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PREFACE
Markus Bindemann1 and Ahmed M. Megreya2
1

2

School of Psychology, University of Kent, England, UK
Department of Psychological Sciences, Qatar University, Qatar

Face processing is a mainstream topic in Psychology. It is also a multi-faceted
research field, encompassing the cognitive, developmental, forensic, social, and neurophysiological psychology domains. Over the last few decades, progress in understanding
face processing across these domains has been enormous, with research outputs
increasing exponentially year-on-year. It is also a geographically-diverse field, with
scientists across the globe now researching various aspects of face processing.
It is in this context that we took on the role of editors for the current book. Many
great books exist already on face perception, but the sheer volume of emerging research
necessitates continuous efforts to update our overall understanding of current theory.
Such updating relies on researchers with a comprehensive and in-depth understanding of
specific face processing literatures, and with the courage to attempt to draw together
many individual studies to produce up-to-date overviews of a field. This process can be
akin to finding and fitting the pieces of a complicated and large puzzle. It also requires
appreciation of the missing pieces, whose nature and fit might still elude us altogether.
Considering the global nature of face processing research, such an attempt inevitably
requires the involvement of researchers from across the world. In this volume, we bring
together insights from researchers based at institutions in Australia, Canada, England,
France, Malaysia, The Netherlands, Qatar, South Africa, and the USA to reflect the
global nature of the scientific community that is studying face perception. Our
contributors also represent a mixture of established and upcoming researchers, with the
intention of giving an insight into the thinking of the minds that represent the present as
well as the future of this research field. The result is, we hope, a book that provides
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diverse, interesting, useful and thought-provoking chapters, covering a range of topics of
current theoretical and applied importance.
These contributions are partitioned broadly to give insight into face processing
Systems, Disorders and Cultural Differences. Several face-processing systems are
considered, ranging from the face-matching systems that are employed to verify a
person’s identity in applied security settings (Chapter 2 - Towler, Kemp, and White), the
systems for the construction of criminal facial composites in police investigations
(Chapter 3 - Davis, Gibson, and Solomon; Chapter 4 - Frowd), to the cognitive systems
for the recognition of familiar faces and bodies (Chapter 7 - Sandford; Chapter 8 - Lander
and Pitcher). These contributions are contextualized by a review of unfamiliar face
matching (Chapter 1 - Fysh and Bindemann), and linked by chapters that draw attention
to important under-researched or emerging phenomena, such as our ability to process
multiple faces and its effect on eyewitness memory (Chapter 5 - Nortje, Tredoux, and
Vredefeldt), eyewitnesses’ puzzling blindness to detect changes in their own face
recognition decisions (Chapter 6 - Sagana and Sauerland), and a review of gaze cueing
that demonstrates, for one, the need to move beyond some of the established laboratory
paradigms to understand face processing fully (Chapter 9 - Hermens).
The chapters dedicated to disorders of face processing begin with a detailed review of
what is currently known about people with exceptionally high face recognition and
matching ability (Chapter 10 - Noyes, Phillips, and O’Toole). These super-recognizers
are of great current interest in the face domain, both for enhancing theoretical
understanding as well as a potential solution to some important practical problems. A
subsequent chapter contrasts super-recognizers and people with developmental
prosopagnosia, who display face recognition difficulties since childhood, to provide a
direct comparison of these extremes of face-processing ability (Chapter 11 - Bate and
Murray). This is followed by a review of face processing in autism spectrum disorder,
which considers the impact of early delays in basic face processing on a person’s lifelong
facial information processing and social ability (Chapter 12 - Webb, Jones, Neuhaus, and
Faja). At this point, we also consider how multisensory illusions can interfere with
recognition of the self, and moderate the affective and social processing of faces (Chapter
13 - Estudillo and Bindemann).
These chapters are linked to cultural differences in face processing via a review of
children’s face identification ability (Chapter 14 - Havard), to lead into a review of the
development of perceptual and social face race biases in infants (Chapter 15 - Xiao,
Quinn, Lee, and Pascalis). Subsequent contributions examine how cultural factors, such
as headdress traditions and reading direction affect face perception (Chapter 16 Megreya and Bindemann), contrast cultural similarities and differences in the processing
of facial expressions (Chapter 17 - Yan, Young, and Andrews), and consider the role of
face gender in emotion processing (Chapter 18 - Taylor). The volume concludes with a
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systematic comparison of different biases in face processing, including biases of
ethnicity, gender and age (Chapter 19 - Hills and Mahabeer).
We faced an extremely quick turnaround to make this book possible, with the first
invites sent to contributors in September 2016 and a deadline for final submission of all
chapters in May 2017. This would not have been achievable without enthusiastic,
knowledgeable and committed contributors – we thank them all.
Markus Bindemann and Ahmed M. Megreya
Canterbury, England and Doha, Qatar – May 2017
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Chapter 1

FORENSIC FACE MATCHING: A REVIEW
Matthew C. Fysh* and Markus Bindemann
School of Psychology, University of Kent, England, UK

ABSTRACT
Forensic face matching refers to the comparison of pairs of faces for identification
purposes, and is ubiquitous in applied contexts such as passport control. Despite its
widespread use, a remarkable number of errors arise in this task even under optimised
conditions. In this review, we outline the problem of face matching within the wider
context of passport control. We then proceed to review factors that influence accuracy by
constraining data quantity within stimuli, through changes in pose, illumination, and
image quality, for example. This is followed by a review of factors that influence
resource limits within individuals to perform this task, encompassing individual
differences and sources of bias.

Keywords: face matching, data limits, resource limits, passport control

INTRODUCTION
At airports and national borders, passport officers routinely compare travellers to
their passport photographs. A key purpose of this task is to confirm that the person
depicted in the identity document matches its bearer. Travellers may attempt to evade
detection at this stage by using a fraudulent passport into which their photograph has
been inserted. However, with the development of sophisticated passports, such

*

Corresponding Author address: Matthew C. Fysh, School of Psychology, University of Kent, Canterbury CT2
7NP, England, UK. Email: m.c.fysh@kent.ac.uk.
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counterfeit identity documents are increasingly difficult to forge. An alternative method
to avoid detection is for travellers to use the stolen or borrowed passport of another
person that is of similar appearance. These identity mismatches, or impostors, are now a
documented security concern (NCA, 2015; Stevens, 2011), and are on the increase
(Bundesdruckerei, 2013; National Audit Office, 2007).
In Psychology, this problem has been studied with forensic face matching tasks, in
which observers compare two concurrent faces to decide whether they depict one person
(an identity match) or different individuals (a mismatch) (see Johnston & Bindemann,
2013). The purpose of this research is to estimate face-matching accuracy in applied
settings, given that detection rates in these contexts are unknown due to factors such as
inadequately documented arrivals (NCA, 2015). This research has consistently shown
that face matching is highly error-prone, and raises concern about reliance on this task for
security purposes.
In laboratory experiments, observers often compare highly optimised pairs of faces,
which are presented under neutral lighting and with a similar expression and pose (for an
example, see Figure 1). Crucially, identity matches in this task are constructed from two
images that have been taken on the same day, but using different cameras. Even when
matching faces under such favourable conditions, up to 20% errors arise (Burton, White,
& McNeill, 2010). This level of performance is already considered problematic for
operational contexts (Jenkins & Burton, 2008; Robertson, Middleton, & Burton, 2015),
but further errors occur when the task more closely approximates realistic settings. For
example, when faces are matched for a sustained duration, accuracy on mismatch trials
deteriorates enormously, to around 50% (Alenezi & Bindemann, 2013; Alenezi,
Bindemann, Fysh, & Johnston, 2015). This raises the possibility that the detection of
impostors at passport control, where face matching over long periods is the norm, is
extremely vulnerable to human error.
Separate studies have also shown that impostor detection accuracy can be reduced to
near-chance level with realistic photo-ID documents (Bindemann & Sandford, 2011;
Kemp, Towell, & Pike, 1997). This problem arises from the variation in appearance that
people exhibit naturally over time, through changes in hairstyle, age, weight, or facial
adiposity, for example (Jenkins, White, van Montfort, & Burton, 2011; Megreya,
Sandford, & Burton, 2013). Research has also shown that embedding a face within a
passport frame alongside information such as name and date of birth is sufficient to
reduce accuracy on mismatch trials by around 8%, and promotes a bias to erroneously
classify pairs as identity matches (McCaffery & Burton, 2016). Together, these findings
suggest that identity verification from photographic documents such as passports, which
are typically valid through a ten-year period and require the validation of important
biographical details, is a particularly difficult task.
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Figure 1. Example pairs from the Glasgow Face Matching Test (GFMT) (Burton et al., 2010). The top
pair depicts an identity match, whilst the bottom pair is an example of an identity mismatch.

While much of this evidence has been collected through experimentation with student
participants, some studies have also investigated the performance of passport officers. In
one such study, passport renewal officers, who routinely compare new passport
photographs with an expired image, incorrectly accepted 14% of mismatching identity
pairs in a person-to-photo comparison task (White, Kemp, Jenkins, Matheson, & Burton,
2014). In a further experiment, officers performed similarly to students, with an average
error rate of 20% when matching pairs of optimised face photographs. More recent
studies have also investigated the performance of facial review staff; who verify the
eligibility of new passport applications, and facial examiners; who perform specialist
comparisons in circumstances where a suspected fraudulent application is detected
(White, Dunn, Schmid, & Kemp, 2015). This research found that the facial review staff
performed comparably to student participants, and made 52% errors in this task. Facial
examiners were considerably less error-prone than the other two groups, but still made
31% errors when comparing target faces.
These experimental findings are corroborated by government reports that up to 61%
of fraudulent passport applications in the UK are annually missed by the Passport Office
(HM Passport Office, 2016). Furthermore, between 2015 and 2016 Border Force UK
detected 1,013 travellers that carried Fraudulently Obtained Genuine (FOG) passports,
which comprise stolen or borrowed identity documents (UK Parliament, 2016). These
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records do not take into consideration any of the factors that are already known to impact
accuracy in this task. It is therefore likely that these numbers greatly underestimate the
true scale of the problem.

FORENSIC FACE MATCHING: A DATA PROBLEM
One explanation for errors in face matching is that these arise from data limits,
whereby the identity information within to-be-compared face stimuli might be too limited
to make a definitive decision. High-quality face images that are matched for illumination,
pose, and expression should present the fewest data limits, and result in an average
performance of 80-90% accuracy (Burton et al., 2010). Accuracy deteriorates by 8-10%
following a change in viewpoint between to-be-compared faces (Bruce et al., 1999;
Estudillo & Bindemann, 2014), and up to 23% through differences in image quality
(Bindemann, Attard, Leach, & Johnston, 2013; Henderson, Bruce, & Burton, 2001). Such
factors demonstrate that the amount of information that is available across both images in
a face pair is closely related to performance in this task. Below, these data-limiting
factors are reviewed separately.

Illumination
Under natural viewing conditions, faces can be illuminated from several different
directions, such as from above, the side, or the front. Changes in lighting direction affect
the information that is visible in a face. For example, illuminating a person from one side
creates shading on the opposing side, obscuring a significant proportion of their face.
In an early face-matching study, Hill and Bruce (1996) showed that fewer matching
errors occurred when lighting direction was consistent for both faces in a pair, and top-lit
faces were matched more accurately than bottom-lit faces. Variation in lighting direction
within pairs increased false match decisions (Experiment 2). These findings are of
practical relevance to applied contexts, which typically require the comparison of an
evenly-lit passport photograph to the image of its bearer under ambient lighting
conditions. This variation represents a substantial source of noise, and contributes to the
difficulty of person identification (Jenkins et al., 2011).
One solution to this problem is the implementation of face averages, which are
merged representations of multiple face photographs. These averages portray elements of
a person’s face that remain stable over time, whilst eliminating sources of noise such as
changes in lighting (see Burton, Jenkins, Hancock, & White, 2005; Jenkins & Burton,
2011), and appear to enhance person identification in face matching (Robertson, Kramer,
& Burton, 2015; White, Burton, Jenkins, & Kemp, 2014). Alternatively, single face
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images could be pre-processed to reduce the variation associated with incongruent
lighting. This approach was explored in a recent study, in which observers made up to
27% identification errors when sequentially viewing disparately-lit faces. These errors
were reduced by 11% by raising the luminance of shaded areas relative to the rest of the
face, whilst preserving the contours and depth of the original image (Liu, Chen, Han, &
Shan, 2013).

Viewpoint
Changes in viewpoint impair the recognition of newly learned faces (see, e.g., Hill &
Bruce, 1996; Longmore, Liu, & Young, 2008) and face matching (see, e.g., Bindemann
et al., 2013; Bruce et al., 1999; Estudillo & Bindemann, 2014; Hill & Bruce, 1996). Hill
and Bruce (1996) found, for example, that observers were 13% more accurate at
matching faces that were both presented in profile or three-quarter views than when
viewpoint differed. A change in view appears to specifically impair accuracy on
mismatch trials, by 10-15% (Bindemann et al., 2013; Estudillo & Bindemann, 2014).
However, changes in viewpoint did not interact with reductions in image quality
(Bindemann et al., 2013) or external-feature masking (Estudillo & Bindemann, 2014).
This indicates that view changes are not exacerbated by additional factors.
One explanation for the effect of view on face-matching accuracy could be that
observers cannot refer to the same internal features (i.e., the eyes, nose, and mouth)
across to-be-compared face targets. These features are fixated frequently during facematching tasks (Bobak, Parris, Gregory, Bennetts, & Bate, 2017; Ӧzbek & Bindemann,
2011), but the proportion of fixations that land on the features are affected greatly by
changes in view (Bindemann, Scheepers, & Burton, 2009). On the other hand,
identification across view is robust with familiar face targets (Hill & Bruce, 1996;
Jenkins et al., 2011), and some observers are also highly accurate in matching unfamiliar
faces across views (Estudillo & Bindemann, 2014). This indicates that sufficient visual
information can exist within faces to identify unfamiliar faces across views, but some
observers are better at utilising this information than others.

Image Degradation
Passports only provide small face images, and the resolution of these images can be
reduced further during passport printing and lamination compared to the source
photograph. In addition, three-dimensional holograms are typically applied to passport
photographs, which appear to move when the passport is tilted. These manipulations
degrade the visual quality of a passport image and create a mismatch to the presentation
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of its bearer. Matching poor-quality footage to high-quality targets reduces the detection
of mismatches by 11% and also increases the false rejection of identity matches by 10%
(Bruce, Henderson, Newman, & Burton, 2001). In fact, in some studies where observers
compare low-quality images of targets extracted from CCTV footage to high-quality
counterparts, performance only marginally exceeds chance levels, but improves
considerably, by roughly 26%, when to-be-compared face images are both of highquality (Henderson et al., 2001).
More recent research suggests that poor image quality might specifically reduce
accuracy on match trials, thus leading observers to classify more stimuli as “impostors”.
For example, accuracy on match trials was reduced by 16% when comparing a blurred
image to a high-quality counterpart, whereas performance on mismatch trials was
comparable to when viewing two high-quality images (see Experiments 1 & 3; Strathie &
McNeill, 2016). Similarly, accuracy deteriorates from 90% when matching highresolution stimuli, to below 50% when observers match a high-quality face to a heavilypixelated low-resolution target (Experiment 1; Bindemann et al., 2013). These findings
suggest that observers might adopt a bias to classify pairs of faces as depicting different
identities when image quality is degraded. Perhaps counterintuitively, reducing the size
of poor-quality faces can partially offset the detrimental effects of low image resolution
(see Experiments 2 & 3; Bindemann et al., 2013), which points to potential solutions to
this problem. Accurate identification from low-resolution images also remains possible
for individuals with a high aptitude for matching faces (Robertson, Noyes, Dowsett, &
Burton, 2016), or who are familiar with the target identities (Burton, Wilson, Cowan, &
Bruce, 1999; Jenkins & Kerr, 2013). This indicates that degradation in image quality
imposes data limits that reduce performance generally, but that the task can remain
solvable and high accuracy in some select individuals may remain relatively preserved.

Within-Target Variation
Faces undergo considerable variation over time. This encompasses changes in
hairstyle, weight, and facial paraphernalia such as glasses (Jenkins & Burton, 2011;
Jenkins et al., 2011). A consequence of this is that the degree of similarity between a
passport photograph and its owner decreases as the time interval between these lengthens.
Studies have suggested that such variation increases the error-rate on identity match
trials. For example, Megreya et al. (2013) found that accuracy deteriorated from
approximately 90% when comparing two images of the same person that were taken on
the same day, to around 70% when the time interval between these images increased to
several months (Experiment 2). These findings indicate that in operational contexts such
as passport control, accuracy is compounded by the variation that arises between a person
and their passport photograph over time.
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Variation within targets also influences the extent to which a photograph represents a
given identity (see Figure 2). For example, Bindemann and Sandford (2011) found that
when matching a target face to one of three different ID photographs, accuracy ranged
from 46-67%. In addition, Jenkins et al. (2011) tasked observers with sorting 40
intermixed images of two unfamiliar identities into single-identity piles. The researchers
found that observers most commonly detected nine identities out of the 40 images, and
that none of the participants arrived at the correct solution. A further experiment also
revealed that images meeting the requirements for passport photographs were rated as
being less identity-representative than ambient images that did not meet these
requirements (Experiment 3).

Figure 2. Faces naturally vary over time, due to changes in age, hairstyle, and camera angle. A result of
such variation is that no face casts the same image twice (see also, Jenkins & Burton, 2011).

These findings reflect that the variability that arises within targets over time leads to
a considerable number of errors in face matching. One solution to this problem is to
present observers with multiple exemplars of a target from different contexts. An early
demonstration of this was provided by Bindemann and Sandford (2011), who found that
accuracy was at 60% when matching one of three ID photographs to a target, but
improved to 85% when three ID photographs of the target were presented concurrently.
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Later research exploring this strategy found that performance improved from
approximately 80% when comparing many pairs of faces, to 90% when matching four
concurrent images of a single identity to a probe image (White, Burton, et al., 2014;
Experiment 2). Further evidence suggests that accuracy improves incrementally as the
number of single-identity exemplars increases, but that this improvement is identityspecific and does not generalise to novel targets (Dowsett, Sandford, & Burton, 2016).
Together, these studies indicate that the problem of within-target variation in face
matching can be partially mitigated by increasing the amount of target data available in
these tasks.

Feature Masking
Unfamiliar face matching appears to be disproportionately dependent on external
features, such as hairstyle and head outline (Bruce et al., 1999; Clutterbuck & Johnston,
2002; Estudillo & Bindemann, 2014; Henderson et al., 2001; Kemp, Caon, Howard, &
Brook, 2016; Megreya & Bindemann, 2009). This is demonstrated in matching research
where the external features of faces are obscured or removed. In an early study, for
example, Bruce et al. (1999) removed the external features from one face image in a pair.
This manipulation reduced accuracy by 35%, whereas removing the internal features such
as the eyes, nose, and mouth, reduced accuracy by only 11%. Reliance on external
features in unfamiliar person identification was also demonstrated by Henderson et al.
(2001), who found that accuracy was reduced from 64% when hair was visible, to 43%
when targets’ hair was covered. By contrast, removing the external features of difficult
face-pair stimuli, such that observers may only extract identity-relevant information from
internal features, can improve accuracy by 5% on difficult stimuli (Kemp et al., 2016).
These findings suggest that observers rely heavily on external features when matching
pairs of faces, but that such features may also be misleading.
This reliance on external features appears to vary across cultures. For example, in
Middle-Eastern countries, headscarves are traditionally worn, which can obscure defining
external features such as hair and head outline. As a consequence, facial identification in
these settings relies to a greater extent on internal features than in some other countries,
and facilitates an internal-feature advantage. This was shown by Megreya and
Bindemann (2009), who found that Egyptian observers were more accurate at matching
internal-feature faces than British observers, but also that British observers were more
accurate when comparing external-feature faces (Experiment 4). However, this internalfeature advantage was absent in Egyptian children, indicating that viewing strategies in
face processing continue to develop throughout adolescence (Experiment 5).
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Live-to-Photo Matching
Person identification at passport control involves a comparison between a dynamic
three-dimensional individual and a two-dimensional face photograph. This differs from
many face-matching studies, which typically involve comparisons between image pairs.
Some research has explored this discrepancy by comparing face photographs to video
footage. For example, Bruce et al. (1999) found that accuracy improved from 68% when
observers compared pairs of face images, to 79% when comparing a face image to video
footage. However, in a later study this advantage was not replicated in student
participants, but in a patient with prosopagnosia, whose accuracy improved from 31%
when comparing static photographs, to 75% when one image was replaced with a video
clip (see Experiment 3, Lander, Humphreys, & Bruce, 2004).
More recent research suggests that matching a live person to an image does not
improve accuracy, but facilitates a response bias to classify pairs as identity matches (see
Davis & Valentine, 2009; Megreya & Burton, 2008; see also, Kemp et al., 1997; White,
Kemp, Jenkins, Matheson, et al., 2014). For example, 15% more errors occurred on
mismatch trials when observers compared a live target, rather than a high-quality
photograph, to one-week-old video footage (Experiment 3, Davis & Valentine, 2009).
Further evidence for this bias is provided by Megreya and Burton (2008), who found that
although overall accuracy was comparable between photo-to-photo and person-to-photo
comparisons, mismatch errors increased by 7% in the latter condition, reflecting an
increased tendency to identify pairs as matching when comparing a live individual to a
photograph (Experiment 3).

