitive Abilities. Front. Hum.
1144 Neurosci. 12, 25, DOI: 10.3389/fnhum.2018.00025 (2018).

1145 222. Saxe, R., Brett, M. & Kanwisher, N. Divide and conquer: A defense of functional localizers.
1146 Neurolmage 30, 1088—1096, DOI: 10.1016/j.neuroimage.2005.12.062 (2006).

1147 223. Kanwisher, N. The Quest for the FFA and Where It Led. J. Neurosci. 37, 1056-1061, DOI:

1148 10.1523/jneurosci.1706-16. 2016 (2017).

1149 224. Zhen, Z. et al. Quantifying interindividual variability and asymmetry of face-selective regions: A
1150 probabilistic functional atlas. Neurolmage 113, 13-25, DOI: 10.1016/j.neuroimage.2015.03.010
1151 (2015).

1152 225. Berman, M. G. et al. Evaluating functional localizers: The case of the FFA. Neurolmage 50, 56—
1153 71, DOI: 10.1016/j. neuroimage.2009.12.024 (2010).

1154 226. Engell, A. D. & McCarthy, G. Probabilistic atlases for face and biological motion perception: An

1155 analysis of their reliability and overlap. Neurolmage 74, 140-151, DOI:

1156 10.1016/j.neuroimage.2013.02.025 (2013).

1157 227. Golarai, G. et al. Differential development of high-level visual cortex correlates with category-

1158 specific recognition memory. Nat. Neurosci. 10, 512-522, DOI: 10.1038/nn1865 (2007).

1159 228. Jiang, X. et al. A quantitative link between face discrimination deficits and neuronal selectivity for faces
1160 in autism. Neurolmage: Clin. 2, 320-331, DOI: 10.1016/j.nicl.2013.02.002 (2013).

1161 229. Furl, N., Garrido, L., Dolan, R. J., Driver, J. & Duchaine, B. Fusiform Gyrus Face Selectivity
1162 Relates to Individual Differences in Facial Recognition Ability. J. Cogn. Neurosci. 23, 1723—-1740,
1163 DOI: 10.1162/jocn.2010.21545 (2011).

1164 230. McGugin, R. W. & Gauthier, I. The reliability of individual differences in face-selective responses

1165 in the fusiform gyrus and their relation to face recognition ability. Brain Imaging Behav. 10, 707—
1166 718, DOI: 10.1007/s11682-015-9467-4 (2016).

1167 231. Duchaine, B. C. & Nakayama, K. Developmental prosopagnosia: a window to content-specific face
1168 processing. Curr. Opin. Neurobiol. 16, 166—173, DOI: 10.1016/j.conb.2006.03.003 (2006).

1169 232. Jiahui, G., Yang, H. & Duchaine, B. Developmental prosopagnosics have widespread selectivity



1170 reductions across category-selective visual cortex. Proc. Natl. Acad. Sci. 115, 201802246, DOL:
1171 10.1073/pnas.1802246115 (2018).

1172 233. Avidan, G., Hasson, U., Malach, R. & Behrmann, M. Detailed Exploration of Face-related
1173 Processing in Con- genital Prosopagnosia: 2. Functional Neuroimaging Findings. J. Cogn.

1174 Neurosci. 17, 1150-1167, DOI: 10.1162/ 0898929054475145 (2005).

1175 234. Dubois, J. & Adolphs, R. Building a Science of Individual Differences from fMRI. Trends Cogn.
1176 Sci. 20, 425-443, DOI: 10.1016/j.tics.2016.03.014 (2016).

1177 235. Kaltwasser, L., Hildebrandt, A., Recio, G., Wilhelm, O. & Sommer, W. Neurocognitive
1178 mechanisms of individual differences in face cognition: A replication and extension. Cogn. Affect.

1179 & Behav. Neurosci. 14, 861-878, DOI: 10.3758/s13415-013-0234-y (2014).

1180 236. Xu, B., Liu-Shuang, J., Rossion, B. & Tanaka, J. Individual Differences in Face Identity
1181 Processing with Fast Periodic Visual Stimulation. J. Cogn. Neurosci. 29, 1368-1377, DOI:
1182 10.1162/jocn_a_01126 (2017).

1183 237. Stacchi, L., Liu-Shuang, J., Ramon, M. & Caldara, R. Reliability of individual differences in
1184 neural face identity discrimination. Neurolmage 189, 468—475, DOL:
1185 10.1016/j.neuroimage.2019.01.023 (2019).