FORENSIC FACE MATCHING: A RESOURCE PROBLEM
The previous section reviewed factors that impose data limits on face matching.
However, considerable evidence also suggests that performance in this task depends on
resource limits, whereby errors occur because observers fail to correctly use the available
information within stimuli. This is reflected in studies with minimal data limitations,
where individual accuracy nonetheless ranges from 50-100% (see Bindemann, Avetisyan,
& Rakow, 2012; Burton et al., 2010; Estudillo & Bindemann, 2014). Other studies show
also that select observers are able to match faces with consistently high accuracy despite
high data limitations (e.g., Robertson et al., 2016; White, Phillips, Hahn, Hill, & O’Toole,
2015). Below, factors that are relevant to resource limits in face matching are reviewed.
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Individual Differences in Face Matching
Large performance differences arise between individuals in unfamiliar face matching
(Bindemann, Avetisyan, et al., 2012; Bindemann, Brown, Koyas, & Russ, 2012; Burton
et al., 2010; Estudillo & Bindemann, 2014; White, Kemp, Jenkins, Matheson, et al.,
2014). For example, when matching optimised face-pair stimuli with minimal data
limitations, average performance is 80-90%, but individual accuracy ranges from 50100% (Burton et al., 2010). Moreover, the accuracy of some individuals fluctuates by up
to 20% when matching the same set of faces across consecutive days, whilst other
individuals consistently achieve perfect performance (Bindemann, Avetisyan, et al.,
2012). These findings reflect that sufficient data is portrayed within optimised face pairs,
but that some observers fail to utilise this information when making an identity
judgement.
Such differences also emerge under more taxing conditions. For example, accuracy
ranges from 55-100% when comparing optimised targets across different viewpoints
(Estudillo & Bindemann, 2014), and from 25-100% when matching pixelated images of
familiar faces (Robertson et al., 2016). Taken together, this research suggests that even
under high data constraints, identification remains possible for some observers,
suggesting that face-matching ability exists on a continuum.
Recent research has identified individuals who fall on the higher end of this
continuum. For example, Bobak, Dowsett, and Bate (2016) found that a group of ‘superrecognisers’ (see Russell, Duchaine, & Nakayama, 2009) outperformed control subjects
by 10% in an optimised matching task, and by 18% under more taxing conditions. In
another study, super-recognisers scored 93% in an array matching task, outperforming
one control group by 20% (Bobak, Hancock, & Bate, 2016).
Research has also investigated high-performing individuals who operate within
applied settings. For example, Robertson et al. (2016) found that four metropolitan police
super-recognisers scored 96% on an optimised face matching task, outperforming a
control group of police trainees by 15%. Furthermore, the super-recognisers made only
7% errors when matching pixelated images of familiar faces, and outperformed student
observers by 20%. In another study, specialist facial examiners outperformed groups of
students and facial review staff by 21% (White, Dunn, et al., 2015), but still made 31%
errors. Additionally, government-employed forensic experts were more accurate than
student observers across constrained viewing conditions, and when stimuli were inverted
(White, Phillips, et al., 2015). Overall, this research reflects that data limitations can be
offset by individuals with high resource capacity for matching faces.
By contrast, low resource capacity for face matching reduces accuracy despite
minimal data limitations. For example, individuals with developmental prosopagnosia
perform consistently poorly in facial identification (see Dalrymple & Palermo, 2016;
Duchaine & Nakayama, 2006) and face-matching tasks (White, Rivolta, Burton, Al-
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Janabi, & Palermo, 2017). These differences appear to be exacerbated further under more
taxing conditions. This is reflected by increased errors on match trials (White et al.,
2017), indicating a specific impairment for determining that two faces depict the same
identity.
These differences between individuals are reflected in viewing strategies, with superrecognisers spending longer than developmental prosopagnosics and control subjects
when fixating internal regions such as the eyes and nose in free-viewing tasks (Bobak,
Parris, et al., 2016). However, performance is also impacted by differences between
individuals such as race (Megreya, White, & Burton, 2011; Meissner, Susa, & Ross,
2013), age (Megreya & Bindemann, 2015), emotional state (Attwood, Penton-Voak,
Burton, & Munafò, 2013), sex (Megreya, Bindemann, & Havard, 2011), and personality
(Megreya & Bindemann, 2013). These factors are reviewed separately below.
Face matching and race. The Own-Race Bias or Cross-Race Effect has been widely
demonstrated in face recognition research, whereby person identification is more reliable
when a target belongs to one’s own race (see, e.g., Meissner & Brigham, 2001; Chiroro,
Tredoux, Radaelli, & Meissner, 2008). This effect has also been demonstrated in face
matching. For example, Megreya, White, et al. (2011) found that British observers made
14% more errors when matching other-race faces than when matching own-race faces.
Similarly, Egyptian observers made more errors when matching British faces than
Egyptian faces. This converges with a later study, where face-matching accuracy
deteriorated from 83% when viewing own-race faces, to 72% when faces belonged to a
different race (Meissner et al., 2013). The researchers also found that errors increased
further when to-be-matched faces were photographed many months apart (Experiment 2),
and when targets were partially disguised with a cap and sunglasses (Experiment 3).
Face matching and age. Research has also suggested that age influences face
identification ability (see, e.g., Dolzycka, Herzmann, Sommer, & Wilhelm, 2014). In one
study, Megreya and Bindemann (2009) found that Egyptian adults were more reliant on
the internal features of faces compared to the external features. However, this
dependency was reversed in Egyptian children, indicating that viewing strategies in face
matching continue to develop past adolescence. More recent research indicates that facematching performance improves into adulthood, but deteriorates thereafter. For example,
Megreya and Bindemann (2015) found that 19-year-olds were 12% more accurate than
65-year-olds on match trials, and also outperformed 7-year-olds by 10% (Experiment 2),
reflecting the continued development of face processing ability throughout adolescence,
as well as an age-related deterioration in this task.
Face matching and personality. Person identification may also be influenced by
individual differences in personality traits, such as extraversion (Lander & Poyarekar,
2015) or empathy (Bate, Parris, Haslam, & Kay, 2010). In one study, for example, female
observers who scored lower in emotional stability made a greater number of mismatch
errors (Megreya & Bindemann, 2013). Conversely, another study found that induced
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anxiety resulted in 6% more errors on identity match trials (Attwood et al., 2013).
Together, these findings reflect that face-matching accuracy is negatively related with
anxiety, and converge with studies showing that anxiety also reduces face recognition
accuracy (Deffenbacher, Bornstein, Penrod, & McGorty, 2004).
Face matching and sex. Recent studies have suggested that sex differences between
observers are also influential in face matching. For example, Megreya and Bindemann
(2013) found a negative relationship between anxiety and face-matching accuracy, but
only for female observers. Other studies show that female observers are 4% more
accurate than male observers when matching female faces (Megreya, Bindemann, et al.,
2011). Conversely, male observers performed comparably when matching female and
male face pairs. These findings suggest that an own-gender bias exists in female, but not
male observers when matching faces. However, these differences are relatively small,
when considered within the context of other individual differences such as cross-race
effects or age differences, which have been found to account for up to 11% and 18%
increases in error rates, respectively (see Megreya & Bindemann, 2015; Meissner et al.,
2013).

Mismatch Frequency
A key objective for passport officers is the detection of impostors (Stevens, 2011).
These identity mismatches are rare in operational settings (UK Parliament, 2016; HM
Passport Office, 2016). In laboratory settings featuring an equal number of match and
mismatch trials, observers typically mistake 20% of mismatch pairs for identity matches
(see Burton et al., 2010). Perhaps counterintuitively, some research indicates that low
mismatch prevalence does not reduce face-matching accuracy. For example, when a
single mismatch was featured among 50 trials, accuracy was 93%, but decreased to
around 88% when match and mismatch trials occurred equally often (Bindemann et al.,
2010). Reversing the order of these conditions resulted in comparable accuracy between
equal and low mismatch prevalence, with 96% and 92% accuracy, respectively
(Experiment 2).
By contrast, more recent studies indicate that mismatch errors increase when these
trials are infrequent. For example, Moore and Johnston (2013) found that performance
deteriorated from 83% under equal mismatch prevalence to 57% when mismatches were
rare. More recently, Papesh and Goldinger (2014) investigated low mismatch prevalence
using a more challenging range of stimuli. In this study, accuracy on mismatch trials
deteriorated from 77% with equal match and mismatch frequency, to 48% when
mismatches were rare.
These findings indicate that under more challenging conditions, detection of
infrequent mismatches is more error-prone. However, due to some important differences
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between studies, it is difficult to determine the true extent to which low mismatch
prevalence impacts face matching accuracy. For example, Papesh and Goldinger (2014)
did not inform observers that mismatches would be occurring infrequently, but applied
feedback for errors throughout the task. Conversely, Bindemann et al. (2010) informed
observers that mismatches would be rare, but also employed a considerably easier range
of stimuli. These differences require further exploration to fully understand facematching performance under low mismatch prevalence.

Response Bias
Studies have shown that observers sometimes develop a response bias in face
matching. Alenezi and Bindemann (2013) found, for example, that in an extended facematching task, observers developed a response bias to erroneously classify pairs as
identity matches. This resulted in a deterioration of 31% in mismatch identification
accuracy over 1000 successive trials. This bias appears to be alleviated when feedback is
provided on a trial-by-trial basis (Alenezi & Bindemann, 2013), but is impervious to
regular rest breaks and changes in environment (Alenezi et al., 2015), and appears to be
compounded by time pressure (Bindemann, Fysh, Cross, & Watts, 2016). Other research
has indicated that a match bias also arises when matching live individuals to face
photographs (see Davis & Valentine, 2009; Megreya & Burton, 2008), as well as when a
target face is viewed in the context of a passport frame (McCaffery & Burton, 2016), and
when mismatches are rare (Papesh & Goldinger, 2014). In addition, intranasal inhalations
of oxytocin trigger a match bias in array-matching tasks, but do not facilitate higher
accuracy (Bate et al., 2015).
By contrast, Moore and Johnston (2013) found that a bias to classify faces as identity
mismatches emerged when observers were motivated to perform above average (Moore
& Johnston, 2013). In addition, Strathie and McNeill (2016) observed a mismatch
response bias when participants viewed poor-quality images (see also, Bindemann et al.,
2013), whilst other research indicates that a mismatch bias arises when viewing durations
of faces are highly constrained (Ӧzbek & Bindemann, 2011).

Time Pressure
In laboratory settings, face-matching tasks are typically completed without time
constraints, to measure best-possible accuracy. By contrast, passport officers must
process queues of travellers within strict time targets that are frequently breached (Home
Affairs Committee, 2012; ICI, 2014, 2015; Toynbee, 2016), suggesting that time pressure
is regularly experienced in these settings. A recent study showed that under increasing
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time pressure, mismatch accuracy deteriorated from 89% when ten seconds were
available per trial, to 79% when time pressure was two seconds (Bindemann et al., 2016).
In addition, performance improved when time pressure receded, suggesting that this
factor may contribute to errors in operational contexts.
Accuracy is also reduced when the viewing duration of stimuli is restricted. Research
suggests that a minimum presentation time of 1-2 seconds is sufficient to process and
match some face images (O’Toole et al., 2007; Özbek & Bindemann, 2011), but that
performance deteriorates under shorter durations, from 87% when viewing times are
unlimited, to 80% when pairs are presented for only a second (Bindemann et al., 2010;
Özbek & Bindemann, 2011).
Later research indicates that under more taxing conditions, observers require longer
than two seconds to process stimuli (e.g., O’Toole et al., 2012; White, Phillips, et al.,
2015). For example, government-employed forensic experts were more accurate than
student control subjects when viewing difficult face pairs for two seconds, but also
outperformed these observers by a greater margin when stimuli could be viewed for up to
30 seconds (White, Phillips, et al., 2015). These findings suggest that the allocation of
cognitive resources in face matching can exceed a two-second threshold when task
conditions are more challenging.

CONCLUSION
This review outlined some of the key factors that impact human performance in
forensic face matching tasks, with a specific focus on operational contexts such as
passport control. The current literature demonstrates that performance deteriorates
generally under high data limitations, such as when image quality is poor (Bindemann et
al., 2013; Henderson et al., 2001), but improves when additional data are available, such
as when multiple exemplars are provided (see Bindemann & Sandford, 2011; White,
Burton, et al., 2014). High data limitations can also be offset by high cognitive resources,
within observers, for face matching (see Estudillo & Bindemann, 2014; Robertson et al.,
2016; White, Phillips, et al., 2015), but not vice versa (see Burton et al., 2010; White et
al., 2017). In addition, the depletion of face-matching resources, due to factors such as
increased cognitive load (see McCaffery & Burton, 2016) or prolonged task duration (see
Alenezi & Bindemann, 2013; Alenezi et al., 2015), is catastrophic for accuracy.
Research shows that the face matching problem is solvable. Moreover, this solution
appears to be driven by individual differences in the ability to perform this task, which
can overcome considerable data limitations in stimuli. To further understand the
cognitive factors that underpin face matching in realistic settings, it is important to
investigate these individual differences increasingly in the context of practically relevant
factors, such as time pressure, and within-target variation. This approach will serve to
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provide further information about the mechanisms driving performance in face matching,
which will subsequently reveal strategies for minimising errors in practical settings.
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ABSTRACT
Many years of research has established that humans are poor at identifying
unfamiliar faces. This poses a significant problem in applied settings that depend on
accurate face matching to verify the identity of unfamiliar people, such as when issuing
photo-ID documents and in forensic investigations. However, in these situations, face
matching decisions are seldom made by a single person. Instead, they are made by face
matching systems, whereby chains of humans and computers make a series of identity
judgements in a predetermined sequence. Psychologists and computer scientists have
made good progress studying how individual components of these systems perform.
However, very little is known about how well the components work together. In this
chapter, we draw on research spanning psychology, forensic science and computer
science to provide an initial indication of face matching system performance, suggest
improvements to system design, and highlight key areas for future research.
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INTRODUCTION
Deciding whether two images are of the same unfamiliar person is a key component
of many identity verification systems, for example when identifying criminal suspects,
processing financial transactions and issuing photo-ID documents. The cost of
identification errors in these systems can be serious: resulting, for example, in the
issuance of false passports to criminals and the wrongful imprisonment of innocent
people. Society therefore relies heavily on the accuracy of face matching decisions.
This reliance is not in keeping with a very large psychological literature showing that
people perform very poorly when identifying unfamiliar faces (e.g., Bruce, Henderson,
Newman, & Burton, 2001; Burton, Wilson, Cowan, & Bruce, 1999; Kemp, Towell, &
Pike, 1997). More recently, it has become clear that this problem is not limited to labbased research using novice participant groups, but that poor performance extends to
professionals who match unfamiliar faces in their daily work (e.g., White, Dunn, Schmid,
& Kemp, 2015; White, Kemp, Jenkins, Matheson, & Burton, 2014).
In many applied settings, complex procedures have been developed to support face
matching decisions. For instance, significant advances in biometric identification
technology has seen the widespread introduction of facial recognition software. In
addition, a number of organisations have started to form specialist teams of face matching
experts. Increasingly, identification decisions in applied settings are not made by a single
person. Instead, face matching decisions are distributed across multiple human and
computer processes. In this chapter, we refer to these distributed networks of decisionmaking as face matching systems.
The development of face matching systems has caused a widening gap in our
scientific understanding of face identification in applied settings. This is because
theoretical knowledge of face identification is almost entirely based on studies that
examine the accuracy of individuals (see Bruce & Young, 2012; Calder, Rhodes,
Johnson, & Haxby, 2011; Hole & Bourne, 2010). Because participants have been tested
in isolation from the broader context of the decision-making framework, very little is
known about how the component processes in these systems interact to produce accurate
face matching decisions.
In this chapter, we consolidate evidence from the psychological, forensic and
computer sciences to gain a preliminary understanding of current system performance,
explore methods of optimising system design, and identify key areas for future research.
We argue that it is necessary for researchers to address the significant knowledge gaps in
this area, not just to reveal the current (and potential) operational accuracy of face
matching systems, but to improve our understanding of the factors underpinning expertise
in person identification.
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EXAMPLES OF FACE MATCHING SYSTEMS
Shortly after the invention of photography, practitioners began to identify unfamiliar
people by comparing photographs of their face (e.g., Bertillon, 1890). In recent years
however, this task has become increasingly common due to the widespread use of CCTV,
digital imagery and social media in criminal proceedings. In response to these
technological changes, organisations have developed complex face matching systems to
verify identity. Figure 1 illustrates two examples of common unfamiliar face matching
systems used to screen for identity fraud when issuing photo-ID documents (e.g.,
passports, driver’s licences; A) and to identify criminals in forensic investigations (B).
In photo-ID document issuance procedures (Figure 1A), an applicant will typically
submit an application in person to a facial reviewer, who will then conduct an initial
identity check by comparing their appearance to the photograph provided in the
application. The application photograph will then be used by a facial recognition
algorithm to query a database containing images of current ID document holders. The
software returns an array of face images that are most similar to the application photo, as
determined by the algorithm. To ensure the application is genuine, a facial reviewer must
inspect this array to check that the applicant does not appear amongst the returned faces
(see Figure 2B). In cases where the person does appear in the array, this can indicate a
fraudulent application, and so the reviewer may refer the case to a specialist team of
facial examiners who then conduct a detailed examination of the images.
Similar face matching processes now underpin forensic investigations in many police
jurisdictions (Figure 1B; see also Maurer, 2016). For example, in some systems an
investigator can submit facial imagery to a centralised service, who then use facial
recognition software to search for highly similar identities in national databases of
mugshot and driver’s licence photos (see perceptuallineup.com; Maurer, 2016). A facial
reviewer then inspects the identities returned by the algorithm and sends potential
matches to the investigator. If the investigator suspects a matching identity has been
found, they may refer the case to a specialist team of facial examiners to make a formal
identity judgment. In cases where this evidence leads to criminal charges, a facial
examiner may prepare a forensic report describing the identification process for
courtroom proceedings.
The success of face matching systems like these relies on the accuracy of multiple
decisions made by humans and computers. Recent research has made significant progress
in examining the performance of individual parts of these systems: for example, facial
reviewers (White, Dunn, et al., 2015; White, Kemp, Jenkins, Matheson, et al., 2014;
White, Phillips, Hahn, Hill, & O'Toole, 2015), facial examiners (Norell et al., 2015;
Towler, White, & Kemp, 2017; White, Dunn, et al., 2015; White, Phillips, et al., 2015),
and the facial recognition algorithms staff use in their daily work (Grother & Ngan, 2014;
Maurer, 2016). As a result, we have a relatively good understanding of how these
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components function in isolation, but it is still unclear how well these applied face
matching systems function as a whole.

Figure 1. Example face matching systems used to screen for identity fraud when issuing photo-ID
documents (A) and identify criminals in forensic investigations (B). Each system processes a photo of
the identity document applicant or CCTV image of the offender and outputs a formal identity decision.
See text for details. The figure ‘Applied face matching systems’ by Alice Towler is available at
https://doi.org/10.6084/m9.figshare.4707052.v2 under a Creative Commons Attribution 2.0 licence
(CC-BY 2.0).

A field study conducted by the United States Government Accountability Office
(Kutz, 2010) provides the only whole-of-system test of unfamiliar face matching
performance. Experimenters applied for seven passports using counterfeit documents and
information from fictitious or deceased people. Only two of the seven fraudulent
applications were detected and refused. This study revealed significant flaws in the
passport issuance system, including that facial recognition software was available to
analysts during application screening procedures but was not routinely used. Therefore,
although the evidence is limited, there appears to be significant scope for improving the
face matching accuracy of these systems.
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HUMAN FACE MATCHING PERFORMANCE IN APPLIED SETTINGS
Researchers first tested human performance on unfamiliar face matching tasks in the
1990s. In early work, Kemp et al. (1997) tested the accuracy of supermarket cashiers in
verifying the identity of shoppers from photo-ID documents. To the researchers’ surprise,
error rates were over 50%. Subsequent work using computerised lab-based procedures
also found substantial error rates on these tasks, despite constructing tests that afforded
participants optimal conditions for matching. For example, Bruce et al. (1999)
constructed a one-to-many array task (see Figure 2A) using photos taken with high
quality cameras on the same day and in good lighting. Despite these favourable
conditions, participants still made 30% errors (see also Bruce et al., 2001; Burton, White,
& McNeill, 2010).

Figure 2. Examples of one-to-many face matching tasks showing the similarity between lab-based tasks
devised in early studies (A; Bruce et al., 1999) and the tasks faced by users of facial recognition
software (B; White, Dunn, et al., 2015). In both tasks, participants must decide if the target person
pictured above the array is also pictured in the array, and if so to decide which image matches the
target. For answers please see the Acknowledgments section at the end of this chapter.

Importantly, optimal conditions are rarely encountered in applied identification tasks.
Comparison images may be captured days, months or even years apart (Bahrick, Bahrick,
& Wittlinger, 1975; Bruck, Cavanagh, & Ceci, 1991; Davis & Valentine, 2009; Megreya,
Sandford, & Burton, 2013), and decisions may be made under significant time pressure
(Bindemann, Fysh, Cross, & Watts, 2016; Wirth & Carbon, in press) and alongside
additional biographical information checks (McCaffery & Burton, 2016). Images in
forensic investigations are particularly challenging because they are usually captured in
unconstrained conditions, such as on low-resolution security cameras and under poor
lighting. All of these factors have been shown to impair unfamiliar face matching
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accuracy (see Hancock, Bruce, & Burton, 2000). This evidence converges on the rather
unsettling conclusion that human identification decisions are likely to be particularly
error-prone in applied settings, precisely where we need them to be most accurate.
Some studies of professional populations also show high rates of error. White, Kemp,
Jenkins, Matheson, et al. (2014) found that Australian passport issuance officers, some of
whom had been working in the role for more than 20 years, fared no better on a test of
face matching than a control group of inexperienced and untrained students. More
recently, White, Dunn, et al. (2015) tested passport officers using the same one-to-many
face matching task they perform in their daily work (Figure 2B), finding that these
experienced passport officers made errors on around half of all trials.
Although this research points to high levels of error in operational environments, it is
important to note that studies frequently report large individual differences in matching
ability, including those of professional groups (see Figure 3; White, Dunn, et al., 2015;
White, Kemp, Jenkins, Matheson, et al., 2014). Some people perform no better than
chance whereas others perform with near perfect accuracy (e.g., Duchaine & Nakayama,
2006; Russell, Duchaine, & Nakayama, 2009). Recently, it has become clear that
differences in face identification ability are stable across repeated testing, and have a
large hereditary component (e.g., Shakeshaft & Plomin, 2015; Wilmer et al., 2010).

Figure 3. Individual differences in accuracy of passport officers in two tests of face matching ability.
Some individuals perform very well, while others perform very poorly. Further, accuracy is unrelated to
experience (B; White, Dunn, et al., 2015; A: White, Kemp, Jenkins, Matheson, et al., 2014).

Together, this evidence suggests that deliberately recruiting highly skilled individuals
for specialist face identification roles can help protect matching systems against poor
human accuracy observed in applied settings (Bobak, Dowsett, & Bate, 2016; White,
Kemp, Jenkins, Matheson, et al., 2014). Indeed, some organisations have already adopted
this approach, and tests suggest these groups are more accurate than control participants
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on face matching tests (e.g., Metropolitan Police and the Australian Passport Office; see
Robertson, Noyes, Dowsett, Jenkins, & Burton, 2016; White, Dunn, et al., 2015 for
details). These recent changes should be encouraging to researchers studying face
identification, as they stand as clear evidence that current research is influencing policy
and practice in real-world operational settings.

VARIETIES OF EXPERTISE IN FACE IDENTIFICATION
Selection of specialist staff based on accuracy scores in face identification tests is a
relatively new development in applied settings. Nevertheless, facial identification staff
have been making identification decisions for many years. One important specialist
cohort are forensic facial examiners, who are highly trained and have extensive
experience conducting facial comparisons and preparing forensic reports for court. White,
Phillips, et al. (2015) tested face matching performance in a group of internationally
recognised facial examiners who regularly perform facial comparisons as part of their
daily work. They found that the examiners consistently outperformed control subjects
across three challenging identification tasks (see also Norell et al., 2015).
Overall however, research paints a rather inconsistent picture of error rates in
professional populations. Some professional groups perform no better than untrained
students (White, Dunn, et al., 2015; White, Kemp, Jenkins, Matheson, et al., 2014), while
others appear to have superior abilities (Davis, Lander, Evans, & Jansari, 2016;
Robertson et al., 2016; Towler et al., 2017; White, Dunn, et al., 2015; White, Phillips, et
al., 2015; Wirth & Carbon, in press). It is beyond the scope of the present article to
provide an overarching account of these findings (but see Noyes, Phillips & O’Toole, this
volume). Nevertheless, it is important to note that the different populations in these
studies differ in terms of experience, training and recruitment.
Their roles are also quite different. For example, the facial identification staff tested
by White, Dunn, et al. (2015) were divided into two distinct groups: facial reviewers and
facial examiners (also, see Figure 1). This terminology originates in industry training
proficiency guidelines (Facial Identification Scientific Working Group, 2011), and
reflects a distinct separation of duties within applied face matching systems. Facial
reviewers perform high volumes of quick, intuitive identification decisions (White, Dunn,
et al., 2015; White, Kemp, Jenkins, Matheson, et al., 2014). By comparison, facial
examiners conduct laborious, detail-driven examinations (e.g., in specialist units), and as
a result tend to make far fewer decisions over much longer periods of time (Towler et al.,
2017; White, Dunn, et al., 2015; White, Kemp, Jenkins, Matheson, et al., 2014; White,
Phillips, et al., 2015).
Given the different job descriptions of facial reviewers and examiners, these roles
may also require different recruitment procedures. This will be an especially important
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consideration if reviewer and examiner roles turn out to require different cognitive skills.
Indeed, evidence suggests that forensic examiners may approach face matching tasks
differently to those that have naturally high levels of accuracy. Specifically, forensic
examiners’ expertise appears to rely on an analytic, feature-based approach to
comparison (Towler et al., 2017; White, Phillips, et al., 2015). This is qualitatively
different to the enhanced holistic processing underpinning accurate face identification in
the population at large (Bobak, Bennetts, Parris, Jansari, & Bate, 2016; Russell et al.,
2009), perhaps pointing to separable routes to accurate face matching.
Novices also demonstrate considerable diversity in matching strategies. Many studies
report a dissociation between match and non-match trial accuracy, whereby some people
are very good at detecting matching identities but not good at detecting non-matching
identities, and vice versa (e.g., Megreya & Burton, 2006; Megreya & Burton, 2007;
Towler et al., 2017; White, Burton, Jenkins, & Kemp, 2014). Other work shows large
individual differences in eye movement patterns to faces (Arizpe, Walsh, Yovel, &
Baker, in press), even amongst those with naturally superior ability (Bobak, Parris,
Gregory, Bennetts, & Bate, 2016).
Thus, it appears different sets of cognitive strategies can give rise to the same high
levels of performance. Interestingly, this heterogeneity in cognitive profiles is also
observed at the opposite end of the ability spectrum – in people with Developmental
Prosopagnosia, who have specific difficulties in identifying faces (e.g., Dalrymple,
Garrido, & Duchaine, 2014; White, Rivolta, Burton, Al-Janabi, & Palermo, 2017). These
observations have important implications for optimising the design of face matching
systems. For instance, it may not be enough to select individuals purely on the basis of
quantitative measures of test performance. Instead, assignment of individuals to expert
teams and expert roles may require a more detailed, qualitative understanding of the
perceptual and cognitive abilities of potential recruits. Critically, their abilities should be
matched to the task they perform. For example, it may be important to assign some
people to tasks that involve very quick decisions and others to tasks that require slower
and more deliberative decisions.
Later in the chapter we return to how integrating diversity into system design might
improve overall system accuracy. First, we consider the related question of how systems
might balance the different strengths of humans and machines to improve overall system
performance.

HUMANS USING COMPUTERS
Forensic analysts have a long history of using digital technology to assist face
identification decisions (see Gibelli et al., 2016 for a review of forensic comparison
methods). For example, some digital tools automatically generate facial measurements
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(Bulut & Sevim, 2013; Halberstein, 2001; Ventura, Zacheo, & Pala, 2004), and others
facilitate image superimposition (Stavrianos et al., 2012; Vanezis & Brierley, 1996).
However, many of these methods show poor validity and reliability in empirical tests,
and can actually impair identification accuracy (e.g., Davis, Valentine, & Davis, 2010;
Kleinberg, Vanezis, & Burton, 2007; Moreton & Morely, 2011; Strathie & McNeill,
2016; Strathie, McNeill, & White, 2012). This stands as an important reminder that as
modern artificial intelligence technologies bring further opportunities to assist forensic
practice, they should only be adopted once their value has been empirically verified.
The most dramatic technology-led change in face matching systems over recent years
has been the introduction of facial recognition algorithms. The accuracy of these
algorithms has improved substantially in recent years, and so their utility in applied
settings is now unquestioned. Indeed, the best algorithms now outperform novice humans
in all but the most challenging conditions (O'Toole, An, Dunlop, & Natu, 2012; Phillips
et al., 2011).
One of the key strengths of facial recognition algorithms is their ability to search
databases containing millions of images very quickly, and return the most similar images
to a human operator (see Figure 1). Although this expands the capability of face matching
systems far beyond what was previously possible, integrating human and computer
decision-making in this way may also lead to new sources of identification errors.
Demonstrating this, White, Dunn, et al. (2015) tested Australian passport issuance
officers using precisely the same facial recognition system used to screen for identity
fraud in their daily work. As is typical in these systems, the passport officers checked the
output of an algorithm’s database search to confirm that the applicant was not present in
an array of eight possible matches (see Figure 1A and Figure 2B). On this difficult realworld task using real passport images, passport officers made errors on 50% of trials:
considerably higher than the 20-30% errors typically observed in lab-based one-to-many
tasks (e.g., Bruce et al., 1999). It is likely that this difference was at least partly due to
non-matching faces in these arrays being selected from a very large national database, on
the basis of their similarity to the probe image. The introduction of facial recognition
algorithms may therefore increase the burden on humans to perform face matching tasks;
both in terms of the volume and difficulty of the decisions being made (see also Graves et
al., 2011).
Can matching systems be designed to combine human and computer decision-making
more effectively? One possibility is to exploit the fact that algorithms and humans rely on
different information to determine identity (O'Toole, Abdi, Jiang, & Phillips, 2007), and
find different decisions challenging (O'Toole et al., 2012). For example, Rice, Phillips,
Natu, An, and O'Toole (2013) showed that humans performed well above chance on a
one-to-one matching task in which algorithms scored 100% incorrect. In this study,
humans were able to find identifying information in the external facial features and other
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body information that were inaccessible to the algorithms used in the study (see also
Kumar, Berg, Belhumeur, & Nayar, 2009).
The accuracy of human-computer decisions can be strengthened by exploiting this
diversity in matching strategy through a process known as fusion. Fusion computationally
aggregates independent judgments of humans and computers to form a single
identification decision. O'Toole et al. (2007) showed that fusing human and algorithm
face similarity ratings resulted in almost perfect discrimination on a challenging one-toone matching task. This approach exploits the disparate strategies of humans and
computers so that the strengths of one can help counteract the weaknesses of the other.
Implementing fusion in applied settings could therefore go some way to alleviating the
unacceptably high error-rate of current human-computer decision-making.
Another potential method for improving human-computer decision-making is to fuse
similarity ratings at the level of individual features (i.e., 'feature-level fusion': see Ross &
Govindarajan, 2005). For example, recent work by computer scientists has examined the
extent to which algorithm-based comparison of individual facial features can be used to
support forensic decision-making (e.g., Tome, Vera-Rodriguez, Fierrez, & OrtegaGarcia, 2015; Zeinstra, Veldhuis, & Spreeuwers, 2016). Parallel work has also examined
the extent to which human ratings of feature similarity, made by novices and facial
examiners, provide a reliable basis for identification decisions (Towler et al., 2017). Both
of these feature-based approaches have helped to establish the discriminative value of
individual facial features in face matching decisions (converging on the somewhat
surprising result that ears are particularly useful for identification). In future work, it may
be possible to combine human and algorithm feature-to-feature similarity judgments to
improve face matching accuracy, perhaps by using automated annotation to support
human decision-making (see Jain, Klare, & Park, 2012).

HUMANS WORKING TOGETHER
In many applied settings, face matching decisions are made by groups of individuals,
either in sequence or in collaboration with one another. However, little is known about
the accuracy of these group decisions. One way to estimate group performance is to use
the fusion approach, as described in the previous section, to aggregate responses of
people to form nominal groups.
We have used this approach in previous work to estimate the accuracy of both
novices and facial examiners working in groups (see Figure 4; Towler et al., 2017; White,
Burton, Kemp, & Jenkins, 2013; White, Phillips, et al., 2015). As can be seen in Figure 4,
group performance increases as the responses of more individuals are aggregated. These
‘wisdom of the crowd’ effects (see Galton, 1907; Kerr & Tindale, 2004; Surowiecki,
2004) are even more impressive when forensic examiners’ decisions are aggregated. Both
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White, Phillips, et al. (2015) and Towler et al. (2017) show near ceiling performance by
combining decisions of just 3 or 4 expert forensic examiners (see Figure 4B and 4C).
This empirical work indicates that when a few experts are each given the same case, and
work on this case independently, their aggregate response is likely to be highly accurate.

Figure 4. ‘Wisdom of the crowd’ effects in unfamiliar face matching. Pairwise same/different face
matching accuracy is improved by aggregating independent judgements from multiple people. Panel A
shows large gains on the Glasgow Face Matching Test (see Burton et al., 2010) by grouping just 8
people (White et al., 2013). Panel B shows similar benefits when grouping decisions by facial
examiners, control subjects and untrained students on a challenging test using images captured under
unconstrained environmental conditions (White, Phillips, et al., 2015). The thick dark line in Panel C
shows almost perfect discrimination for groups of two or more facial examiners in a more recent study
(Towler et al., 2017).
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This research also points to a rather straightforward method of improving the
accuracy of identification decisions made in applied settings. In many face matching
systems, decisions are distributed across networks of individual users based in different
physical locations. Simply aggregating the independent responses of these multiple users
would likely result in significant improvements to identification accuracy.
However, in some applied situations, staff work together rather than independently to
reach joint decisions. Fusion approaches do not adequately model this situation and so
perhaps do not provide an indication of the accuracy of these group decisions. An elegant
study by Dowsett and Burton (2014) addresses this question. Participants completed three
face matching tests in which they decided if pairs of images showed the same person or
different people. In the first test, participants worked individually. In the second test,
these participants worked in pairs and collaborated to reach a joint decision. These joint
decisions were more accurate than those made in the individual phase and in some cases
exceeded performance of the highest performing group member. This finding indicates
that collaborative decisions made by teams of analysts in applied settings are likely to be
more accurate than if single analysts made the identification decision on their own.
After the collaborative test, Dowsett and Burton again tested participants
individually. Importantly, the benefit of paired decision-making carried over into this
individual test, with the lower-performing member of each pair showing a significant
improvement in this phase relative to the first individual test. The implication of this
finding is that people with poor ability may learn successful strategies from those with
higher levels of ability. This may be particularly relevant to organisations that currently
employ groups of high performing face matchers (i.e., 'super-recognisers': see Davis et
al., 2016; Robertson et al., 2016; White, Dunn, et al., 2015), suggesting that recruitment
of high performers can provide benefits to performance of existing staff.

TUNING THE SYSTEM
How can we improve the accuracy of real-world face matching systems? As
discussed, current scientific knowledge shows that the largest gains are achieved through
recruitment of high performers. Another very promising solution is to aggregate the face
matching decisions of multiple individuals. We have recommended elsewhere that these
approaches should be the first steps to improving performance in face matching systems
(White et al., 2013; White, Kemp, Jenkins, Matheson, et al., 2014).
Nevertheless, it is also important to consider whether other changes can improve their
reliability further. One promising avenue is to make best use of available imagery, by
showing multiple images of a target identity to facial comparison staff where possible
(Bindemann & Sandford, 2011; White, Burton, Jenkins, & Kemp, 2014; Ritchie &
Burton, 2017). Another widely-adopted strategy is to train staff to use a feature-based
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approach to image comparison. Studies suggest that this can lead to increases in accuracy
(e.g., Towler, White, & Kemp, 2017), insofar as participants allocate attention to features
that reliably signal identity (Towler, White, & Kemp, 2014).
As described in the previous section, system accuracy could also be improved by
exploiting the diverse strengths of trained examiners, computers and novices, as diversity
in matching strategies appears to generate large benefits in group performance (Hong &
Page, 2004; O'Toole et al., 2007). Future research should examine whether recruitment
and training of staff can help facilitate optimal combinations of diverse expert strategies.
Compared to recruitment of high performers and response aggregation however, the gains
from these methods are likely to be more nuanced, and are therefore well suited to
‘tuning’ face matching systems.
In designing optimal systems, it is also important to anticipate changes associated
with assigning face matching experts to teams. If current trends continue, it is quite likely
that many organisations will deploy specialist teams whose daily work will consist almost
entirely of face identification decisions. However, research shows that university
students’ accuracy steadily declines when they perform face matching tasks for an
extended period of time (Alenezi, Bindemann, Fysh, & Johnston, 2015).
One way to counter this is to provide feedback on decision accuracy. Feedback is
critical for learning across a range of domains (see Hattie & Timperley, 2007), and has
been shown to benefit face matching performance (White, Kemp, Jenkins, & Burton,
2014). Critically, feedback may help maintain vigilance on face matching tasks. Alenezi
and Bindemann (2013) found that the provision of feedback maintained accuracy levels,
preventing a decline observed when feedback was not provided. In many applied settings,
it may prove difficult to provide accurate feedback on casework because ground truth in
operational scenarios is typically unknown. Nevertheless, it may be possible to introduce
feedback into these systems by using verified images that are already stored in the
system. For example, a previous passport photo of the applicant could be inserted into the
face array reviewed by a passport issuance officer (see Figure 2B). The system could then
provide the officer with immediate feedback on the accuracy of their decision.
A further challenge in real-world settings is that staff rarely encounter critical cases.
For example, identity fraud is estimated to occur in only 0.25% of passport applications
(BBC, 2007). However, research indicates that rare targets are extremely difficult to
detect and are often missed (Wolfe, Horowitz, & Kenner, 2005). Papesh and Goldinger
(2014) investigated target prevalence effects in a face matching task by presenting nonmatching identities on 10% or 50% of trials. They found that participants were twice as
likely to miss the non-matching identities in the low prevalence condition compared to
the high prevalence condition, making almost 50% errors (cf. Bindemann, Avetisyan, &
Blackwell, 2010). Considering that the prevalence rate of critical cases in applied settings
is estimated to be much lower than the 10% used in this study, low target prevalence is
likely to be a significant source of error in applied face matching tasks.
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In addition to maintaining vigilance, feedback could also help counteract these low
target prevalence effects. In a visual search task, Wolfe et al. (2007) demonstrated that
short bursts of feedback training on high prevalence trials protected against a drop in
detection on subsequent low prevalence tests where no feedback was provided. A similar
approach, where casework is interleaved with short sessions of high prevalence feedback
training, using cases for which the ground truth is known by system administrators, may
minimise the low target prevalence effects observed in applied face matching tasks (see
Papesh & Goldinger, 2014).
Finally, it will be important to consider the broader workflow of human analysts in
future research. Should identity checks be separated from other tasks, such as
authentication of signatures and birthdates? Indeed, research suggests that cues to fraud
in biographical information are often missed when checked alongside identity (Kutz,
2010; McCaffery & Burton, 2016). Balancing the optimal distribution of work amongst
human analysts will be an important challenge for researchers and practitioners in this
area, and is a particularly relevant question given the move towards creating specialist
teams of face matchers.

CONCLUSION
Face matching systems that incorporate human and computer decision-making are
used to verify the identity of unknown people in a variety of applied settings. In this
chapter, we have focussed on face matching systems used to screen photo-ID document
applications for identity fraud, and those used to support forensic investigations.
However, similar systems are used in many other defence, security and surveillance
operations.
A significant amount of work has investigated the accuracy of individual components
of these systems. However, because whole-of-system evaluation studies are not available,
the accuracy of face identification processes, in general, is unknown. Evidence does show
that facial recognition software commonly integrated into these systems is relatively
accurate, at least for high quality imagery. Critically however, the software itself does not
make the final decision. Rather, humans are required to review the output of algorithms
and make final identity judgments. Current evidence shows that human analysts are
surprisingly error-prone on these tasks, including those with extensive experience
working within these systems.
Based on the studies reviewed in this chapter, we conclude that the application of
psychological research can lead to substantial improvements in face matching systems.
Future research should consider the complex interactions between decision-makers in
face matching systems, and seek to distribute decision-making in a way that optimises
both system accuracy and efficiency. Achieving this aim will require collaboration
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between psychologists, computer scientists and system administrators. Unreliable face
matching systems pose substantial risks: potentially leading to the issuance of fraudulent
identity documents, or wrongful convictions of innocent people. Therefore, we hope that
a system-level approach to this problem will help to promote safer and fairer societies in
the future.

ACKNOWLEDGMENTS
Preparation of this chapter was supported by Australian Research Council Linkage
Project grants to RK and DW in partnership with the Australian Passport Office
(LP130100702, LP160101523). The answers to face matching arrays in Figure 2 are: A =
target number 3; B = target absent.

REFERENCES
Alenezi, H. M., & Bindemann, M. (2013). The effect of feedback on face-matching
accuracy. Applied Cognitive Psychology, 27, 735-753.
Alenezi, H. M., Bindemann, M., Fysh, M. C., & Johnston, R. A. (2015). Face matching in
a long task: Enforced rest and desk-switching cannot maintain identification
accuracy. PeerJ, 3, e1184.
Arizpe, J., Walsh, V., Yovel, G., & Baker, C. I. (in press). The categories, frequencies,
and stability of idiosyncratic eye-movement patterns to faces. Vision Research.
Bahrick, H. P., Bahrick, P. O., & Wittlinger, R. P. (1975). Fifty years of memory for
names and faces: A cross-sectional approach. Journal of Experimental Psychology:
General, 104, 54-75.
BBC.
(2007).
10,000
passports
go
to
fraudsters.
Retrieved
from
http://news.bbc.co.uk/1/hi/uk_politics/6470179.stm.
Bertillon, A. (1890). La photographie judiciaire avec un appendice sur la classification
et l’identification anthropométrique. Bibliothèque photographique. Gauthier-Villars
et fils: Paris.
Bindemann, M., Avetisyan, M., & Blackwell, K. (2010). Finding needles in haystacks:
Identity mismatch frequency and facial identity verification. Journal of Experimental
Psychology: Applied, 16, 378-386.
Bindemann, M., Fysh, M., Cross, K., & Watts, R. (2016). Matching faces against the
clock. i-Perception, 7, 2041669516672219.
Bindemann, M., & Sandford, A. (2011). Me, myself, and I: Different recognition rates for
three photo-IDs of the same person. Perception, 40, 625-627.

Complimentary Contributor Copy

36

Alice Towler, Richard I. Kemp and David White

Bobak, A. K., Bennetts, R. J., Parris, B. A., Jansari, A., & Bate, S. (2016). An in-depth
cognitive examination of individuals with superior face recognition skills. Cortex, 82,
48-62.
Bobak, A. K., Dowsett, A. J., & Bate, S. (2016). Solving the border control problem:
Evidence of enhanced face matching in individuals with extraordinary face
recognition skills. PLoS ONE, 11, 1-13.
Bobak, A. K., Parris, B. A., Gregory, N. J., Bennetts, R. J., & Bate, S. (2016). Eyemovement strategies in developmental prosopagnosia and “super” face recognition.
Quarterly Journal of Experimental Psychology, 70, 201-217.
Bruce, V., Henderson, Z., Greenwood, K., Hancock, P. J. B., Burton, A. M., & Miller, P.
(1999). Verification of face identities from images captured on video. Journal of
Experimental Psychology: Applied, 5, 339-360.
Bruce, V., Henderson, Z., Newman, C., & Burton, A. M. (2001). Matching identities of
familiar and unfamiliar faces caught on CCTV images. Journal of Experimental
Psychology: Applied, 7, 207-218.
Bruce, V., & Young, A. W. (2012). Face Perception. Hove: Taylor and Francis Ltd.
Bruck, M., Cavanagh, P., & Ceci, S. J. (1991). Fortysomething: Recognizing faces at
one's 25th reunion. Memory and Cognition, 19, 221-228.
Bulut, Ö., & Sevim, A. (2013). The efficiency of anthropological examinations in
forensic facial analysis. Turkish Journal of Police Studies, 15, 139-158.
Burton, A. M., White, D., & McNeill, A. (2010). The Glasgow Face Matching Test.
Behavior Research Methods, 42, 286-291.
Burton, A. M., Wilson, S., Cowan, M., & Bruce, V. (1999). Face recognition in poorquality video: Evidence from security surveillance. Psychological Science, 10, 243248.
Calder, A. J., Rhodes, G., Johnson, M. H., & Haxby, J. V. (Eds.). (2011). The Oxford
Handbook of Face Perception. Oxford: Oxford University Press.
Dalrymple, K. A., Garrido, L., & Duchaine, B. (2014). Dissociation between face
perception and face memory in adults, but not children, with developmental
prosopagnosia. Developmental Cognitive Neuroscience, 10, 10-20.
Davis, J. P., Lander, K., Evans, R., & Jansari, A. (2016). Investigating predictors of
superior face recognition ability in police super-recognisers. Applied Cognitive
Psychology, 30, 827-840.
Davis, J. P., & Valentine, T. (2009). CCTV on trial: Matching video images with the
defendant in the dock. Applied Cognitive Psychology, 23, 482-505.
Davis, J. P., Valentine, T., & Davis, R. E. (2010). Computer assisted photoanthropometric analyses of full-face and profile facial images. Forensic Science
International, 200, 165-176.