1186 238. Towler, J., Fisher, K. & Eimer, M. The Cognitive and Neural Basis of Developmental Prosopagnosia.

1187 Q. J. Exp. Psychol. 70, 316-344, DOI: 10.1080/17470218.2016.1165263 (2016).

1188 239. Avidan, G. et al. Selective Dissociation Between Core and Extended Regions of the Face
1189 Processing Network in Congenital Prosopagnosia. Cereb. Cortex 24, 1565-1578, DOI:
1190 10.1093/cercor/bht007 (2014).

1191 240. Lohse, M. et al. Effective Connectivity from Early Visual Cortex to Posterior Occipitotemporal
1192 Face Areas Supports Face Selectivity and Predicts Developmental Prosopagnosia. The J. Neurosci.

1193 36, 3821-3828, DOI: 10.1523/jneurosci. 3621-15.2016 (2016).

1194 241. Rosenthal, G. et al. Altered topology of neural circuits in congenital prosopagnosia. eLife 6,

1195 €25069, DOI: 10.7554/elife. 25069 (2017).
1196 242. Thomas, C. et al. Reduced structural connectivity in ventral visual cortex in congenital
1197 prosopagnosia. Nat. Neurosci. 12,29-31, DOI: 10.1038/nn.2224 (2009).

1198 243. Gomez, J. et al. Functionally Defined White Matter Reveals Segregated Pathways in Human
1199 Ventral Temporal Cortex Associated with Category-Specific Processing. Neuron 85, 216-227,
1200 DOI: 10.1016/j.neuron.2014.12.027 (2015).



1201
1202
1203

1204
1205

1206
1207

1208
1209

1210
1211

1212
1213
1214

1215
1216
1217

1218
1219
1220

1221
1222
1223

1224
1225
1226

1227
1228
1229

1230
1231

244,

245.

246.

247.

248.

249.

250.

251.

252.

253.

254.

255.

Song, S. et al. Local but not long-range microstructural differences of the ventral temporal cortex
in developmental prosopagnosia. Neuropsychologia 78, 195-206, DOI:
10.1016/j.neuropsychologia.2015.10.010 (2015).

Wan, L. et al. Face-Blind for Other-Race Faces: Individual Differences in Other-Race Recognition

Impairments. J. Exp. Psychol. Gen. 146, 102—-122, DOI: 10.1037/xge0000249 (2017).

McKone, E. et al. A critical period for faces: Other-race face recognition is improved by childhood

but not adult social contact. Sci. Reports 9, 12820, DOI: 10.1038/s41598-019-49202-0 (2019).

DeGutis, J., Cohan, S. & Nakayama, K. Holistic face training enhances face processing in

developmental prosopagnosia. Brain 137, 1781-1798, DOI: 10.1093/brain/awu062 (2014).

Ellis, H. D. & Young, A. W. Training in face-processing skills for a child with acquired prosopagnosia.
Dev. Neuropsychol. 4, 283-294, DOI: 10.1080/87565648809540412 (1988).

DeGutis, J., Cohan, S., Kahn, D. A., Aguirre, G. K. & Nakayama, K. Facial expression training
improves emotion recognition and changes neural tuning in a patient with acquired emotion

recognition deficits and prosopagnosia. J. Vis. 13, 993-993, DOI: 10.1167/13.9.993 (2013).

Brunsdon, R., Coltheart, M., Nickels, L. & Joy, P. Developmental prosopagnosia: A case analysis
and treatment study. Cogn. Neuropsychol. 23, 822—-840, DOI: 10.1080/02643290500441841
(2006).

Bate, S., Adams, A. & Bennetts, R. J. Guess Who? Facial Identity Discrimination Training

Improves Face Memory in Typically Developing Children. J. Exp. Psychol. Gen. 149, 901-913,
DOLI: 10.1037/xge0000689 (2020).

Dolzycka, D., Herzmann, G., Sommer, W. & Wilhelm, O. Can Training Enhance Face Cognition
Abilities in Middle-Aged Adults? PLoS ONE 9, €90249, DOI: 10.1371/journal.pone.0090249
(2014).

Dowsett, A. J., Sandford, A. & Burton, A. M. Face learning with multiple images leads to fast
acquisition of familiarity for specific individuals. Q. J. Exp. Psychol. 69, 1-10, DOI:
10.1080/17470218.2015.1017513 (2016).