Complimentary Contributor Copy

Unfamiliar Face Matching Systems in Applied Settings

37

Dowsett, A. J., & Burton, A. M. (2014). Unfamiliar face matching: Pairs out-perform
individuals and provide a route to training. British Journal of Psychology, 106, 433445.
Duchaine, B. C., & Nakayama, K. (2006). 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, 576-585.
Facial Identification Scientific Working Group. (2011). Guidelines and recommendations
for facial comparison training to competency (Version 1.1). Retrieved from
https://www.fiswg.org/document/viewDocument?id=22.
Galton, F. (1907). Vox populi. Nature, 75, 450-451.
Gibelli, D., Obertová, Z., Ritz-Timme, S., Gabriel, P., Arent, T., Ratnayake, M., . . .
Cattaneo, C. (2016). The identification of living persons on images: A literature
review. Legal Medicine, 19, 52-60.
Graves, I., Butavicius, M. A., MacLeod, V., Heyer, R., Parsons, K., Kuester, N., . . .
Johnson, R. (2011). The role of the human operator in image-based airport security
technologies. Studies in Computational Intelligence, 338, 147-181.
Grother, P., & Ngan, M. (2014). Face Recognition Vendor Test (FRVT). Retrieved from
Information Access Division, National Institute of Standards and Technology.
Halberstein, R. A. (2001). The application of anthropometric indices in forensic
photography: three case studies. Journal of Forensic Sciences, 46, 1438-1441.
Hancock, P. J., Bruce, V., & Burton, A. M. (2000). Recognition of unfamiliar faces.
Trends in Cognitive Sciences, 4, 330-337.
Hattie, J., & Timperley, H. (2007). The power of feedback. Review of Educational
Research, 77, 81-112.
Hole, G. J., & Bourne, V. (2010). Face Processing: Psychological, Neuropsychological,
and Applied Perspectives. Oxford: Oxford University Press.
Hong, L., & Page, S. E. (2004). Groups of diverse problem solvers can outperform
groups of high-ability problem solvers. Proceedings of the National Academy of
Sciences of the United States of America, 101, 16385-16389.
Jain, A. K., Klare, B., & Park, U. (2012). Face matching and retrieval in forensics
applications. IEEE MultiMedia, 19, 20-28.
Kemp, R. I., Towell, N. A., & Pike, G. E. (1997). When seeing should not be believing:
Photographs, credit cards and fraud. Applied Cognitive Psychology, 11, 211-222.
Kerr, N. L., & Tindale, R. S. (2004). Group performance and decision making. Annual
Review of Psychology, 55, 623-655.
Kleinberg, K. F., Vanezis, P., & Burton, A. M. (2007). Failure of anthropometry as a
facial identification technique using high-quality photographs. Journal of Forensic
Sciences, 52, 779-783.

Complimentary Contributor Copy

38

Alice Towler, Richard I. Kemp and David White

Kumar, N., Berg, A. C., Belhumeur, P. N., & Nayar, S. K. (2009). Attribute and simile
classifiers for face verification. Paper presented at the IEEE 12th international
conference on computer vision.
Kutz, G. (2010). Undercover tests show passport issuance process remains vulnerable to
fraud. Testimony before the Subcommittee on Terrorism and Homeland Security,
Committee on the Judiciary, U.S. Senate.
Maurer, D. C. (2016). Face recognition technology: FBI should better ensure privacy
and accuracy. Report to the ranking member, subcommittee on privacy, technology
and the law, committee on the judiciary, U.S. Senate.
McCaffery, J. M., & Burton, A. M. (2016). Passport checks: Interactions between
matching faces and biographical details. Applied Cognitive Psychology, 30, 925-933.
Megreya, A. M., & Burton, A. M. (2006). Unfamiliar faces are not faces: Evidence from
a matching task. Memory and Cognition, 34, 865-876.
Megreya, A. M., & Burton, A. M. (2007). Hits and false positives in face matching: A
familiarity-based dissociation. Perception and Psychophysics, 69, 1175-1184.
Megreya, A. M., Sandford, A., & Burton, A. M. (2013). Matching face images taken on
the same day or months apart: The limitations of photo ID. Applied Cognitive
Psychology, 27, 700-706.
Moreton, R., & Morely, J. (2011). Investigation into the use of photoanthropometry in
facial image comparison. Forensic Science International, 212, 231-237.
Norell, K., Brorsson Lathen, K., Bergstrom, P., Rice, A., Natu, V., & O'Toole, A. J.
(2015). The effect of image quality and forensic expertise in facial image
comparisons. Journal of Forensic Sciences, 60, 331-340.
O'Toole, A. J., Abdi, H., Jiang, F., & Phillips, P. J. (2007). Fusing face-verification
algorithms and humans. IEEE Transactions on Systems, Man, and Cybernetics, Part
B: Cybernetics, 37, 1149-1155.
O'Toole, A. J., An, X., Dunlop, J., & Natu, V. (2012). Comparing face recognition
algorithms to humans on challenging tasks. ACM Transactions on Applied
Perception, 1-15.
Papesh, M. H., & Goldinger, S. D. (2014). Infrequent identity mismatches are frequently
undetected. Attention, Perception, and Psychophysics, 76, 1335-1349.
Phillips, P. J., Beveridge, J. R., Draper, B. A., Givens, G., O'Toole, A. J., Bolme, D. S., . .
. Weimer, S. (2011). An introduction to the good, the bad, & the ugly face
recognition challenge problem. Paper presented at the IEEE international conference
on automatic face and gesture recognition.
Rice, A., Phillips, P. J., Natu, V., An, X., & O'Toole, A. J. (2013). Unaware person
recognition from the body when face identification fails. Psychological Science, 24,
2235-2243.
Ritchie, K. L., & Burton, A. M. (2017). Learning faces from variability. Quarterly
Journal of Experimental Psychology, 70, 897-905.

Complimentary Contributor Copy

Unfamiliar Face Matching Systems in Applied Settings

39

Robertson, D. J., Noyes, E., Dowsett, A. J., Jenkins, R., & Burton, A. M. (2016). Face
recognition by metropolitan police super-recognisers. PLoS ONE, 11(2), e0150036.
Ross, A. A., & Govindarajan, R. (2005). Feature level fusion of hand and face biometrics.
Defense and Security (pp. 196-204): International Society for Optics and Photonics.
Russell, R., Duchaine, B., & Nakayama, K. (2009). Super-recognizers: People with
extraordinary face recognition ability. Psychonomic Bulletin and Review, 16, 252257.
Shakeshaft, N. G., & Plomin, R. (2015). Genetic specificity of face recognition.
Proceedings of the National Academy of Sciences, 112, 12887-12892.
Stavrianos, C., Zouloumis, L., Papadopoulos, C., Emmanouil, J., Petalotis, N., &
Tsakmalis, P. (2012). Facial mapping: Review of current methods. Research Journal
of Medical Sciences, 6, 77-82.
Strathie, A., & McNeill, A. (2016). Facial wipes don't wash: Facial image comparison by
video superimposition reduces the accuracy of face matching decisions. Applied
Cognitive Psychology, 30, 504-513.
Strathie, A., McNeill, A., & White, D. (2012). In the dock: Chimeric image composites
reduce identification accuracy. Applied Cognitive Psychology, 26, 140-148.
Surowiecki, J. (2004). The wisdom of crowds: Why the many are smarter than the few.
New York: Little Brown.
Tome, P., Vera-Rodriguez, R., Fierrez, J., & Ortega-Garcia, J. (2015). Facial soft
biometric features for forensic face recognition. Forensic Science International, 257,
271-284.
Towler, A., White, D., & Kemp, R. I. (2014). Evaluating training methods for facial
image comparison: The face shape strategy does not work. Perception, 43, 214-218.
Towler, A., White, D., & Kemp, R. I. (2017). Evaluating the feature comparison strategy
for forensic face identification. Journal of Experimental Psychology: Applied, 23, 4758.
Vanezis, P., & Brierley, C. (1996). Facial image comparison of crime suspects using
video superimposition. Science & Justice, 36, 27-33.
Ventura, F., Zacheo, A. V., A., & Pala, A. (2004). Computerised anthopomorphometric
analysis of images: A case report. Forensic Science International, 146, S211-S213.
White, D., Burton, A. M., Jenkins, R., & Kemp, R. I. (2014). Redesigning photo-ID to
improve unfamiliar face matching performance. Journal of Experimental
Psychology: Applied, 20, 166-173.
White, D., Burton, A. M., Kemp, R. I., & Jenkins, R. (2013). Crowd effects in unfamiliar
face matching. Applied Cognitive Psychology, 27, 769-777.
White, D., Dunn, J. D., Schmid, A. C., & Kemp, R. I. (2015). Error rates in users of
automatic face recognition software. PLoS ONE, 10, 1-14.
White, D., Kemp, R. I., Jenkins, R., & Burton, A. M. (2014). Feedback training for facial
image comparison. Psychonomic Bulletin and Review, 21, 100-106.

Complimentary Contributor Copy

40

Alice Towler, Richard I. Kemp and David White

White, D., Kemp, R. I., Jenkins, R., Matheson, M., & Burton, A. M. (2014). Passport
officers' errors in face matching. PLoS ONE, 9, 1-6.
White, D., Phillips, P. J., Hahn, C. A., Hill, M., & O'Toole, A. J. (2015). Perceptual
expertise in forensic facial image comparison. Proceedings of the Royal Society of
London B: Biological Sciences, 282, 1814-1822.
White, D., Rivolta, D., Burton, A. M., Al-Janabi, S., & Palermo, R. (2017). Face
matching impairment in developmental prosopagnosia. Quarterly Journal of
Experimental Psychology, 70, 287-297.
Wilmer, J. B., Germine, L., Chabris, C. F., Chatterjee, G., Williams, M., Loken, E., . . .
Duchaine, B. (2010). Human face recognition ability is specific and highly heritable.
Proceedings of the National Academy of Sciences, 107, 5238-5241.
Wirth, B. E., & Carbon, C. C. (in press). An easy game for frauds? Effects of professional
experience and time pressure on passport-matching performance. Journal of
Experimental Psychology: Applied.
Wolfe, J. M., Horowitz, T. S., & Kenner, N. M. (2005). Rare items often missed in visual
searches. Nature, 435, 439-440.
Wolfe, J. M., Horowitz, T. S., Van Wert, M. J., Kenner, N. M., Place, S. S., & Kibbi, N.
(2007). Low target prevalence is a stubborn source of errors in visual search tasks.
Journal of Experimental Psychology: General, 136, 623-638.
Zeinstra, C., Veldhuis, R., & Spreeuwers, L. (2016). Discriminating power of FISWG
characteristic descriptors under different forensic use cases. Paper presented at the
2016 international conference of the biometrics special interest group (BIOSIG).

Complimentary Contributor Copy

In: Face Processing
Editors: M. Bindemann and A. M. Megreya

ISBN: 978-1-53612-398-2
© 2017 Nova Science Publishers, Inc.

Chapter 3

HOLISTIC FACIAL COMPOSITE SYSTEMS:
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ABSTRACT
A facial composite is a likeness to a suspect’s face based on an eyewitness’s
memory. Systems for constructing composites previously involved piecing together
individual facial features. However, holistic (whole face), model based, composite
construction has now become the most prevalent method used in the UK, as it more
effectively matches the manner in which humans process faces. Here we describe the
basic mechanism for generating holistic composite images and report on their
effectiveness as a tool for locating suspects. Additional post-construction compositeenhancement methods such as morphing and perceptual stretch are also described. An
accumulating body of empirical and field evidence has demonstrated that correct culprit
identification rates are enhanced, and misidentification risks reduced, by the effective use
of holistic composite systems in combination with post-construction techniques.
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INTRODUCTION
When there is no suspect for a crime, the police may ask an eyewitness to construct a
facial composite of the offender from memory. Composites often provide the only
possibility of solving the case. Early systems regularly produced poor suspect likenesses
that were of little investigatory use. Some may have led to innocent suspect
identifications. Many issues have been overcome with the recent development of systems
such as the electronic facial identification technique series of holistic systems (i.e., EFITV, EFIT6),1 designed to best match human face processing. In conjunction with a variety
of post-construction techniques, the likelihood of correct suspect identification has been
substantially improved.
Police artists were first drawing sketches of suspects from witness’s descriptions in
the 19th century. In the 1970’s the first ‘mechanical’ facial composite systems were
developed (Identikit, Photofit). These required witnesses to assemble facial features
(printed on cards or transparencies) with police assistance. These systems often produced
poor likenesses that rarely assisted police investigations (Kitson, Darnbrough, & Shields,
1978), partly a consequence of limited feature choices (Davies, 1983), and lines
separating the features hindering composite recognition (Ellis, Davies, & Shepherd,
1978).
The first computerised feature-based systems were developed in the 1980’s (e.g., EFIT, FACES, PRO-fit). Functionality varies, with some allowing enhancement via photo
editing software. High suspect-likeness composites are possible, although empirical
research (Frowd, Carson, Ness, et al., 2005) and police trials (e.g., Frowd, Hancock,
Bruce, et al., 2011) have often found that recognition rates of feature-based system
composites are low, partly because these systems weakly match human face processing
mechanisms (for reviews see Davies & Valentine, 2007; Frowd, 2015). These systems
also require witnesses to provide a pre-construction verbal description of the suspect in
order to reduce feature choice to manageable levels. However, witnesses find providing
facial descriptions hard, and often, no individuating vocabulary exists. Moreover,
although construction of, for instance, a feature-based E-FIT is assembled within the
context of a whole face, which can enhance feature recognition (Tanaka & Farah, 1993;
Tanaka & Sengco, 1997), effective face recognition is mainly driven by holistic or whole
face processing and is not feature-by-feature dependent (e.g., Davies, Ellis, & Shepherd,
1978; Tanaka & Farah, 1993).

1

EFIT-V and EFIT6 are trademarks of VisionMetric Ltd, the UK’s leading developer and supplier of facial
composite software. EFIT-V was first licensed to UK police in December 2006. Its successor, EFIT6, was
released in 2016.
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Figure 1. Previously unpublished holistic EFIT composite (EFIT-V) (right) produced from memory of
the actor (left) by a child aged seven-years (see Davis, Thorniley, et al., 2016).

The solution has been the development of the holistic system such as those in the
EFIT series (EigenFIT, EFIT-V, EFIT6; see also EvoFIT: Frowd, this volume; ID:
Tredoux, Nunex, Oxtoby, & Prag, 2006), which require recognition and selection of
whole face images from a series of arrays (see Davis, Maigut, Jolliffe, Gibson, &
Solomon, 2015 for a video depicting EFIT-V construction). Interfaces differ (EFIT-V
arrays contain nine colour images; EvoFIT - 15 in black-and-white), although with all,
featural (e.g., positioning, resizing) and holistic mechanisms (e.g., ageing, healthiness)
allow witness-directed enhancement of individual faces, or to all array faces. Importantly,
the EFIT holistic composite systems require only a basic pre-creation suspect description
(ethnicity, gender, age), assisting witnesses most likely to struggle with vocabulary (e.g.,
children: Davis, Thorniley, Gibson, & Solomon, 2016; see Figure 1; older adults: Davis,
Maigut, Gibson, & Solomon, in preparation).
Construction of holistic EFITs tends to be quicker than those produced using the
older feature-based composite systems (Davis, Gibson, & Solomon, 2014), and when
guided by an experienced operator, holistic EFITs are the equal of, or better likenesses
than feature-based system composites (Davis et al., 2014; Davis, Sulley, Solomon, &
Gibson, 2010). Some are exceptional. The vast majority of UK police forces, and many
worldwide now employ one of the holistic EFIT systems. Their implementation has
increased suspect identification rates. Indeed, the suspect naming rates (40% - 53%) of
over 1,000 EFIT-Vs constructed by West Yorkshire Police from 2008-2011 exceeded
previous feature-based system statistics (Solomon, Gibson, & Maylin, 2012).

TECHNICAL DESCRIPTION OF HOLISTIC FACIAL
COMPOSITE SYSTEMS
Holistic composite systems typically rely upon a principal components analysis
(PCA) model, affording a compact representation of human facial appearance from which
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new examples of face images can be generated. Faces are statistically remarkably similar
in appearance, specifically with respect to the hue of skin colour, shape of facial features,
and the spatial relationships between features. This high degree of similarity, or
correlation, allows the majority of the facial variance, within a set of faces images, to be
represented by a relatively small number of principal components. 2 The first description
of encoding faces using PCA was presented by Sirovich and Kirby (1986), later Turk and
Pentland (1991) introduced the term eigenfaces when referring to principal components
generated from face images. Subsequent work in this area included pre-processing face
images by warping them to the mean face shape. This non-rigid alignment process
improves facial feature registration, thereby reducing image blurring. These shape
normalised images have been called texture maps (Edwards, Taylor, & Cootes, 1998).
In the remainder of this section we provide an overview of the mechanisms by which
faces can be generated and optimised to produce a likeness of a suspect in holistic
composite systems (for detailed descriptions see, Gibson, Solomon, & Bejarano, 2003;
Solomon, Gibson, & Mist, 2013). An appearance model, capable of synthesising realistic
faces, is constructed from a training set of images that are firstly annotated with land
mark points to delineate the facial features. The position coordinates of the land marks
are recorded in a shape vector. The principal components of a training set of all such
vectors (i.e., for all training examples) are then calculated and these model the variation
in face shape contained within the training set. To represent the variation in texture maps,
the training images are first warped to the mean face shape. PCA on these shapenormalised images yields principal components that model the variations in skin tone and
shading.
Correlations between shape and texture also exist (also exploited in shape from
shading work in computer vision), and therefore shape and texture models can be
combined with an additional, third, principal component analysis. We refer to the
resulting principal components as appearance components since they simultaneously
model both shape and texture. Appearance components form the ‘building blocks’ from
which previously unseen facial images can be approximated. This is achieved by firstly
weighting and then adding each of the appearance components, and then working
‘backwards’ to obtain the corresponding shape and texture. Finally, the textures are
warped to the desired shape (see Figure 2 for a schematic representation).
Given that the appearance model has been constructed from a comprehensive sample
of faces, representing the demographic from which a suspect originates, a pictorial
representation of the suspect’s face can be obtained by choosing optimal weights for each
of the appearance components. Since the correct weights are not known in advance, these
are determined through an iterative optimisation process in which the witness assesses the
similarity between faces generated from the appearance model and their memory of the

2

Compared with the number of training images and far less than the number of image pixels.
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suspect’s face. Evolutionary algorithms allow iterative optimisation of weights. In
contrast to feature-based composite construction, in which individual features are chosen
from databases, here a whole face image is refined (i.e., ‘evolved’) at each iterative step.
Weights are initialised using pseudo-random number generation, possibly with the
addition of constraints based on the preliminary description of the suspect provided by
the witness. This includes, for example, the gender, ethnicity and approximate age of the
suspect. In the holistic EFIT systems, at each step in the process the witness is presented
with an array of nine faces from which they simply select the face that is closest in
appearance to the suspect. The weights corresponding to the selected face are then varied
randomly to produce a new nine-face array, with the intention that one or more faces in
the set will be an improved likeness. The witness then selects a face from the new set and
the process is repeated until an acceptable likeness has been attained (see Figure 3).
Holistic systems are also amenable to whole face transformations such as increasing
or decreasing the perceived age of the composite image (see Figure 4). This is difficult to
achieve with feature-based systems and would typically require skilled and lengthy work
in image editing software. However, hair, clothing and accessories cannot be modelled
adequately using PCA. Therefore, in holistic EFIT systems, hair, clothing and other
accessories are chosen from databases and added as image layers to the facial composite.

Figure 2. Generating a face image from an appearance model. The appearance, and hence the identity,
is determined by the weights. Separation of shape and texture improves feature alignment and hence
reduces blurring.
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Figure 3. Schematic diagram illustrating the optimisation of weights, and hence facial appearance,
using an evolutionary algorithm. The process is repeated until an acceptable likeness is achieved.

Figure 4. The perceived age is easily controlled with sliders in the EFIT6 user interface.

POST-PRODUCTION ENHANCEMENT
OF EFIT-VS AND OTHER COMPOSITES
Regardless of the system employed to construct a composite, a composite-creating
witness will be previously unfamiliar with the suspect. The aim is that someone familiar
with the suspect recognises that composite. Different cognitive (e.g., Bruce & Young,
1986; Megreya & Burton, 2006) and neurological (e.g., Quiroga, Reddy, Kreiman, Koch,
& Fried, 2005) mechanisms are involved in familiar and unfamiliar face processing (for a
review see Johnston & Edmonds, 2009). Familiar faces are mainly recognised using
internal features (eyes, nose, mouth), whereas external feature extraction drives
unfamiliar face memory - particularly hairstyle (e.g., Ellis, Shepherd, & Davies, 1979;

Complimentary Contributor Copy

Holistic Facial Composite Systems

47

Young, Hay, McWeeny, Flude, & Ellis, 1985). Therefore, hairstyle is often well
produced in facial composites, while internal aspects can be more erroneous. And yet,
accurately constructed internal features will facilitate familiar face recognition, and thus
facial composite recognition likelihood. Post-construction enhancement methods provide
a solution (e.g., displaying multiple composites: Frowd, Bruce, Plenderleith, & Hancock,
2006; dynamic animated caricatures: Frowd, Atherton, Skelton, et al., 2012). Two
additional techniques used in police investigations have also been tested with featurebased (e.g., E-FITs) and holistic EFITs (e.g., EFIT-Vs).
Morphing or merging two or more composites together increases accuracy as
measured by improved composite naming rates, and ratings of composite-target similarity
(e.g., Bruce, Ness, Hancock, Newman, & Rarity, 2002; Davis et al., 2010; Hasel &
Wells, 2007; Valentine, Davis, Thorner, Solomon, & Gibson, 2010). There is also a
positive correlation between ratings of morph quality, and increasing the number of
composites that contribute to that morph (2, 4, 8, or 16; Davis, Simmons, Sulley, Gibson,
& Solomon, 2015). The technique is included in UK police best practice guidance
(Association of Chief Police Officers (ACPO), 2009), and is often used in investigations
(see for example the ‘Leeds Rapist’, Daily Mirror, 24 April 2015).
Valentine et al. (2010) demonstrated that morphing improves the internal features of
a composite more than the external features, and this enhances composite recognition,
although the combined impact positively influences whole images even more. Morphing
also works with composites created by the same witness (see also Davis et al., 2010),
although effects are strongest when constructed by different witnesses. This is because
errors in composites constructed by different witnesses are less likely to correlate than
multiple single-witness creations. The merging process enhances the consistent, mainly
correct aspects of multiple composites, while averaging out random incorrect internal
inconsistencies. Nevertheless, Hasel and Wells (2007) warned that averaging might
sometimes have the adverse effect of making composites appear more similar to nontargets, potentially increasing risks of innocent suspect identification. However, in a
series of four experiments, Davis, Simmons, et al. (2015) found that although morphing
reduced EFIT-V distinctiveness, increasing correct identifications, there was no evidence
for any increases in rates of incorrect identifications.
Holistic composite identification rates can also be enhanced by physical linear or
perceptual stretch, in which a printed composite can be turned with the instructions,
“viewing the composite sideways may help you to recognise the face” (Frowd, Jones,
Fodarella, et al., 2013). They can also be artificially rotated on a computer monitor, so as
to appear from an angle of about 450 (Davis, Simmons, et al., 2015; Frowd et al., 2013a).
Like morphing, stretch averages out errors. However, there are upper limits to
enhancements using averaging techniques. Applying both techniques to EFIT-Vs, Davis,
Simmons, et al. (2015) found that a combination of morphing and stretch had no
additional benefit over the application of morphing or stretch alone.
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INFLUENCE OF COMPOSITE CREATION ON SUBSEQUENT
EYEWITNESS IDENTIFICATION
In some cases, the original composite-creating witness may view a line-up containing
a suspect bearing a close resemblance to the composite, as someone else, viewing that
composite, perhaps in a media appeal may suggest a name to the police. Facial
composites were constructed in the investigations of 30% of US DNA-exonerated
individuals, and many witnesses misidentified the subsequently imprisoned, but innocent
suspect from a line-up (Innocence Project, 2016). The Innocence Project therefore
criticised the use of composites in US investigations suggesting they can, “contaminate a
witness’ memory so that the witness can no longer discern, or has a very difficult time
discerning, between their memory of the perpetrator and the likeness that they helped to
create.” Some research with old-fashioned feature-based composites which are more
prevalent in the USA supports this position (e.g., Davies et al., 1978; Kempen &
Tredoux, 2012; Wells, Charman, & Olson, 2005), whereas in contrast, research with the
more recently developed holistic systems has mainly found positive effects from
composite creation on line-up accuracy (Davis et al., 2014; Davis, Thorniley, et al., 2016;
see also Davis, Maigut, et al., 2015).
Wells et al. (2005, Experiment 1) found that only 10% of participants recognised a
facial photograph from a six-person target-present line-up two days after creating a
feature-based FACES composite of that photograph. In contrast, 84% of non-compositecreating controls correctly identified the photograph. These negative effects were
strongest when composites possessed a poor likeness to a target. A second experiment
replicated these negative findings in target-present trials, although the authors also
introduced a target-absent line-up condition with the ‘culprit’ replaced by a foil, and
found no differences between composite creators and controls. Nevertheless, FACES
software employs a feature-by-feature construction method, and instead of an operator
guiding the witness, composites were self-created. It is clear FACES composites in this
study were not constructed in optimum conditions and indeed, opposite positive effects
have been found in studies using other feature-by-feature systems (for a meta-analysis,
see Meissner & Brigham, 2001a).
These inconsistent findings beg the question as to whether the advantages of using a
holistic composite system carry over to identification accuracy from a line-up. Two
studies by Davis and colleagues (Davis et al., 2014; Davis, Thorniley, et al., 2015; for a
review see Davis, Maigut, et al., 2015) demonstrated that under varying conditions,
including forensically-valid delays of a few days between stages, adult identification
accuracy from a subsequent video line-up – the standard identification parade used in the
UK - was either enhanced or unaffected by EFIT-V construction (see Figure 5).
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Figure 5. Suspect still from ‘crime scene video’ (left), EFIT-V created by a naïve witness with the
assistance of a police-course trained operator (centre), and still from a nine-member video PROMAT
line-up (right) prepared in a Metropolitan Police Service identification suite a few weeks later
(see Davis, Maigut, et al., 2015).

However, children (aged 6-11 years) were more likely than adults to select a line-up foil
after constructing an EFIT-V, suggesting that care may need to be taken in police
investigations with young children. Nevertheless, consistent with Wells et al. (2005),
there was no evidence that composite creation increased innocent suspect or foil
identification rates when the correct target was not included in a line-up. This suggests
that the ‘blame’ in DNA-exoneration cases should not be directed at facial composites,
but instead, highlights the likelihood that there may have been other subsequent more
serious errors in these investigations. Indeed, these findings suggest that any such risks
may be reduced if a composite is constructed using a holistic system.

CONCLUSION
Eyewitness identification accuracy and composite quality depends on many factors
outside the control of police, including the witness’ memory, the event (e.g., how long
the offender was viewed), and the offender (e.g., ethnicity, suspect distinctiveness, see
Frowd et al., 2005). In addition, EFIT-Vs have been constructed at least six years after
the witness viewed a suspect (e.g., Lohr, 2013). However, human memory is affected by
delay (for a review, see Deffenbacher, Bornstein, McGorty, & Penrod, 2008), and holistic
EFIT (e.g., EFIT-V) quality is reduced if constructed after two days instead of on the
same day (Davis et al., 2010). It is important that composite creation should occur as
quickly as possible.
More research is still required on the utility of facial composite systems, such as the
influence of the cross-ethnicity effect (e.g., Meissner & Brigham, 2001b) and the face
recognition ability of the witness (see Davis, Lander, Evans, & Jansari, 2016) on holistic
composite quality, as these factors can adversely influence eyewitness identification
accuracy. However, it is clear that with the development of systems such as the EFIT
holistic series, in conjunction with effective post-construction enhancement techniques,
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the correct identification and conviction of the perpetrator from a facial composite is
more likely than ever.
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Chapter 4

FACIAL COMPOSITE SYSTEMS:
PRODUCTION OF AN IDENTIFIABLE FACE
Charlie D. Frowd*
School of Psychology, University of Central Lancashire, England, UK

ABSTRACT
In a criminal investigation, a facial composite is constructed by an eyewitness of a
person seen to commit a crime. Composites are used by law enforcement as an
investigative tool, to generate new lines of enquiry and help to solve crime. Sketch artists
have been working with eyewitnesses to create composites by hand for many years but,
in the last fifty years or so, various systems have emerged which have allowed
practitioners with less artistic skill to produce facial images. This chapter provides an
overview of the systems available to law enforcement and the methods that have been
developed to improve their effectiveness. It is evident that considerable research has been
conducted, both past and present, and for different stages in the process, the result of
which is the production of an identifiable face. The chapter also looks to the future and
considers emerging techniques that have the potential to further our understanding of the
field and to promote an even more effective composite.

Keywords: facial composite systems, cognitive interviewing, witness, victim, crime

INTRODUCTION
A police investigation involves different types of evidence. Evidence may relate to
the place in which a crime occurred (the physical environment), or the perpetrator(s) of
*
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the crime. The latter, person-specific evidence can be invaluable for identification. It can
take a physical form, perhaps a fingerprint or a DNA left unintentionally at a crime scene,
or it can be psychological in nature, obtained from the memory of a victim, or a witness
who happened to be present at the time.
In many cases, the police identify a person they suspect is responsible. A photograph
of the suspect’s face can then be put alongside other photographs, or his or her
appearance captured for use in a video parade. In either case, a witness or victim can
attempt to identify the person he or she had seen (e.g., Brace, Pike, Kemp, & Turner,
2009). It is also possible that facial mapping techniques can be applied, the aim of which
is to establish whether a suspect matches an image related to the crime, perhaps one
captured on CCTV (see Fysh & Bindemann, this volume).

FACIAL COMPOSITES AND EARLY SYSTEMS
When no evidence is available to readily identify a suspect, the police may ask
witnesses (who may also be victims) to construct a picture of the offender’s face. This
approach is often followed for serious crime such as assault, fraud and burglary, and for
offences committed against vulnerable people in society (e.g., children, the elderly, and
people with a mental or physical handicap). The resulting picture is called a facial
composite, and is shown to people who are conceivably familiar with the offender,
normally police officers in the first instance, to recognise the face. A composite can also
be released as part of a public appeal for information. The hope is that a member of the
public will name the face to the police. Names arising from composites provide an
opportunity to identify potential suspects and to eliminate other people from an
investigation. As such, the police can look for evidence, both physical and psychological,
to establish whether or not a given person could have committed the offence. At one
level, facial composites are an investigative tool, although composites do have an
evidential role (at least in the UK) and so should be stored and properly documented
should a case proceed to court (ACPO, 2009).
The earliest method for producing composites is the artist’s sketch, with use dating
back at least a century. A person trained in portraiture would interview a witness to allow
a face to be drawn by hand, sometimes with the use of reference feature shapes. Two
production systems emerged around the 1970s to allow police officers and staff with less
artistic skill to themselves produce composites. Photofit became popular in the UK and
Identikit in the US. Both systems (and others like them) required witnesses to select
individual facial features (eyes, brows, nose, mouth, etc.) that were assembled to create a
face: Photofit used features printed onto rigid card that fitted into a template, while
Identikit involved features reproduced on acetate slides that were stacked on top of one
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another. For both, extra detail could be added (e.g., scars and marks, and alterations to
hair) with the use of a transparent slide.
These two systems have been the focus of considerable research. There is not
sufficient space here to review this extraordinary body of work and, as neither system
seems to be in current police use, we refer readers to Shepherd and Ellis (1996), and
Davies and Young (2017). It is perhaps worth mentioning though that the research
revealed limitation in (i) the range of available features and (ii) the ability to alter the size
and placement of a selected feature, both of which arguably limited system effectiveness.
While such deficiencies could be resolved by computerisation and expansion of
databases, a more fundamental issue was identified.
The issue emerged from an awareness in the research community that face
recognition was more than a simple process of matching facial features to memory (Ellis
& Shepherd, 1992). Perception of a face was revealed to be global in nature, with the
various elements interacting with each another. A face appears to look wider if the eyes
are moved apart, for example, or longer if the mouth is moved down (e.g., Yasuda, 2005).
In essence, the face itself acts as a context in which facial features are seen. As such, a
facial feature is better recognised if seen in the context of a complete face rather than as
an isolated part (e.g., Tanaka & Farah, 1993). Similarly, recognition is facilitated if a
feature is seen in the correct configuration, when the physical spacing of features is
appropriate (Tanaka & Sengco, 1997). Indeed, the whole-face or holistic effect is so
strong that novel (new) faces created from the halves of two different people tend to be
processed as a single entity (e.g., Young, Hellawell, & Hay, 1987).

MODERN FEATURE-BASED COMPOSITE SYSTEMS
The implication is that the selection of facial features by isolated parts, as used by
Photofit and Identikit, is unlikely to be an optimal strategy. This led to the next (second)
generation of composite systems (Shepherd & Ellis, 1996). Product manufacturers now
developed software systems to allow selection in the context of a complete face: features
were essentially switched in and out of an intact face. See Figure 1 for an example of
what a witness might see when selecting in this way. Using a “gold” standard procedure
to model face construction by witnesses, described below, this new approach does indeed
produce more-identifiable composites (Skelton et al., 2015). Also, these systems emerged
with a greater range of facial features, each classified by a physical description and stored
in a database. In addition, the size and position of features could be altered freely on the
face, as required. Further, computer graphics technology allowed features to be blended
more acceptably on the face, and facility was made for a software artwork package to add
marks, shading and additional detail. Implementations of this type of technology include
E-FIT and PRO-fit in the UK, and FACES and Identikit 2000 in the US.
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Figure 1. Feature selection in the context of a complete face using the PRO-fit system. In this example,
left-to-right, the first three frames indicate change of hair, the next two change the eyes, and the final
frame involves a change of nose (which is perhaps difficult to see). As part of good practice, a witness
would usually be shown around 20 examples for each facial feature that match his or her description of
the face.

As nice as it sounds, there was a curious side effect. While context-based selection
aimed to facilitate identification of facial features, it was now intractable for witnesses to
view all examples stored in a database. Instead, police operatives would ring-fence a set
of features that were a good match to the offender’s features, a set of around 20
examples—that is, about 20 noses, 20 mouths, etc. To obtain this information, cognitive
interviewing (CI) techniques were used, originally developed by US psychologists Ron
Fisher and Ron Geiselman (e.g., Geiselman, Fisher, MacKinnon, & Holland, 1985; for
details of the current CI, see Frowd, 2011). Witnesses were now invited to freely recall
the offender’s face in as much detail as possible, without guessing. The police operative
would enter this information into the system to identify a suitable selection of example
features from which the witness could select.
So, how effective are modern feature systems? To answer this question, a formal
protocol (a “gold” standard) was developed that copied the way that composites are
deployed in a police investigation (Frowd, Carson, Ness, Richardson, et al., 2005; see
Fodarella, Kuivaniemi-Smith, Gawrylowicz, & Frowd, 2015 for detailed procedures for
modern systems). The protocol requires laboratory witnesses to view an unfamiliar target
before describing the face in detail (using CI techniques) and constructing a composite of
it using a system to its fullest ability (as specified by the manufacturer). Also, to model
the real-world situation where police and members of the public attempt identification,
the effectiveness of the resulting composites is assessed by giving them to other people
who are familiar with the relevant identities to name. The design thus involved
unfamiliar-face perception to construct a face and familiar-face perception to assess its
effectiveness. In reality, the procedure is usually repeated for about 10 different identities
per system, to provide a stable, average estimate of performance.
Frowd, Carson, Ness, Richardson, et al. (2005) used the gold standard to compare EFIT and PRO-fit with the archaic Photofit and a police sketch artist. Participants looked
at a picture of a target and, three to four hours later, described and constructed a face
using one of these systems. Also included was a prototype of the EvoFIT third-generation
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(holistic) system, described later. The process used by the artist was similar, in that
participants also described the face using CI techniques and selected feature shapes from
a facial identification catalogue that were drawn and reworked on the page. E-FIT and
PRO-fit composites were equivalent, emerging with overall mean correct naming of 18%.
These images were named better than Photofit composites, at 6%, demonstrating
superiority of modern systems. Sketch composites were named with a mean of 9%
correct.
Frowd, Carson, Ness, McQuiston, et al. (2005) replicated this procedure using a more
realistic retention interval (time delay) of two days between encoding of a target and face
construction. The study found that correct naming was only about 1% for E-FIT and
PRO-fit combined, 3% for FACES and 8% for sketch. Other research confirms a fairly
good level of correct naming for modern feature systems when the retention interval is
short or very short (e.g., Brace, Pike, & Kemp, 2010; Bruce, Ness, Hancock, Newman, &
Rarity, 2002; Davies, van der Willik, & Morrison, 2000; Frowd, Bruce, McIntyre, &
Hancock, 2007), but typically very low correct naming when long (e.g., Frowd,
McQuiston-Surrett, Anandaciva, Ireland, & Hancock, 2007; Frowd, Pitchford, et al.,
2010; Koehn & Fisher, 1997; cf. Frowd, Bruce, Ross, McIntyre, & Hancock, 2007). A
recent regression- and meta-analysis involving naming data from 432 composites
supports this conclusion; it also reveals that more identifiable faces are usually
constructed from sketch artists than from modern feature systems (Frowd, Erickson, et
al., 2015).
This situation is therefore worrying for police agencies which use modern feature
systems for face construction. There are a couple of potential reasons for this outcome.
The first relates to the way that a face is processed for people who construct composites
(where the face is usually unfamiliar) and those who identify (name) them (where the
face is familiar). Ellis, Shepherd and Davies (1979) reveal that we rely on the central
“internal features” (the region including eyes, brows, nose and mouth) when recognising
familiar faces, while the outer “external features” (hair, ears, face shape and neck) play a
more important (and equivalent) role when faces are unfamiliar (see also Megreya &
Bindemann, 2009; Young, Hay, McWeeny, Flude, & Ellis, 1985; see Hancock, Bruce, &
Burton, 2000 for a review of unfamiliar face recognition). The situation is different for
facial composites produced by a modern feature system. These faces are better matched
by their external than internal features (Frowd, Bruce, McIntyre, et al., 2007) and correct
naming is equivalent (not better) for internal relative to external features (Frowd, Skelton,
Butt, Hassan, & Fields, 2011). Examples are shown in Figure 2. The evidence thus
suggests that the internal-features’ region of feature-based composites are usually
constructed inaccurately.
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Figure 2. Example facial regions for a feature-based composite: internal features (left), external features
(centre) and complete face (right). Refer to Figure 4 and accompanying text for how this particular
composite was constructed.

A second issue relates to face recall. It turns out that describing a face in detail can
interfere with face recognition, and thus the ability to select facial features for composite
construction. The mechanism is known as the verbal overshadowing effect (VOE), with
verbal memories influencing visual memories (e.g., Meissner, Sporer, & Susa, 2008).
Several research groups have found evidence for such interference to recognition (or
interference from having seen another person’s composite, at least for composites
constructed from the US FACES system: Kempen & Tredoux, 2012; Topp-Manriquez,
McQuiston, & Malpass 2016; Wells, Charman, & Olson, 2005)—although the effect
seems to be somewhat variable for face recognition in general (e.g., Alogna et al., 2014;
Meissner & Brigham, 2001) and may not even be applicable to a holistic system or
another feature system (Davis, Gibson, & Solomon, 2014; Turner, 2016).
In my own research, I have found evidence of overshadowing in a person’s
composite created from a modern feature system (Frowd & Fields, 2011). Over the
course of a single experiment, we were able to induce a VOE and then remove (or
release) it. However, the effect was very weak. In fact, it was not even evident at all in
later research involving a holistic system (Frowd, Nelson, et al., 2012), discussed below,
a method of face-construction that should be more sensitive to interference to
recognition. Overall, the research does not find a consistent effect of overshadowing with
facial composites.
In terms of ability to recall, Ellis, Shepherd and Davies (1980) presented participants
with an unfamiliar face and asked them to describe it immediately, or after one of three
retention intervals of one hour, one day and one week. The total information recalled
reduced rapidly to just one third of the original level after only an hour, and then reduced
little thereafter. The study also found that recall for hair was greatest over all delay
intervals. This is a sensible result and highlights the importance of external features, of
which hair arguably has the dominant effect (as found elsewhere: e.g., Bruce et al., 1999).
Other research confirms the relative ease with which hair is recalled and highlights the
difficulty we have in general when describing facial features (Laughery, Duval, &
Wogalter, 1986). Since face recall is important for police operatives to locate facial
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features for presenting to witnesses, it is not surprising that face construction might suffer
when deployed a day or two (or longer) after a target has been seen.
This idea was explored (Frowd & Goodfellow, 2017) by comparing the normal use of
a feature system after 24 hours with the same procedure but using a description that had
been recalled by another person immediately after the same target had been seen.
Composites were more identifiable (Table 1) using a description recalled immediately,
demonstrating the importance of face recall for feature construction.
Table 1. Feature-based construction of footballer composites by retention interval
for both composite production and face recall

Construction delay
Immediate

24 hr

16.5
(14 / 85)

9.2
(8 / 87)

-

1.2*
(1 / 82)

Face recall
Immediate
24 hr

Note. Values are correct naming scores calculated by dividing responses shown in parentheses and
expressed as a percentage. In this example, we present naming scores for composites whose
corresponding target identities were correctly identified: Parenthesised values are summed correct
responses (numerator) and total (correct and incorrect) responses (denominator) for composites
that participants correctly named the relevant target (N = 23 out of 254). The Binary Logistic
Regression model was reliable for these data [X2(2) = 7.9, p = .019] and post-hoc comparisons
indicated (see table): *less than other groups, p < .05.

If face recall is so important, but diminishes over time, why not simply construct the
face sooner? In the past when this has been attempted, it has been apparent that victims of
serious crime find the prospect of creating a picture of the offender too daunting (Frowd,
Carson, Ness, McQuiston, et al., 2005). In practice, a couple of days are usually
necessary for witnesses to be ready. Unfortunately, they are then likely to have
diminished face recall at the onset of face construction.

NEW APPROACHES
How then might this situation be improved? While there is utility in a composite
producing names that turn out not to be correct, as such information can allow potential
suspects to be eliminated from an enquiry, or for different police investigations to be
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linked together based on the apparent close visual similarity of composites, as illustrated
in Frowd, Hancock, et al. (2010), obtaining a name that is correct is clearly best. The
situation has been improved by: (i) asking constructors to reflect upon (process) a target
face in a different way, (ii) aligning face construction with memory, (iii) making use of
multiple memories, (iv) facilitating recognition of a finished composite and (v)
generating the face in a different way.