Jeckeln, G., Hahn, C. A., Noyes, E., Cavazos, J. G. & O’Toole, A. J. Wisdom of the social versus
non-social crowd in face identification. Br. J. Psychol. 109, 724735, DOI: 10.1111/bjop.12291
(2018).

White, D., Kemp, R. L., Jenkins, R. & Burton, A. M. Feedback training for facial image
comparison. Psychon. Bull. & Rev. 21, 100—106, DOI: 10.3758/s13423-013-0475-3 (2014).



1232 256. Towler, A., Keshwa, M., Ton, B., Kemp, R. I. & White, D. Diagnostic Feature Training Improves Face
1233 Matching Accuracy. J. Exp. Psychol. Learn. Mem. Cogn. DOI: 10.1037/xIm0000972 (2021).

1234 257. Young, A. W. & Burton, A. M. Are We Face Experts? Trends Cogn. Sci. 22, 100-110, DOI:
1235 10.1016/j.tics.2017.11.007 (2018).

1236 258. Andrews, S., Jenkins, R., Cursiter, H. & Burton, A. M. Telling faces together: Learning new faces
1237 through exposure to multiple instances. Q. J. Exp. Psychol. 68, 2041-2050, DOI:
1238 10.1080/17470218.2014.1003949 (2015).

1239 259. Matthews, C. M. & Mondloch, C. J. Improving Identity Matching of Newly Encountered Faces:
1240 Effects of Multi-image Training. J. Appl. Res. Mem. Cogn. 7, 280-290, DOI:
1241 10.1016/j.jarmac.2017.10.005 (2018).

1242 260. Dunn, J. D., Kemp, R. I. & White, D. Search templates that incorporate within-face variation

1243 improve visual search for faces. Cogn. Res. Princ. Implic. 3, 37, DOI: 10.1186/s41235-018-0128-1
1244 (2018).
1245

1246



1247
1248
1249
1250
1251
1252
1253

1254
1255
1256

1257

Table 1. Tasks used to measure individual differences in face processing abilities. Only tasks that
were specifically developed to test individual differences in face processing are included, where
normative accuracy data is available based on non-clinical adult samples of more than 80 participants.
Test-retest reliability is presented, and ranges indicate variable reliability in sub-measures reported.
This table signals a maturing field of individual differences in face processing with progress in testing a

range of face processing abilities, albeit most heavily concentrated in identity processing.

Target Task type Task Test-retest
ability reliability
Identity Perceptual matching BFRT, Benton Face Recognition Test'** '* -
Glasgow Face Matching Test™ a7t
Glasgow Face Matching Test 2°° 79
Kent Face Matching Test'"” 67
Models Matching Test"" -
Oxford Face Matching Test™ 75>
Yearbook Test'** -
1-in-10 Matching Test™ -
Perceptual discrimination | Cambridge Face Perception Test™ -
Facial Identity Card Sorting Test™> "> -
Recognition memory Adult/ Infant Face recognition Test" -
Cambridge Face Memory Test™ 70
Cambridge Face Memory Test Extended'” > -
UNSW Face Test™ 59%°
Naming Bielefelder famous faces test (BFFT)'” -
Before They Were Famous Test'”* -
Familiar Faces Memory Test** 7 -
Self report Cambridge Face Memory Questionnaire’” -
Hong Kong Prosopagnosia Questionnaire' > ®’ -
Prosopagnosia Index"” .89™
Stirling Face Recognition Scale®™ -
Expressions Perceptual matching Emotion Matching Task'' -
Naming Ekman 60 Faces'” -
Emotion Hexagon Test'”’ -
Facial Expression Labelling Test™" 39 - .85°%
Karolinska Directed Emotional Faces™"' -
Reading the Mind in the Eyes Test™” 63"
Impressions Rating Facial Impression Tests (Trustworthiness)'” 73"
Facial Impression Tests (Dominance)'” 58"
Facial Impression Tests (Attractiveness)12 50"
Individual Preference Test (Attractiveness)> 75%
Philadelphia Face Perception Battery 50"
(Attractiveness) '’
Demographics | Perceptual matching Philadelphia Face Perception Battery (Age)'"”’ 497
Naming Philadelphia Face Perception Battery (Gender)'"’ 37"
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Figure 1. Taxonomy of tasks used to measure face processing abilities. (A) Perceptual matching
involves deciding whether two or more images match on a given dimension (here: identity). (B)
Perceptual discrimination requires comparing two or more images on a given dimension and either
choosing most/least, or ranking from high to low (here: expression). (C) Recognition memory requires
studying faces and some time later memory for the faces is tested. (D) Naming tasks require naming a
person or labelling an expression, sometimes from a set of predefined labels. (E)Rating tasks ask
participants to rate a single image on a dimension using a Likert scale. (F) Self-report measures ask
participants about their face processing experiences in everyday life. Correlation of tests measuring the
same ability across different task formats establishes convergent validity, but differences in task format
can also interfere with measurement of association between different abilities.