Processing the Face in a Different Way
One method involves changing the way that witnesses approach face construction. As
part of cognitive interviewing (CI) techniques, an interviewer usually engages in rapport,
to help a witness to relax; asks the witness to reflect on events before and at the time of
the crime, including the crime scene, to reinstate the context; and then requests
uninterrupted recall of the face (e.g., Frowd, 2011). These and other techniques or
mnemonics of the CI are effective for facilitating recall of the face, but appear to do little
to improve face recognition, which itself is important for accurate selection of facial
features. While recall focuses on facial features (as witnesses describe the nose, mouth,
hair, etc.), recognition involves processing the face more as a whole—this is why facial
features are more accurately selected when seen in the context of an intact face. It is also
the case that recognition is facilitated when a face is encoded in terms of global
characteristics or personality rather than by facial features (e.g., Wells & Hryciw, 1984).
This observation led to a new method for interviewing (Frowd, Bruce, Smith, &
Hancock, 2008), one that involves two “holistic” mnemonics: (i) after describing the
face, witnesses are invited to reflect silently on the perceived character of the face for one
minute, and (ii) then make seven perceived judgements about it on a scale of “low,”
“medium” and “high.” The judgements aim to encourage witnesses to focus on the face
in global (holistic) terms, and include health, pleasantness, masculinity, athleticism,
weight, distinctiveness and extroversion. Once completed, a composite is constructed as
normal. For simplicity, these two mnemonics, when they follow the mnemonics for face
recall, are sometimes referred to as a holistic-CI or an H-CI.
In a formal assessment, constructors in Frowd, Bruce, et al. (2008) looked at a short
video containing an unfamiliar target face and constructed a composite of it using a
feature system after a face-recall CI or an H-CI. Results were striking. Composites were
correctly named at 9% when created using the CI but at 41% using the H-CI. Example
composites from the study are shown in Figure 3. Also, as indicated by a sorting task,
where further participants matched composites to target pictures, not only were internal
features constructed more effectively, but the H-CI also improved the accuracy of the
external features.
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It is thought that constructors tend to process the face more globally after the holistic
mnemonics have been used, improving face recognition and thereby selection of facial
features. Subsequent research has suggested that these mnemonics are effective when
witnesses have good face recall (Brown, Frowd, & Portch, 2013); the benefit also extends
to a holistic composite system (see below). It also turns out that the actual prompts do not
themselves seem to be important for the technique to be effective (Frowd, Nelson, et al.,
2012), although they should be selected by a practitioner to be sensitive to the crime: it
would be inconsiderate, for example, to ask a victim of fraud to judge the honesty of the
offender—although other prompts (such as those mentioned previously) are likely to be
appropriate.

Figure 3. Example of a feature-based composite created using a face-recall CI, left, and face-recall CI
plus holistic mnemonics (H-CI), right. In this example, two participants independently watched a video
of a character from BBC TV EastEnders (a long running TV soap) before later being interviewed to
produce a composite from memory. If you are familiar with this programme, can you guess the
identity? You should find that the image on the right is easier to recognise. (The answer can be found at
the end of the chapter).

Aligning Face Construction with Memory
The theory of transfer appropriate processing (e.g., Morris, Bransford, & Franks,
1977; Schooler, 2002) would predict that successive stages of processing are likely to be
effective if aligned with one other. In the current context, creating an experience for a
witness which more closely matches his or her encoding or memory of the face should
lead to a more effective composite. For example, Wells and Hryciw (1984) revealed that
face construction using a feature system is more effective when a person tries to
remember (encode) a face in terms of individual features. Other research has considered
the angle of view at encoding. While artists can draw a face at any viewpoint, to match a
witness’s memory of the offender, composite systems usually create a front view, and so
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lower effectiveness would be expected from these systems when there is a mismatch by
view. Frowd et al. (2014) reported that targets which increasingly deviate from a frontal
pose led to increasingly less identifiable faces when constructed (using a holistic system)
in a frontal view; a similar outcome emerged for facial expressions of targets that
increasingly deviate from neutral. For a feature system, Ness et al. (2015) have found that
matching angle of view at encoding and construction is best, especially if the view at
encoding is not frontal. Their research revealed benefit for construction using the PRO-fit
feature system at a three-quarter view when a target had been seen likewise, although
construction of a front face was best when a constructor had seen all views of a target. In
general, the research suggests that systems capable of rendering the face to match witness
memory are likely to be preferable. While this idea does not extend to construction and
naming of composites in colour (Frowd, Bruce, Plenderleith, & Hancock, 2006), as face
recognition does rely on this modality under normal circumstances (e.g., Kemp, Pike,
White, & Musselman, 1996), it would appear best for the view of the presented face(s) to
be configurable for a witness. A potential system could be based around a 3D face model,
such as the one developed by Blanz and Vetter (1999).

Making Use of Multiple Memories
Another approach has attempted to involve more than one memory. This work is
based on the situation where an offender has been seen by more than one witness. In this
case, while each observer may have a similar memory, there are large individual
differences in ability to construct a face: for a variety of reasons, some people are simply
better at the task than others (see Bate & Murray, this volume; Noyes, Phillips, &
O’Toole, this volume). (A similar situation occurs when we try to name a face composite,
as discussed below.) A sensible procedure is to ask each witness to construct a composite
independently; when done, the resulting faces can be combined to create a single image.
An example is shown in Figure 4. These composites were constructed by police
practitioners (in training) who each interviewed a practice witness using the PRO-fit
system. PRO-fit was then used to align features on each composite to create the average
of the set, a so-called morphed composite. Note the consistency of the morphed (average)
composite with respect to the individual witness composites.
Over a series of experiments, Bruce et al. (2002) demonstrated that a morphed
composite created in this way from laboratory witnesses was as effective as the best item
in the set, and was sometimes better. As witnesses worked independently, any errors
produced in face construction tended not to be correlated with each other and so would be
reduced when averaged. The technique has been replicated (Davis et al., 2015; Hasel &
Wells, 2007; Valentine, Davis, Thorner, Solomon, & Gibson, 2010) and used to improve

Complimentary Contributor Copy

Facial Composite Systems: Production of an Identifiable Face

65

the effectiveness of forensic age progression (Lampinen, Erickson, Frowd, & Mahoney,
in press).

Figure 4. Combining individual witness composites. The composites were created after four practice
witnesses watched a short video of a person interacting with another person in the street. The central
face is a morphed (average) composite created by giving equal weighting to each constituent composite.
Can you guess the identity? It is a character from the ITV Coronation Street soap. (The answer is at the
end of the chapter).

As a result of Bruce and colleagues programme of research, UK police practice was
changed to allow composites to be created independently by witnesses, so long as the
same viewpoint is used and equal weight is given to each composite, to allow production
and public release of a morphed composite (ACPO, 2009). Note that this procedure does
not alter the original composites (the original witness exhibits) and can be used when at
least two observers have seen the same offender; this situation also applies to separate
criminal investigations that become linked together due to new evidence (e.g., via DNA
or fingerprints). Note also that the witnesses who create the composites should not be
involved in what is (in evidential terms) production of a secondary exhibit (ACPO,
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2009), an image created with the aim of enhancing the effectiveness of the original
evidence.

Enhancing the Effectiveness of a Single Witness Composite
Research has also focussed on the more usual situation where only one witness is
involved, and so production of a morphed composite is not practicable (although see
Ness, 2003 for an example of how a different type of morphed image can be created from
a single observer). This research thread has investigated other ways to improve the
effectiveness of a single finished composite.

Dynamic Caricature
One successful technique emphasises distinctive aspects of a face. The general
approach is used by artists to create caricatures, sometimes involving a few lines that
greatly exaggerate facial features. In a traditional computational approach, caricature (or
more precisely positive caricature) involves exaggerating features of a face with respect
to an average: features that are larger than the average become even larger, while features
are moved closer together if their placement on the face is closer than the norm. Research
suggests that recognition can be improved through caricature, although familiar faces
tend to be recognised very well to start with and so benefit only tends to occur for faces
that are presented briefly (e.g., Lee & Perrett, 2000) or have been degraded in some way,
for example by converting them to a line drawing (e.g., Benson & Perrett, 1994; Mauro
& Kubovy, 1992).
Frowd, Bruce, Ross, et al. (2007) presented participants with a fixed level of positive
caricature, for example at 30% or 50% exaggeration, as illustrated in Figure 5.
Composites were named slightly better, but never significantly better, than their unaltered
counterparts. In one experiment, participants were given composites of well-known
celebrities and asked to adjust the face using a windows slider to give the best likeness;
the control made the composite more exaggerated, or did the opposite, a representation
called a negative (or an anti-) caricature, to make the face appear more like the average.
There were two unexpected results: (i) participants tended to prefer a representation that
was a slight negative caricature and (ii) there were large individual differences in
preference of best likeness.
Based on these findings, we demonstrated that a sequence from negative to positive
caricature, in small steps, increased people’s ability to correctly name the face, from 29%
for the original composites to 42% for the equivalent images presented as a dynamic
caricature. It was hypothesised that the moving format was effective as one frame in the
sequence was a preferable trigger to recognition and, due to individual differences in our
memory for familiar faces, the “best” frame was different for each identity and observer.
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Later work (Frowd, Skelton, Atherton, Pitchford, Bruce, et al., 2012) revealed that the
negative-going part of the sequence was effective by reducing the appearance of error. It
was also demonstrated that caricature and not motion per se was responsible for the
benefit—although accurate person-specific motion does seem to be beneficial (see
Lander & Pitcher, this volume).

Figure 5. Example caricature sequence. From left to right are shown exaggeration at -50%, -25%, 0%,
+25% and +50%. The central image (0%) is the original composite constructed from memory. Can you
guess the identity of the Scottish actor? (The answer is at the end of the chapter).

Image Stretching
In Frowd, Jones, et al. (2014), recognition was measured for different transformations
applied to a composite—inversion, negation, image (Gaussian) blur, etc. One
manipulation was a global image stretch, a type of affine transformation which was
included as an additional control condition, as used in other research for the same reason
with facial photographs (e.g., Hole, George, Eaves & Rasek, 2002). It turns out that,
while stretch changes the face to a large extent, it does not affect recognition:
photographic faces tend to be just as recognisable when the image height is seen doubled
or trebled (i.e., with the image width unaltered), and sometimes when the image width is
stretched (with the image height unaltered). You might like to try this by stretching a
photograph of a face which is familiar to you: it should remain highly recognisable.
The research found sensible results (e.g., inversion reduced naming somewhat, and a
low level of image blur reduced naming of feature composites) but correct naming turned
out to actually increase with 100% stretched composites, from 30% for veridical
(unaltered) composites to 42%; the research also revealed that vertical stretch was
somewhat more effective than horizontal. The benefit of viewing a vertically stretched
composite has been replicated (Davis et al., 2015). An example of the technique, and an
alternative format that stretches the face against a perceptual “backdrop,” is shown in
Figure 6.
We have also evaluated a perceptual stretch. This alternative is achieved by observers
turning the page on which the composite is printed to the side so that the face appears
long and thin. The technique is effective for increasing correct naming of composites
usually seen in a front view (Frowd, Jones, et al., 2014). The underlying mechanism for
stretch is intriguing, albeit not entirely clear. The effect does appear to be strongest for
composites produced after an H-CI (incl. a long retention interval) and with a global
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focus on the central region (Frowd et al., 2013); also, naming of stretched composites is
predicted by a high level of Gaussian blur (Frowd, Jones, et al., 2014). Together, this
suggests that the technique may be concealing inaccuracies in features (as less
information is revealed to the user), to allow holistic information to be more effectively
processed by the cognitive system.

Figure 6. From left to right is an original composite (from Figure 5), and this same image shown as a
physical stretch and a perceptual-backdrop-image stretch. If you turn the textbook book to the side, a
perceptual stretch is created when you perceive the original composite (left) as a vertically-stretched
face.

The potential benefit of lessening the visual impact of inaccurate information has
been explored in several other projects. Correct naming has been found to increase (i) for
holistic composites manipulated with mild Gaussian blur (Frowd, Jones, et al., 2014), to
conceal inaccurate fine detail (with the opposite effect for feature composites, as
mentioned above), (ii) for composites presented with minimal facial texture (Frowd,
Park, et al., 2008) and (iii) by misaligning composites horizontally (McIntyre, Hancock,
Langton, & Frowd, 2016), to reduce the importance of inaccuracies in the spacing of
facial features. Further research has considered selective concealment. In one study,
while correct naming reduced when sunglasses were added to well-recognised
composites, it improved for those that were poorly recognised (McIntyre, Frowd, Bruce,
& Hancock, 2010). More recent research (Frowd et al., manuscript in preparation)
demonstrates the benefit of presenting plausible concealments (e.g., hat and / or
sunglasses), one of which may trigger recognition—similar to a frame for dynamic
caricature. More generally, it would appear worthwhile to apply multiple manipulations
to a composite face, perhaps conveniently presented as an animated sequence. We are
currently pursuing this promising avenue of research.
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GENERATING THE FACE IN A DIFFERENT WAY
Some witnesses are simply unable to describe an offender’s face in sufficient detail
and face construction becomes intractable: with limited face recall, too many example
features are available for a witness to inspect. When this situation occurs, especially
when more than one feature is not described, UK police guidelines advise against
construction of a feature-based composite (ACPO, 2009). What is needed is an approach
that does not rely on face recall. In fact, another potential reason for approaching face
production differently is that face recall itself tends to involve more explicit cognitive
processing and is usually more difficult to achieve than recognition (e.g., Davis,
Sutherland, & Judd, 1961). The outcome has been a new method that aims to more
closely align face construction with the holistic processes involved in face recognition.
For this reason, the resulting technology is often referred to as a holistic (or third
generation) composite system.
Several commercial implementations have converged on a similar initial solution.
First, faces are created as random points sampled from a multi-dimensional space (e.g.,
Valentine, 1991), itself built from whole faces (or whole face regions) using a statistical
technique called Principal Components Analysis (for a review, see Frowd et al., 2004).
Each face is now controlled by a coding scheme that is holistic in nature, meaning that
each parameter changes the overall appearance of the face. The behaviour of most
parameters is complicated to describe, while others alter the face in ways that are
psychologically meaningful, such as controlling width, weight or angle of view (see
Figure 7). Second, a witness is now presented with more than one face for selecting
potential matches to the offender. This procedure is thought to be closer to natural face
recognition (Hancock, 2000), as opposed to asking a witness to describe improvements
needed to a single face (as is generally the case with feature systems; cf. Frowd, Bruce,
Ness, et al., 2007)—a task that basically engages a person in face recall.

Figure 7. Coding of parameters for a 30 year old white male face in EvoFIT. Each set of shape
parameters has been applied to the average texture in the model. In pairs from left to right, PCA
parameters can be described as largely (although not cleanly) coding for head-up / -down, face width,
left / right head pose and facial expression.
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General Approach
The natural processes of competition and selection (e.g., Dawkins, 1988) were the
inspiration for this approach. Faces at the start are given random characteristics (points
selected randomly from a PCA space), while parameters of selected items are combined
using a Genetic Algorithm; some parameters can also be mutated (given a new random
value) to try to maintain genetic variation. Over the course of several generations, desired
characteristics tend to be reinforced, while others become reduced, to allow a face to be
evolved. Implementations tend to involve holistic tools, to enhance the overall appearance
of a face: for example, to alter width, health or age (e.g., Frowd, Bruce, McIntyre, et al.,
2006). A shape tool is also used to alter facial features on demand, the same as for feature
systems, such as to increase the size of the mouth or to move the eyes together.
This approach has several merits, not least as it permits witnesses in the UK with
limited recall to construct a composite. Although sounding promising, however,
construction of an identifiable face, in particular after a long retention interval, has been
an enigma. In reality, the method described so far only seems to produce faces with low
correct naming. I have argued that the true value of a composite is for someone to
correctly name it, and the issue is no different here. With this in mind, the following
account is mainly on EvoFIT, as considerable research has tried to maximise naming of
its composites. That said, some published work has documented the alternative EFIT-V
(e.g., Davis et al., 2015; Valentine et al., 2010) and ID (Tredoux, Nunez, Oxtoby, & Prag,
2006), although this research does not involve both construction after a long delay and
composite naming. One hopes that this situation will be remedied, particularly in light of
the need for effective policing in this time of austerity measures.

Basic Procedure of EvoFIT
Early in development, it became apparent that users were experiencing difficulty in
selecting EvoFIT faces, and so the process was simplified. After choosing appropriate
hair, ears and neck, the system presented screens of “smooth” faces, randomly-generated
items that changed by feature size and placement from a PCA shape model. In practice,
four such screens were shown for selection of six items in total. Witnesses then selected
six items from four screens similarly sampled from a separate facial “texture” PCA
model: these faces changed by the greyscale colouring of eyes, brows, appearance of skin
and pigmentation, etc. See Figure 8 for an example array of randomly generated faces.
After selecting smooth and textured faces, witnesses would elect an overall best
likeness, and the set would be evolved (“bred” together) into another generation. After
three generations (the initial one involving randomly-generated faces and two subsequent
ones based on the previous choices), the population usually converged on a similar
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likeness. Next, users would elect a single face of best match and change the size and
placement of features using a shape tool. Unfortunately, early implementations of this
algorithm tended to produce faces with very low correct mean naming, at around 2%
correct (Frowd, Carson, Ness, McQuiston, et al., 2005; Frowd, Carson, Ness, Richardson,
et al., 2005).

Figure 8. Example array of EvoFIT faces with intact external features. Each face has been generated by
randomly selecting a multi-dimensional point from a facial shape (‘smooth faces’) and a facial texture
model. External features (hair, ears and neck) in this presentation format were found to be distracting to
witnesses, and so in later implementations this region of the face was blurred or (most recently)
removed (masked) until internal features have been constructed (see Figure 10).

Improving the Effectiveness of the Genetic Algorithm
Poor correct naming was resolved in part by improving the efficacy of the genetic
algorithm (GA) used to combine user choices in the second and third generations. Recall
that witnesses were asked to select the best likeness at the end of each generation, a face
that is used in the GA to accelerate conversion on a specific identity. Simply, a better
match for this item promotes a more effective search through the space of possible faces.
To do this, the procedure was changed: witnesses were now presented with combinations
of their previously-chosen smooth and textured faces for selection of the best. In a formal
test using the gold standard, intentional target encoding and a two-day retention interval,
EvoFITs constructed using this enhanced GA were correctly named with a mean of 11%,
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while composites from PRO-fit created under the same conditions were correctly named
at 5% (Frowd, Bruce, Ness, et al., 2007). While a little better than a typical system of old,
considerable development was necessary in order to improve performance further.

Face Models, Blurring and Holistic Tools
It was apparent that users were still experiencing difficulty in selecting items from
the presented face arrays. This was partly due to the age range of the faces being too wide
(catering for targets from teenage to 40 years), and so more specific face models were
created, separated by approximately 10 years from each other (for details, see Frowd et
al., 2006).
A second issue related to the visual presence of external features. As mentioned
above, this region is important for the perception of an unfamiliar face (e.g., Ellis et al.,
1979; Frowd, Skelton, et al., 2011), as is the case for the majority of witnesses (and for
laboratory witnesses). The issue was addressed by applying a moderate level of Gaussian
blur to the external features of each face in the arrays. The aim was to provide a context
for recognition of the internal features, much like the situation with individual features
being selected more accurately in a whole-face context (e.g., Tanaka & Farah, 1993),
which is why external features were not removed completely (although this theory was
later revised). The procedure was effective at improving correct naming (Frowd, Park, et
al., 2008). As mentioned above, software tools were created to help witnesses improve
the overall likeness of an evolved face (Frowd et al., 2006). These holistic tools
manipulated global properties of the face including width, age, weight, health, honesty,
attractiveness and masculinity. Example scales can be seen in Figure 9.

Figure 9. Holistic scales. After the face has been evolved, these scales are used sequentially in order to
improve the overall match, with each change made carried forward to the next scale. In pairs from left
to right are shown scales (applied to a set of example internal features) that change by width, age,
attractiveness and health.

A formal test ensued, documented in Frowd, Pitchford, et al. (2010), which revealed
that holistic tools doubled identification when used in conjunction with external-features
blurring, giving rise to correct naming of 25%; this was compared to 5% for a feature
system tested likewise—unfamiliar target faces created after a two day delay. A version
of EvoFIT was also evaluated that used holistic tools without the blurring applied (i.e.,
intact external features were seen in the arrays) but these faces were also named at 5%,
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thus indicating the importance of focussing user attention on the internal features’ region
during the evolving stage. So, while the evolving process created a representation in face
space that was in the proximity of the intended identity, holistic tools made it that much
closer.

Improving Performance Further
Three further developments have proved effective, each assessed using the goldstandard protocol and a long retention interval. First, the two holistic interviewing
mnemonics used with the face-recall CI (as described above) led to construction of
composites with naming that increased from 24% (CI) to 39% correct (H-CI; Frowd,
Nelson, et al., 2012). The same as with a feature system, the H-CI produced faces with
more accurate likenesses for internal as well as external features.
Second, in experiments to explore the optimal level of Gaussian blur to apply to
external features, higher levels of blur promoted more identifiable faces (Frowd, Skelton,
Atherton, Pitchford, Hepton, et al., 2012). Contrary to expectation, external features did
not seem to provide a useful context for selection of internal features: if anything, the
mere presence of external features was a distraction to the constructor. The work led to a
novel approach where just internal features were presented in the arrays (Figure 10) and
holistic tools (Figure 9); only then, and after required use of the shape tool, were external
features added to the face. In a formal evaluation, composites were correctly named at
23% using external-features blurring but 45% for what is essentially external-features
“masking” (internal features presented for evolving and holistic / shape tool
enhancement, with external features selected and revealed at the end). The work also
found that two rather than three iterations through the system (or “generations”) were
sufficient to converge on an appropriate likeness.
In discussion with police practitioners, a third issue became apparent. While
witnesses were able to constrain broad characteristics at the start—that is, by selecting a
database for age, gender and race—faces still changed by width. This issue is relevant as
research suggests that face width, along with age and hair, is part of important or
“cardinal” information relevant to face perception (Ellis, 1986). So, while age, hair and
other general properties of the target had been largely controlled, width had not.
Based on user feedback, it seemed appropriate for witnesses to indicate a single item
of best width from an example page of faces, to allow this facial aspect to be fixed in the
subsequent screens. Using the gold standard protocol, naming of 10 Coronation Street
characters constructed in this way after 24 hours was 23% correct, but naming increased
reliably to 40% using a different approach: rather than constraining face width,
constructors were asked to ignore this aspect of the face as it could be set at a later stage
(Frowd & Fodarella, 2017). It turns out that constraining faces by aspect led to a more
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restricted search of face space which, while fine for some identities (those residing in this
region of space), was not optimal for others. Asking witnesses to ignore the width of
faces in the arrays, as it can be set later, is now part of the normal operating procedure
(e.g., see Fodarella et al., 2015). The project also illustrates a methodological issue: it is
important that each proposed system change is verified by formal assessment.
I have compiled a set of celebrity composites in Figure 11 to illustrate the
effectiveness of the system.

Figure 10. Example face array of internal features (same as Figure 8, but external features have been
masked). This presentation format is now standard for witnesses in the latest implementation of the
system. Once the internal features have been constructed, external features are added.

Figure 11. Example composites created from the system. Can you guess the identities? (See end for
answers).

Combining Techniques
So far, I have reviewed developments to the initial interview, face construction and
naming. Assessment has also considered the effect of combining procedures. In Frowd et
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al. (2013), participants watched a short video of an unfamiliar target and constructed a
composite of it the following day after face recall with or without the holistic
interviewing mnemonics, and with blurred or masked external features. Other participants
named the resulting composites from the front and then from the side. Correct naming
increased significantly for each of these manipulations (use of holistic interview
mnemonics, external features masking, side-on viewing angle), and to a naming level that
was similar to those mentioned above. When the three techniques were used together,
naming emerged at an astonishing 74% correct. In fact, the analysis indicated that correct
naming was greater than that predicted by each technique separately, indicating the
potential of combining multiple whole face approaches.

Police Assessment
Once a promising system had been developed in the laboratory, it was assessed in
formal police field trials. Each such evaluation involved actual witnesses and victims of
crime, and considered system performance for a set period of time (usually six months)
on a number of dependent variables: the number of names put forward for composites
constructed, the number of arrests made and the number of convictions secured. The
arrest rate is perhaps the most immediately useful as a name given for a composite will
only be taken seriously by the police if there is reasonable evidence to suggest that the
named person could have actually committed the offence. See excerpt for a case study.
EvoFIT was assessed by Lancashire and Derbyshire police in 2007 to 2008. Both
constabularies used the system extensively for a six month period, and useful
performance was reported (Frowd, Hancock, et al., 2011). Dynamic caricature was used
to present composites for some cases, although the majority of appeals involved local
newspapers and the composite itself. Around 150 EvoFITs were constructed for a range
of offences (e.g., serious assault, burglary), by young to elderly witnesses, and the arrest
rate was 20%. In comparison, a modern feature system in prior use in one of these forces
had little direct value: no names put forward. The EvoFIT version tested was basically
that measured in Frowd, Pitchford, et al. (2010), at 25% correct naming, and so
laboratory and field data indicate a similar level of performance.
Field trials have also been conducted by police in Devon and Cornwall and in
Romania (Frowd, Pitchford, Skelton, et al., 2012). The overall arrest rate arising from
names given to composites was 38% using an improved interview protocol. EvoFIT was
tested again over 12 months by Humberside police using the masked external-features’
approach. The arrest rate was reported at 60%, a figure that is comparable to the lab
research (45% correct, Frowd, Skelton, Atherton, Pitchford, Hepton, et al., 2012). The
force was able to indicate a conviction rate. This was based on the number of names
given to a composite which led to an arrest and, with other evidence, a conviction. A
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conviction rate of 16% was reported when all constructed composites were analysed in
this way during 12-months after the assessment period.

CASE STUDY
EvoFIT has been used in many police investigations over the last decade (e.g.,
Frowd, Hancock, et al., 2011; Frowd, Pitchford, Skelton, et al., 2012). The investigation
described here illustrates its value, in this case as part of Operation Hatton, to identify a
serial rapist. The case has been reported widely in the media.
The relevant offences (linked by DNA) involved an adult male who assaulted teenage
victims during 2009 and 2010 in the south part of Manchester. The offences took place in
the early hours of the morning, and were predatory in nature, with CCTV evidence
indicating that the offender stalked his victims. Considerable violence and physical threat
were involved, and the offender was particularly callous. For example, prior to one
offence, he actually reassured a victim’s father (over the phone) that she was safe. In
another, a victim was threatened with a weapon. The crimes understandably caused
considerable public concern, and in spite of a large-scale police investigation including
availability of DNA and construction of a composite from a modern system, the offender
remained at large.
EvoFIT was brought in to help the investigation. A forensic practitioner worked with
the latest victim seven days after the attack. As is normal practice, the victim was invited
to recall the appearance of the offender’s face using cognitive interviewing techniques,
and then to work through the EvoFIT screens (of internal features). A composite was
constructed over the course of about an hour. The image produced is shown to the left in
the following figure.
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The constructed image was released in the media as an animated composite (moving
caricature), prompting a substantial public response. A name was consistently given to
the police: Asim Javed. This person (photo, figure right) was a familiar identity to
residents in Manchester, since he was an employee at a fast food outlet. Police obtained
DNA from Javed, which matched the victims’ samples. In the ensuing investigation, he
confessed to the crimes and admitted that he would have continued to offend had he not
been stopped. He was convicted with an indefinite prison sentence.

SUMMARY, FUTURE AND CONCLUSION
Composites systems have evolved, first as a kit of parts to allow faces to be created
by police personnel in general, to computerised feature systems that construct the face in
a way that is more closely aligned to how we naturally recognise faces. Further
techniques have improved effectiveness, in particular to produce more effective internal
features. These include use of composites created from more than one witness (to allow
production of a morphed composite), application of character-based (holistic)
interviewing mnemonics, and presentation of a finished composite in such a way to
facilitate recognition (e.g., dynamic caricature or stretched composite, or selective
concealment of a facial feature). However, this approach in general does not align well
with human memory, and the performance of feature composites is usually poor when
constructed upwards of a day or two after a face has been seen. Indeed, some witnesses
are unable to describe the face of an offender in sufficient detail for a composite to be
produced—either in terms of what is allowed under UK police guidelines or what can be
achieved in practical terms.
The newer holistic systems do not rely on face recall: although, if witnesses can
describe the face, holistic interviewing mnemonics have been shown to be effective.
Instead, witnesses repeatedly choose from screens of whole faces (or whole-face
regions), with selected items combined together to essentially allow a composite to
“evolve.” These systems employ whole face (holistic) tools to manipulate the overall
appearance of the face (e.g., by age, weight, health) and shape tools to adjust the size and
position of individual features.
EvoFIT has itself evolved with the aim of producing the highest identifiable image,
to be most valuable for detecting offenders. Whole-face techniques can be combined
(holistic interviewing, external-features masking, and side-on naming) to produce
composites with high correct naming, for the first time offering an effective solution for
policing. There is evidence that another holistic system, while still not assessed properly
in the laboratory, does appear to have some utility (Frowd, Erickson, et al., 2015).
What then is the future of composite systems? The research certainly looks
promising. There appears to be mileage in combining methods to improve the accuracy of
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global information in the face. For EvoFIT, recent work involves face selection for the
upper half of the internal-features’ region. The approach is based on the importance of
the eye region for familiar face recognition (by way of example, notice the importance of
this region in the composite constructed in the Case study). It would seem that some
witnesses naturally attend to this region, while others adopt different strategies, perhaps
selecting for another feature (e.g., a nose or mouth). In Portch, Logan and Frowd (2017),
composites constructed using the gold standard after 24 hours were named at 55% correct
using a face-recall CI, external-features masking, selection for the eye region from face
arrays, and naming of faces viewed front-on. The project itself indicates that highly
identifiable composites can be created even without involving other advancements (e.g.,
the character-based interview, or techniques such as side-on viewing to facilitate
recognition). Overall, requesting a focus on the eye region benefits witnesses who may
not naturally select faces in this way, reducing individual differences and improving
identification (Fodarella et al., 2017).
Other research is considering properties of a target face. As mentioned previously,
individual differences exist in a witness’s ability to construct a composite and an
observer’s ability to name a composite. Similarly, a target may be constructed more or
less accurately (e.g., Frowd, Erickson, et al., 2015)—as such, good quality research
should take particular care when selecting materials for experimentation (Frowd et al.,
2014). In more detail, Frowd, Carson, Ness, Richardson, et al. (2005) found that more
identifiable composites were created from an unusual or distinctive face than from a more
average identity, mirroring research on distinctiveness (sometimes called memorability)
of facial photographs (e.g., Shapiro & Penrod, 1986). Recent research (manuscript under
revision) reveals that attractiveness is also important: for EvoFIT, more effective faces
resulted from targets which were perceived (by independent observers) as being low in
attractiveness. This is an ideal outcome for a criminal justice system, as offenders of
serious, violent crime may possess this level of attractiveness. The research also reveals
that faces with higher perceived trust promote more effective composites with EvoFIT, a
finding that should be valuable for construction of offenders who commit confidence
crimes. The aim here is for police to be able to use such information to gauge the
effectiveness of composites created for particular crimes.
Improving the effectiveness of a finished composite is also an active area of research,
with positive results now emerging for concealing different parts of the face. There is
progress in facilitating performance of feature systems, and more recently for artists’
sketches (e.g., Kuivaniemi-Smith, Nash, Brodie, Mahoney, & Rynn, 2014). Further
research has been assessing system performance with vulnerable witnesses and victims
(e.g., Davis, Thorniley, Gibson, & Solomon, 2015; Fodarella, Brown, Lewis, & Frowd,
2015; Frowd, Underwood, et al., 2015; Gawrylowicz, Gabbert, Carson, Lindsay, &
Hancock, 2012; Paine, Pike, Brace, & Westcott, 2008; Havard, this volume), and the
negative effects of environmental distraction (Marsh et al., 2015, 2016) and situational
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stress at encoding (Hancock, Burke, & Frowd, 2011). Recent research has also been
successful in improving identification of composites by reducing witness anxiety using a
mindfulness technique (Alexander, Hancock, & Frowd, 2017), and to counter memory
decay using an early interview protocol (Portch, Frowd, & Brown, 2017). The future of
composites looks very promising indeed, with many researchers engaging positively in a
thriving research community. Composites have an important role for policing, one that
should be even more welcome as their effectiveness continues to increase.

ANSWERS
Figure 3. The composites are of Dot Cotton (played by actress June Brown).
Figure 4. The identity is ITV Coronation Street actor Kirk Sutherland (played by
actor Andrew Whyment).
Figure 5. The composite was constructed of Scottish actor Peter Capaldi.
Figure 11. From left to right: music producer Simon Cowell, singer/songwriter
Will.i.am, English footballer John Terry, Scottish actor David Tennant, actress Whoopi
Goldberg, former US President George W. Bush and footballer David Beckham.
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ABSTRACT
Most research on eyewitness memory has focused on single-perpetrator crimes.
However, crimes to which eyewitnesses may bear testimony are often committed by
groups of perpetrators. A consequence of researching only single-perpetrator crimes is
that we know very little about how set size (i.e., the number of faces) at encoding impacts
recognition performance. We do not know much more about this question in the face
recognition literature either but the small extant literature does appear to converge on one
conclusion, namely that recognition performance is worse for larger set sizes. In the case
of eyewitness memory, the presence of multiple perpetrators poses an additional unique
question: Eyewitnesses not only need to identify perpetrators, but also need to testify to
the perpetrators’ actions. Few researchers have investigated this second aspect. In this
chapter, we review literature in the areas of face recognition and eyewitness memory to
shed light on these questions, and present two laboratory studies that test the effects of set
size on face and person recognition. Results show that recognition performance decreases
as a function of set size, but that this is differentially true for faces and roles, and is in
fact dramatically reduced when faces and roles are paired. There are serious applied
implications for this latter finding in particular.
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INTRODUCTION
There is little doubt that human beings have the ability to recognize a great many
faces, certainly in the thousands. This ability continues into old age, even for faces that
we last encountered many decades earlier (Bahrick, Bahrick, & Wittlinger, 1975).
However, most of our knowledge about face recognition capacity derives from studies of
familiar face recognition – that is, recognition of faces of people with whom we are well
acquainted and have likely encountered many times. We know much less about our
capacity to recognize relatively unfamiliar faces that we have encountered only briefly.
This distinction is important. It has a direct bearing on applied questions, specifically, the
reliability of eyewitness identifications, since eyewitnesses are almost always tasked with
identifying people they have encountered only once. The advent in the 1980s of highly
accurate DNA matching techniques for assessing circumstantial evidence of identity has
dramatically demonstrated the potential unreliability of eyewitness identifications. At the
time of writing, DNA matching has resulted in the exoneration of over 350 prisoners in
the United States since 1989, and erroneous eyewitness identification played a major role
in over 70% of these cases (Innocence Project, 2017). Psychologists have been
researching the basis for eyewitness errors, and some of this research has been important
in the revision of aspects of the US criminal justice system (e.g., Wells, 2006, but also
Clark, 2012).
But it is important to point out that research on eyewitness identification is driven by
research questions that focus almost exclusively on single-perpetrator crimes, in other
words, an identification following a simulated crime that involves encoding and
recognizing a single face. We know little about how eyewitnesses perform after
witnessing a crime committed by more than one perpetrator. Does eyewitness recognition
performance decline with increasing numbers of perpetrators? If so, what form does this
forgetting function take? The near-exclusive focus on single perpetrator crimes is
problematic, since many criminal incidents are committed by groups of two or more
perpetrators. For example, it is estimated that roughly 20% of violent crime in the U.S.
(Sourcebook of Criminal Justice Statistics, 2008) and between 46% and 70% of crimes
against minorities in the EU are committed by groups of two or more perpetrators
(European Union Agency for Fundamental Rights, 2012). Research shows that between
10% and 33% of reported rapes in the U.S. (Franklin, 2004), 23% of sexual assaults in
Australia (Australian Bureau of Statistics, 2004), 19% of rapes in Southwark in the
United Kingdom (Curran & Millie, 2003) and between 30% (Maw, 2012) and 50% of
rape cases in South Africa (Swart, Gilchrist, Butchart, Seedat, & Martin, 2000) are

Complimentary Contributor Copy

How Many Faces Can We Remember?

89

committed by multiple perpetrators. This lacuna could be addressed in part by referring to
basic research on face recognition processes, particularly the effect of (face) set size on
recognition memory, if not for the paucity of research on this topic itself. We will discuss
a few relevant studies in this chapter.
There is an additional problem when multiple perpetrators are involved, which is not
obvious in single perpetrator scenarios nor usually addressed in basic or applied research.
Eyewitness identification following a multiple-perpetrator crime is a two-stage process:
Firstly, the lineup tests the ability of the eyewitness to recognize the perpetrator (if he/she
is present, and to reject all the known incorrect options in the lineup). This is followed by
a test in which the eyewitness must recall the acts the perpetrator committed during the
crime. In a single-perpetrator scenario, an eyewitness identification of the perpetrator
implies that the identified person committed the acts in question. However, this
implication is not automatically present when an eyewitness identifies someone in a
lineup following a multiple-perpetrator crime, since the perpetrators may have committed
different actions. Therefore, the second stage has to be tested explicitly, requiring the
witness to state what action(s) the identified perpetrator committed (personal
communication, Captain K. Speed, South African Police Services, 18 September 2015).
This important question has been neglected in the literature, even though it has farreaching consequences for the criminal justice system, including i) assisting the police
investigation, ii) building a prosecutable case, and iii) passing an appropriate sentence.
The aim of this chapter is to review what is known about these questions – that is,
how set size, or number of perpetrators in a crime scenario, affects facial recognition and
eyewitness memory, and how it affects testimony about the event itself as a consequence.
There is as yet no published data on the crucial question of the effect of set size on roleperson matching, but we will present some new data that directly tests this effect.

THE EFFECT OF SET SIZE ON MEMORY RETENTION
FOR NON-FACE IMAGES
We start by considering the small literature on the impact of set size on memory for
non-face visual images. Performance on non-face visual stimulus material is a useful
baseline reference even though faces are inherently similar to one another in overall
appearance (far more so than most other sets of objects), and this may make recognition
more difficult. It is important to know whether limits for face and non-face material are
similar as a form of benchmark.
People are able to retain large numbers of non-face images in memory. In fact, when
tested on 200 non-face images in a 1965 study, participants were able to recognize
roughly 95% of these immediately afterwards (Nickerson, 1965), and even after a one
year delay recognized 30% of those items (Nickerson, 1968). These results are similar to
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those reported by Shepard (1967), who found that participants were able to recognize
97% of 612 images after a brief delay. Standing (1973) studied set size at encoding, as
well as the ‘vividness’ of images. His participants studied items in sets varying between
20 and 10,000 in size, which they had to recognize two days later. Participants studied
one of three types of items comprising words, ‘vivid images’, or ‘normal images’ (i.e.,
non-vivid, and not words). The words were randomly selected from an English
dictionary, and vivid images were images with highly distinctive features (e.g., a dog
smoking a pipe). Memory for both types of image (vivid, normal) was superior to that for
words, and this difference became more pronounced as set size increased. Estimates of
memory storage were impressive, especially for large set sizes: Participants were able to
recognize about 88% and 77% of 1000 vivid and normal images respectively, after a brief
delay, and even when set size was increased to 4,000 and 10,000 images recognition was
still high, at 62% and 66% respectively.3

MEMORIAL LIMITS FOR FACES
Does our large memory capacity for non-face visual images mean that we also have a
large capacity for human faces? A strong form of evidence would be from systematic
manipulation of set size at encoding, and measurement of its effect on recognition.
However, studies that have reported such manipulations are often hard to interpret. Most
face recognition studies that have included large set sizes at encoding have used withinparticipants designs. In fact, it is an accepted method to include many trials within such
an experiment to control for characteristics of the stimuli (e.g., distinctiveness,
attractiveness) that may affect recognition performance, and often these trials will vary
dependent on whether the target is absent or present. In contrast, most eyewitness studies
do not control for these characteristics, and have stimulus confound problems due to
using only single-target encoding (e.g., participants are tested on one target face, which
may be distinctive and which does not vary between participants). The authors of a large
meta-analysis of the face recognition literature highlight this problem – the difficulty of
interpreting and comparing studies from these two research areas - by stating that their
results are confounded by methodological problems in and across these two research
areas (Shapiro & Penrod, 1986).

3

One caveat of this research is that memory for all items, especially the much larger set sizes, .i.e. 10,000 images,
was not tested. Recognition memory was tested on a sample of items from the original encoding set, and then
memorial limits were estimated using the following formula:
Estimated memory capacity = S(T-2E)/T
The symbols, S, E, and T refer to the set size at encoding, the average number of errors at recognition, and the
number of recognition test trials respectively. However, what is assumed here is that the rate of guessing (which is
double the number of errors [2E]) is constant, and thus memory capacity is linear across set sizes. It is possible that
participants’ response patterns may change as set size increases, so that performance drops in a non-linear way.
Thus this estimated memory capacity may be inflated.
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Table 1. Characteristics and results from face recognition studies that have
manipulated set size at encoding
Load (number of faces)
Study

Podd, 1990

Metzger, 2002

Lamont et al., 2005

Materials

Photofit faces

ComPhotoFit
faces

Colour
photographs

Results

Encoding

Recognition

d’

Hit rate

FA rate

20

40

1.55 (n/a)

0.74 (n/a)

0.20 (n/a)

35

70

1.32 (n/a)

0.68 (n/a)

0.23 (n/a)

50

100

1.10 (n/a)

0.65 (n/a)

0.24 (n/a)

10

20

2.05 (0.89)

0.79 (0.13)

0.17 (0.12)

20

40

1.54 (0.72)

0.72 (0.11)

0.20 (0.10)

30

60

1.23 (0.58)

0.67 (0.11)

0.25 (0.12)

20

40

2.07 (0.96)

0.78 (0.17)

0.19 (0.14)

40

80

1.75 (0.76)

0.78 (0.13)

0.22 (0.15)

Note: d’ is a measure of discriminability; FA rate = false alarm rate; Rates are proportions, and standard
deviations are reported in parentheses.