Figure 2. Everyday decisions depend on rapid decoding of multidimensional facial cues. Everyday
decisions are made in rich and dynamic environments where multiple cues from multiple senses are
integrated and linked with complex social contexts. Coloured boxes list some of the ambient visual
cues that might influence perceptual judgments on given dimensions in real world tasks. For example, a
decision about where to sit on a bus might be contingent on both identifying your colleague and on
whether her mood would be conducive to casual conversation (is she upset?). Indeed those cues might
not be independent, if for example you have only encountered your colleague in a happy mood then her
expression might influence the identity judgment itself. Situational contexts such as the bus route, and
the clothes worn by the men who might be arguing, are also likely to influence judgments.
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Box 1: Defining developmental prosopagnosia

Acquired prosopagnosia is characterised by impairment of face processing resulting from brain

damage, but developmental prosopagnosia is not linked to known structural or genetic pathology.

. qegs . . c g . 159—
Nevertheless, poor face processing abilities can have severe negative impacts on social interactions

12 The problem of diagnosis is therefore critical. It is unclear whether developmental prosopagnosia is
better conceptualised as the low-end of the range of typical ability or as a condition in its own right,

independent of typical variability****"

. Understanding the dimensional structure of individual
differences in face processing can help better define developmental prosopagnosia and its association
with other conditions.

No genetic markers have yet been identified for developmental prosopagnosia, and reported neural
abnormalities vary between studies (Box 2). In the absence of reliable markers, the definition of
developmental prosopagnosia is purely based on behavioural performance on tests of face identity
processing or questionnaires probing everyday face recognition. Accurate diagnosis is therefore
conditional on the psychometric properties of these measures.

That some people with developmental prosopagnosia show impaired holistic processing but others

116,206

do not might reflect ‘cognitive heterogeneity’ of the condition , which could signal a family of

related subtypes of prosopagnosia rather than a unitary condition®””. This proposal would be consistent
with a genetic basis for the condition, despite the current absence of markers: many inherited disorders

are end-points of quantitative dimensional traits determined by multiple genes exerting small effects,

L . T 196,204,208
resulting in heterogeneity across a group of individuals .

Defining developmental prosopagnosia as a condition is further complicated by age-related declines

3 0’209, and the need to exclude the contributions of associated conditions . Some of these

in ability
.. . . . 21 :
conditions do have a clear organic basis (for example, macular degeneration'’, Alzeimer’s

212,213

pathoogies21 " frontotemporal dementia ) and produce associated progressive deficits in face

perception and memory abilities. The basis of other conditions is less well understood, for example

#3337 and Schizophrenia®”. The complexity of these disorders

Autism Spectrum Disorder (ASD)’
involve social and perceptual deficits that are not specific to faces® and manifests as heterogeneity in
the patterns of face processing impairment.

When symptomatic of broader conditions, patterns of impairment reflect the multidimensionality of
face processing abilities. Some disorders are associated with both impaired emotion and identity
processing (Autism’*, Schizophrenia®'’, Anxiety®). Other conditions selectively impair expression

110

recognition (Parkinsons™'®, Psychopathy" ). Individual difference studies can improve understanding of

the links between emotion processing deficits®* and face abilities in the typical population. Aside from
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Parkinson’s, these conditions involve traits that vary dimensionally in the typical population

so associated face processing impairments have implications for non-pathological variation
221

81,217,218
and

3,25,219—
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Box 2: Neural bases of face recognition

Examining anatomical brain differences and their relation to different ability levels can help improve
understanding of functional aspects of face processing abilities. Most studies on this topic have focused
on differences in blood flow within face-selective regions, measured using functional Magnetic
Resonance Imaging (fMRI). Some regions have been functionally defined as ‘face-selective’, and
differential activation to faces and non-face objects can then be measured to capture face-selective

responses at the individual level**. Individual differences are found in the precise locations of these

223,224 225,226

regions , and they are mostly stable over time within individuals
The Fusiform Face Area (FFA) is a functionally defined area that selectively responds to images of

faces across repeated brain scans (figure panel a, dark blue). Some studies show correlations between

2,29,30 30,227
h .

scores on face identification performance and FFA activation strength and region size’
However a number of studies report no association”* ", This inconsistency might be due in part to
small sample sizes, which are not well suited to individual difference analysis. Some comparisons of
FFA activation in people with developmental prosopagnosia to controls show reduced activity™> >,
but others show no difference®’. Inconsistency might also arise from poor reliability of brain
responses™ . Test-retest reliability of FFA activation has not been examined rigorously, although one
study does show relatively high stability in this measure over different presentations of faces in the
same experimental session”".

An association has also been found between FFA grey matter volume and performance in face
recognition%fzg. A small number of studies using electrophysiological recordings from the scalp
(ERPs), have also reported correlations between face-specific components and face recognition
performance'>*>**. Despite high reliability of some ERP measures over repeated testing™, in each of
these studies correlations between multiple face-selective ERP components were low (r = .3), and the
degree to which the components were face-selective did not reliably distinguish developmental
prosopagnosia from typical recognition abilities™".

The FFA is just one part of the neuronal network that has been identified as responding selectively to
faces (see figure). But outside the FFA, the association between individual differences in face
recognition and brain response in specific regions are relatively inconsistent across studies (light blue
and gray 1in figure: Occipital Face Area, OFA; Anterior Temporal Lobe, ATL; Amygdala, AMG;

29,30,239

Superior Temporal Sulcus, STS) . The degree of network connectivity, both within this core set of

regions and beyond, correlates with measures of face recognition” and reduced communication

239-241

between areas has been implicated in developmental prosopagnosia . The importance of

interconnection is also supported by structural investigations of white matter connections between
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Box 3: Training face recognition

The extent to which face recognition abilities can be improved with training has implications for
understanding individual differences and plasticity. Face recognition ability does not develop fully until
after the age of 30°"*" and people’s history of perceptual exposure to faces influences their

245,246

abilities . This flexibility in the face processing system could support training, and hence benefit

people with developmental prosopagnosia and those using face recognition professionally.

[H1] Training impaired face abilities

Attempts to train face recognition abilities of adults with developmental prosopagnosia have been
largely unsuccessful. One approach has been to train a holistic processing strategy when learning
previously unfamiliar faces, but accuracy benefits from these methods are rarely found. Where they are
reported, the benefits generalise poorly to faces not included in the training, and do not transfer to

247

superficially different faces, for example photos taken with different cameras or lighting”"". This poor

generalisation limits the clinical benefit of training and is consistent with earlier failed attempts to
improve face recognition performance in patients with acquired prosopagnosia****.

Another approach is to encourage use of individual face features for identification of familiar faces.
Many people with developmental prosopagnosia report using distinguishing facial features to identify
familiar faces'®. In a case study, researchers were able to teach children with developmental
prosopagnosia to recognise familiar faces by memorising three distinctive features of each person’s
face” and anecdotal evidence suggests that these improvements carried into daily life. Other studies
have also produced promising results training children with developmental prosopagnosiazs—l,
suggesting that treatment in early development could confer some benefit. However, training does not
transfer well to more naturalistic task conditions, a finding that is consistent with attempts to train face

recognition in the broader populationm.

[H1] Training typical face abilities

Training in applied settings tends to be tailored to the specific task of matching unfamiliar faces'®. A
large-scale evaluation of professional training courses showed no learning beyond the specific faces
used in each course'®. In laboratory studies, collaborative face matching decisions with another
personm’m, and accuracy feedback on decisionsﬁproduce small benefits to accuracy. Improvements
were specific to individuals with poorer recognition skills and were small in comparison to individual

differences. A common element might be participants’ realization that the task is more difficult than

they expect it to be, leading them to more careful analysis. Some paradigms have successfully
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improved accuracy by directing participants’ attention to diagnostic features'™>*°, which would be

consistent with the benefit of additional analysis.

Given the very large benefits of familiarity for face recognitiong’m, another approach has been

to develop familiar face representations. Substantial improvements are found when participants view

multiple different photos of the same face™>2*** 2% encouraging the formation of a coherent

. v g eqe . . 155.2 .
representation across variability. However, these benefits do not generalise to new faces'>*%, limiting

their value in applied settings.