However, there are some face recognition studies that have explicitly manipulated set
size at encoding, and in which the effect of set size seems clear. Podd (1990) was one of
the first to explicitly test the effect of memory load (or set size) at encoding by
manipulating the number of faces4 to be encoded (20, 35 or 50). Recognition
performance decreased as set size increased, which was due to a decrease in hit rate
specifically (for more detail see Table 1). Podd argued that higher set sizes could
decrease performance because of a greater load at encoding, or a greater load at
recognition. Thus, the effect may not only be due to the larger set size at encoding, but
could result from the larger number of items at test – an inevitable consequence of larger
encoding set sizes. Load at recognition does impact on performance (Shapiro & Penrod,
1986), and it is possible that performance decreases as the length of the test sequence
increases. Podd therefore employed an interesting method to control for load at
recognition and the negative impact of sequence length, by keeping the first forty items
(20 old, 20 new) at recognition constant across the various experimental groups. This
allowed him to compare the effect of set size at encoding on recognition performance
independently of set size at recognition. The results showed that there was a significant
difference in discriminability (i.e., the ability to accurately recognize old faces and reject
new faces, see Macmillan & Creelman, 2004) across set sizes. Participants performed
increasingly worse as set size at encoding increased, primarily due to a decrease in hits.
Analysis of the remaining recognition trials (i.e., those after the first 40 images) showed
little effect of sequence length: there was very little difference between performance on
the first 40 trials and the remaining trials. In another face recognition study, Metzger
4

Note that these were ‘Photofit’ faces, rather than faces of real people.
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(2002) studied groups of children, students and adults, who were randomly assigned to
three encoding groups (10, 20 or 30 composite face images). He reported three statistics:
hits, false alarms and d’ (a standard measure of discriminability). The results were clear:
d’ and hits were highest when the set size was low (10 images), but were comparable
between set sizes of 20 and 30. However, unlike Podd (1990), Metzger also found
evidence of an increased false alarm rate as a function of the increase in set size,
especially with 30 face images.
Unlike Metzger (2002) and Podd (1990), who used composite face images generated
by computer software, Lamont et al. (2005) tested the effect of set size with face images
of real people. They showed either a larger (40) or smaller (20) number of young and old
face images to young and old participants. There was a main effect of set size, whereby
d’ decreased following encoding of the larger number of faces (d’ = 2.07 versus d’ =
1.75, Cohen’s d = 0.37). This difference in discriminability was due to a significant
increase in the false alarm rate, whereas the hit rate was unaffected by memory load.
These results corroborated what seems to be a reasonable expectation, namely that
recognition performance is better for lower set sizes, and this recognition performance
appears to decrease as set size increases (although we cannot currently assess whether it
does so linearly). But unlike Podd (1990), who found a decrease in discriminability due
to a decrease in the hit rate, and Metzger (2002) who found a decrease in discriminability
due to changes in the hit rate and false alarm rate, Lamont and colleagues (2005) found a
decrease in discriminability due to an increase in the false alarm rate only.
One explanation for these discrepancies may be the manner in which Podd (1990)
coded hit rate and false alarm rate. Instead of making a binary response (Yes/No, or
Old/New), participants responded 1, 2, 3 or 4, which meant “very sure old”, “fairly sure
old”, “fairly sure new”, and “very sure new” respectively. Hit rates comprised 1 and 2
responses (i.e., “very sure old” and “fairly sure old”) for old faces, whereas false alarm
rate comprised 1 and 2 (i.e., “very sure old” and ‘”fairly sure old”) for new faces.
Another explanation could be that both Metzger (2002) and Lamont and colleagues
(2005) did not employ any delay between encoding and recognition, whereas Podd
(1990) manipulated delay so that it was either 10 minutes, one week or two weeks. It is
possible that hit rate is more sensitive to delay than false alarm rate: Perhaps delay
reduces the strength of the memory trace, thus causing participants to reject old (i.e.,
previously seen) faces. It is also worthwhile to note again that both Podd (1990) and
Metzger (2002) used artificial faces/face composites, whereas Lamont and colleagues
used real faces. While we are not able to compare the results directly or statistically, both
Podd and Metzger reported what appears to be comparable hit rates at set size 20, and set
sizes 30 and 35, whereas Lamont and colleagues reported higher hit rates at set size 20.
This could be due to stimulus difficulty – perhaps composite faces are more difficult to
discriminate?
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The detrimental presence of a second target face is not limited to studies on memory
but is also present in visual search tasks. Mestry, Menneer, Cave, Godwin and Donnelly
(2017) demonstrated that participants were slower and less accurate when they had to
search for two target faces than when they had to search for only one. This effect was
replicated across three studies that manipulated similarity between the target faces and
foils. Interestingly, participants showed a tendency to prefer one target over another in
the dual face condition – that is, participants would perform better and faster at
recognizing one of the two faces rather than performing equally well at both. This finding
is in line with the eyewitness study by Wells and Pozzulo (2006), where participants
better recognized and described one perpetrator (i.e., the accomplice) over another (i.e.,
the main assailant) in a staged crime. However, in that experiment, recognition
performance for the main assailant was at chance level (.16), whereas participants in
Mestry and colleagues’ study (2017) performed better than chance when searching for
both the preferred and non-preferred target faces in Experiments 1 and 3 in their article
(Experiment 1: 0.79 versus 0.63; Experiment 3: 0.95 versus 0.78; Chance = 0.5). As
mentioned previously, eyewitness studies (like Wells & Pozzulo, 2006) and face
recognition studies use different methods that may impact the results, and the study by
Mestry and colleagues that is reported here is a search or delayed matching task. The
difference in performance could be due to properties of the target faces (for example,
distinctiveness or criminality), or of the lineup (such as bias, or effective size, see
Malpass, Tredoux, & McQuiston-Surrett, 2007), or capacity limits of perception and
memory. Mestry and colleagues (2017) controlled for properties of the target images and
the recognition arrays by using different stimuli for each of the three experiments, and
employed a repeated-measures design with roughly 250 trials. Thus, their findings may
be due to capacity limits of visual working memory rather than the former explanations,
such as properties of the face, or lineup, or experimental artefact.
There are thus only a few studies that have a direct bearing on the question of set size
and its effect on face recognition, but they do show the expected negative effect of
increasing load as seen in the face recognition literature. It is not clear whether increasing
set size drives down recognition performance through decreasing hits or increasing false
alarms. Most pertinent for present concerns may be the absence of information in these
studies about memory for face-connected attributes, such as roles, attributes, or actions.
For this reason, we ran an experiment that tested the effects of set size on face and
role / attribute recognition, with 70 participants from the University of Cape Town
(Nortje, Tredoux, & Vredeveldt, 2015). Participants studied either one, two, three, five,
ten, fifteen or thirty faces, and corresponding attributes, on which they were subsequently
tested following a negligible delay (roughly 90 seconds). Each attribute was one
sentence, with a maximum of 10 words - for example “He makes his own beer” or “He
hates raisins”. Each face was shown alone for three seconds, then accompanied by an
attribute that appeared below it for three seconds, and then the attribute appeared alone
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for three seconds. Following a distractor task, participants completed three types of tests:
face recognition, attribute recognition, and face-attribute pairing.

Figure 1. Hits and false alarms as a function of Set Size, for three types of encoding material. The
shaded areas are 95% confidence intervals. Curves are LOESS non-parametric, with span = 1.3. In
these graphs, ‘Facts’ refers to the attribute, and ‘Match’ refers to the face-attribute pairing.

Figure 1 shows the hit and false alarm rate for faces, attributes, and pairings across
set size. For present purposes, the most interesting result was that there was a significant
interaction between Set Size and the Type of Test, for both hit rate, F(10.528, 110.539) =
46.46, p < .001, ƞ2𝑝 = .816, and false alarm rate, F(12, 126) = 40.685, p < .001, ƞ2𝑝 = .795.
The nature of these interactions can be understood by examining Figure 1. The proportion
of hits decreases across Set Size for all three Types of Test, but the rate of decrease is
much greater for face-attribute pairing than for the two other Types of Test. A similar
pattern (but in the opposite direction) is true for false alarms: the proportion of false
alarms increase across Set Size for all three types of test, but more so for the faceattribute pairing.

EYEWITNESS STUDIES: MANIPULATING SET SIZE AT ENCODING
An important applied domain of the theoretical question about the effect of set size is
eyewitness memory for multiple-perpetrator crimes. In such an event, a witness observes
a crime that is committed by more than one person (i.e., a perpetrator). This is a complex
visual scenario where each perpetrator may perform a different action (e.g., drawing a
weapon) and voice a different command (e.g., demand a bag, or threaten the victim). It is
vital that eyewitnesses are able to recall the event successfully in their statement to the
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police, which may in turn lead to their participating in an identification parade. Until
recently, most eyewitness studies assessed memory for staged crimes enacted by a single
perpetrator. There is now a growing interest in multiple perpetrator crimes. Despite this
interest, there are fewer than 15 articles on this topic (see Table 2). In the bulk of these
studies, recognition memory was tested with an identification task, and role recognition
was tested in only one study.
Table 2. Results of studies that tested eyewitness memory for multiple perpetrators
(with lineups)
Load
Study
Egan, Pittner, &
Goldstein, 1977

Total sample
size e

Encoding

Test

Lineups

Lineup Size

Hits

FAs

86

2

1

TP

5

0.91

-

60

1b

1 MA

TP

10

0.35

-

b

1 MA

TP

10

0.3

-

5b

1 MA

TP

10

0.15

-

Clifford & Hollin,
1981

3

Shepard, 1983
(Experiment 4)

n/a

2

1

TP/TA a c

9 (1 target)

0.3

0.52

Schiff, Banka, & de
Bordes Galdi, 1986

84

6b

6

TP only a c

18

0.65

0.35 d

Jacob, 1994

144

3

3

TP/TA a c

6 (sim.)
vs 18 (seq.)

0.34

0.13

0.17

0.17

3

3

TP/TA a c

18 (sim.)
vs 6 (seq.)

2

1

TP/TA a c

10 (2 targets)

0.3

0.52

3

3

TP/TA a c

18

0.39

0.13

1

1

TP/TA

10

0.6

0.24

2

1

TP/TA

10

0.34

0.23

20

2

1

TP/TA

10

0.37

32.6

150

2b

1 MA

TP/TA a

6

0.16

0.41

1 Accomplice

TP/TA a

6

0.28

0.41

Vanderwal, 1996

144

Laldin, 1997

168

Megreya & Burton,
2006 (Experiment 1)
Megreya & Burton,
2006 (Experiment 2)
Wells & Pozzulo,
2006

2

Hobson & Wilcock,
2011
Megreya &
Bindemann, 2011

20

b

72

3b

3

TP/TA a

9

0.51

0.41

534

1b

1 MA

TP/TA

10

0.54

0.36

2b

1 MA

TP/TA

10

0.29

0.38

Note. Role accuracy is not reported in this table and standard deviations are not available. MA denotes
‘Main Assailant’. For example, Clifford and Hollin (1981) tested for the main assailant.
a
These studies tested recognition for all targets that appeared at encoding.
b
These studies assigned roles to the targets at encoding.
c
These studies included all the suspects in one lineup, rather than one suspect per lineup.
d
The authors report ‘misses’ (i.e., foil identifications in a target-present lineup) as false alarms.
e
The sample sizes reported here are for the entire study, and are not the experimental cell sizes. It was
not possible to reliably estimate the cell sizes as the proportions here have been averaged across
experimental conditions.
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An early study by Clifford and Hollin (1981) showed that eyewitness recognition
accuracy decreases as set size increases. Participants viewed a simulated crime that was
committed by one, three, or five perpetrators, and were then tested for their recognition of
the main assailant from a ten-person, target-present, simultaneous lineup. Recognition
performance in the one and three perpetrator conditions was significantly better than
chance (35% and 30% respectively vs. 16.67%), but performance in the five-perpetrator
condition was not (15%).
This pattern is what one would expect, given work reviewed earlier on face and
image recognition, but there are some important nuances. Interestingly, recognition
performance is compromised even if the (multiple) perpetrators are perceptually and
obviously different from one another. Megreya and Bindemann (2011) showed
participants a video of a crime committed by either one or two perpetrators, who were
either of the same sex (two men or two women) or not (one woman and one man). The
authors initially hypothesized that participants who encoded perpetrators of a different
sex were less likely to confuse the perpetrators with one another. Their results, however,
did not show this: Participants in the single-perpetrator condition outperformed
participants in the two-perpetrator condition (54% versus 29% respectively), and the
gender of the perpetrators made no difference (two same-sex perpetrators: 28.9% versus
two opposite-sex perpetrators: 29.4%). One could argue that this poor performance might
be due to divided attention: participants performed poorly because they had to process
both perpetrators simultaneously within a limited period of time. However, Megreya and
Burton (2006) demonstrated that performance was poor following the encoding of two
faces even when participants were given unlimited time to study them. This poor
performance persisted throughout various experiments – even when participants were
warned that they would have to recognize the target face later, and when they knew that
the target would be absent from some of the lineups. Overall, recognition performance
following encoding of two faces was worse than following encoding of one face only
(34% versus 59.5% respectively).

EYEWITNESS STUDIES: DOES LINEUP TYPE IMPACT ACCURACY
FOR MULTIPLE PERPETRATORS?
Perhaps the poor performance of eyewitnesses who attempt to identify multiple
perpetrators could be attributed to the type of recognition test. For example, eyewitnesses
may perform worse when presented with a simultaneous lineup instead of a sequential
lineup, or eyewitnesses may perform better if they view one large parade rather than
many smaller parades.
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Table 3. Procedure and results from three unpublished studies comparing
simultaneous and sequential lineup presentations

Simultaneous
Study

Description

Three
simultaneous sixJacob, 1994
person, TP/TA
lineups.
Vanderwal, One 18-person
1996
TP/TA lineup.
Six sets of three
photographs,
Laldin, 1997
TP/TA
presented
simultaneous

Sequential

HR

FA

Description

HR

FA

0.47

0.11

One 18-person
TP/TA lineup

0.29

0.08

0.19

0.07

Three TP/TA
lineups

0.14

0.27

0.19

Six sets of three
photographs,
TP/TA
presented
sequentially

0.26

0.02

0.5

Note. FA rate = False alarm rate; HR are hit rates. These proportions are the averaged hit rate and false
alarm rate presented in the three studies. TP and TA lineups consist of a combination of zero, one, two,
or three target-suspect combinations.

Three unpublished papers from RCL Lindsay’s research laboratory at Queen’s
University5 examined the differences between eyewitness identifications using sequential
and simultaneous lineups (Jacob, 1994; Laldin, 1997; Vanderwal, 1996; see Table 3). All
three studies used the same materials: a 45-second encoding video that depicted a crime
committed by three perpetrators who steal a woman’s purse, and lineups containing the
same foils, innocent suspects, and perpetrators. The overall results were somewhat
conflicting: False alarm rate was lower following sequential presentation than the
simultaneous presentation of photographs, but hit rate was also lower following a
sequential presentation (Jacob, 1994; Laldin, 1997). This is the typical pattern observed
for sequential lineups: witnesses make more conservative decisions, which is associated
with a decrease in both hits and false alarms (Clark, 2012). However, this pattern was
partially-reversed in a third study (Vanderwal, 1996), in which hit rate was again lower
for sequential lineups, but false alarm rate was higher.
Wells and Pozzulo (2006) compared three different lineup methods to determine how
eyewitness recognition of multiple perpetrators is affected. Their participants watched a
video of a staged mugging committed by two perpetrators, who were designated main
assailant and accomplice, and then viewed one of three types of lineups for both targets:
Two six-person target-present or target-absent simultaneous lineups, two six-person
target-present or target-absent sequential lineups, or six two-person lineups consisting of
a pair of foils (or one foil and one target, but never two targets). There was no difference
5

http://www.queensu.ca/psychology/People/Faculty/Roderick-Lindsay.html.
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in hit rate among the three lineups formats, but participants were more likely to correctly
reject the two-person paired target-absent parades for the accomplice and the main
assailant. However, it is difficult to interpret these results without some measure of
choosing bias (i.e., c, a measure of response bias; Macmillan & Creelman, 2004)
A common practice in multiple perpetrator research is to manipulate the number of
perpetrators at encoding, but test recognition memory for only one target (see Table 2).
This provides an incomplete picture: Is recognition poor because of the set size, or
because of some attribute (e.g., distinctiveness) of the target? That is, participants may
have encoded one of the perpetrators who is not presented at test. In fact, only three
published studies have tested memory for all the perpetrators in the witnessed event (see
Table 2) but the decline in performance with increasing number of perpetrators is
remarkable: Only one of 41 participants (Shepherd, 1983), eight of 75 participants (Wells
& Pozzulo, 2006), and eight of 72 participants (Hobson & Wilcock, 2011), could
accurately identify all perpetrators. In summary, this literature shows that recognition
accuracy decreases as set size increases, and this is most striking when participants are
tested for all the perpetrators, with accuracy levels (i.e., identifying all perpetrators
correctly) ranging from 2% to 11%.

EYEWITNESS STUDIES: ROLE IDENTIFICATION
Only one multiple-perpetrator eyewitness study tested for role identification of the
perpetrators. Hobson and Wilcock (2011) provided two different types of lineup
instructions to their participants prior to viewing the lineup. The first type of instruction
was to ‘reflect’ on the role that the perpetrator had performed while making their
identification decision. The second type of instruction constituted ‘general’ lineup
instructions that did not refer to the role of the perpetrator. After making an identification,
all participants were asked to identify the role the perpetrator played in the witnessed
event. The results showed that i) the different instructions did not affect identification
accuracy, but ii) participants were better overall at recalling the roles of the perpetrators
when given the ‘reflection’ instructions. Overall, the average role recall performance for
the ‘reflection’ and the ‘general’ instructions groups was 69.3% and 30.3% respectively.
It is still unclear how role identification is impacted by the number of perpetrators.
Hobson and Wilcock’s results are promising as they suggest that role identification can
be improved through lineup instructions. However, their study did not include a baseline
one-perpetrator condition, and set size was not manipulated. Therefore, this study does
not provide insight into the impact of set size on role identification.
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Figure 2. Proportion correct as a function of Set Size, for three types of recognition tests. The shaded
areas are 95% confidence intervals. Curves are LOESS non-parametric, with span = 1.3.

The importance of this question - about how our ability to pair faces and roles is
affected by set size – is quite pronounced for applied research such as eyewitness
memory, and there is little relevant data (besides the research from Nortje et al., 2015,
and results reported by Hobson and Wilcock, 2011) to help us answer it. As we argued
earlier, a unique problem for multiple perpetrator facial recognition, particularly in
applied settings, is that the eyewitness’ memory must be further tested by asking the
witness to declare the role of the person they have identified (e.g., what they did, or what
they said). There is some research that suggests that eyewitnesses may find it difficult to
do this: Police officers in England, Wales and Northern Ireland report that eyewitnesses
who had made multiple identifications would, after making their identification, often
provide information about the role of that perpetrator that contradicted the information in
their previous statement (Hobson, Wilcock, & Valentine, 2012). It is often not possible
for police officers to verify this information, and these disparities could reduce the
perceived reliability of an eyewitness (Brewer, Potter, Fisher, Bond, & Luszcz, 1999).
We are able to report some original data here that examines eyewitness memory for
faces and roles as a function of set size. We recruited 200 participants from the
University of Cape Town, who watched a staged theft in a computer lab committed by
either one, two, three, five, or ten perpetrators (Nortje, Deglon, Tredoux, & Vredeveldt,
2016). Following a delay of roughly 30 minutes, participants viewed as many lineups as
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there were perpetrators and had to make lineup decisions for each. Lineup sequences
were a combination of target-present and -absent lineups. Participants made a lineup
decision, and if this decision was a positive identification, they then attempted to recall
the role performed by the identified target.
The results from this eyewitness study corroborate the findings of the facial
recognition study discussed earlier (Nortje et al., 2015): Recognition performance
decreased as the number of perpetrators increased, but decreased especially quickly when
trying to link perpetrators to roles (see Figure 2). There was a significant main effect for
the Type of Test, 𝐹(1.339, 242.281) = 80.728, 𝑝 < .001, ŋ2𝑝 = .308. Overall, participants
performed better at the Role Recall (M = .53, 95% CI [.48, .58], SD = .334) than at the
Lineup Identifications (M = .31, 95% CI [.25, .36], SD = .37), but performed better at
Lineup Identifications than at correctly recalling the Role for that target (i.e., Pairing)
(M = .21, 95% CI [.16, .26], SD = .34). Mean percentage accuracy was significantly
different between Identifications and Roles, F(1, 181) = 51.193, p < .001, ŋ2𝑝 = .220, and
between Lineup Identifications and Pairings, F(1, 181) = 30.615, p < .001, ŋ2𝑝 = .145.
There was also a significant interaction between the Type of Test and Set Size, F(5.354,
242.281) = 5.426, p < .001, ŋ2𝑝 = .107. This interaction can be seen in Figure 2: The
proportion of correct responses decreased in all three Tests as Set Size increased, but the
rate at which this proportion decreased was different for the three tests. Participants
performed quite well at Role identification for small Set Sizes, but this performance
dropped precipitously as Set Size increased. Proportion correct for Lineup Identifications
and Pairings were similar for small Set Sizes, but Pairings appeared to decrease more
quickly than Lineup Identifications as Set Size increased. Thus, for small Set Sizes,
participants performed better at Role Recall than at Lineup identifications and Pairings,
but performance for all three tests dropped as Set Size increased, with the most notable
decrease for Role Recall.
These results corroborate and extend those found in previous research (Nortje et al.,
2015): Memory for faces and actions (or roles) is impaired by an increasing set size, and
the pairing of faces to their respective associated actions remains the lowest performance
and is most affected by increasing set sizes. These results suggest that eyewitnesses will
perform worse at identification tasks if the crime was committed by an increasing number
of perpetrators. More concerning is that the ability of eyewitnesses to link criminal
actions to perpetrators will be significantly impaired as the number of perpetrators
increases, which can have serious repercussions for police investigations, and eyewitness
identification.
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CONCLUSION
Our aim in this chapter was to review the evidence on how set size affects person and
role recognition, in both the face-recognition and eyewitness-identification literatures.
Face recognition researchers have on occasion investigated large set sizes, but have rarely
manipulated set size systematically. The few studies that have done this – in both face
recognition and eyewitness memory research – show consistent results: Recognition of
briefly encountered faces drops considerably as set size increases.
There is as yet no published evidence on the critical question of pairing previously
seen faces (or people) with their associated roles or actions, but we reported results from
two recently conducted studies that investigated this. The findings from both studies
show that memory for previously seen faces is impaired by the number of faces encoded.
What our study (Nortje et al., 2015) shows in particular is concerning, and more so
perhaps than the suppression of face recognition memory performance by increasing set
size: Participants in our studies showed a particular inability to correctly pair or ‘bind’
faces they had seen with attributes they had learnt about the faces in question, despite
being able to recognize these two things independently. This disjunction became
increasingly evident with larger set sizes.
This is of considerable concern in practice, due to the prevalence of multiple
perpetrator crimes. Eyewitnesses provide testimony about such crimes, and our data
suggests that i) these eyewitnesses will show diminished recognition performance as the
number of perpetrators increases, and ii) they will struggle to accurately recall what the
perpetrators did in the crime. This effect is not buttressed by accurate identifications:
Even if the eyewitness is able to make a correct identification, this does not necessarily
mean that their testimony about what that perpetrator did is also accurate. The
consequences of inaccurate perpetrator recognition and incorrect testimony about the
actions of each perpetrator could impede police investigations, and could lead
prosecutors, judges and juries to consider the eyewitness’ memory unreliable. Moreover,
sentencing is dependent on role recollection: Perpetrators who were less directly involved
in the crime may receive reduced sentences. Therefore it is vital that actions are correctly
attributed to perpetrators to ensure fair sentences.
In conclusion, the effect of set size on face memory is strong, with serious applied
consequences. These consequences appear to be more profound than merely suppressing
face recognition memory – eyewitnesses who see multiple perpetrators may be
particularly prone to confusing perpetrator identities and roles. Extra caution is urged
when eyewitnesses give testimony about events involving multiple perpetrators.
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HOW CHOICE BLINDNESS CAN HELP US
UNDERSTAND FACE RECOGNITION
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ABSTRACT
How people recognise unfamiliar faces has puzzled cognitive psychologists for
decades. Ample evidence suggests that effective face recognition requires good
perceptual and memory skills. One needs to be capable of extracting information about
facial identity and recall this information when required to recognize a face. However,
choice blindness, the phenomenon that describes the inability to detect surreptitious
changes in the outcome of one’s decisions, calls the view that perception and memory
alone are sufficient for successful recognition of unfamiliar faces into question. As this
chapter will demonstrate, eyewitnesses often fail to notice changes in the outcome of
their face recognition and identification decisions, albeit having sufficient memory
resources. Drawing from the choice blindness literature, we conclude that metacognition
is a contributing factor in unfamiliar face recognition.
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INTRODUCTION
Face recognition appears effortless, yet it is arguably one of the most complex tasks
people are able to perform. Naturally, many models have been proposed to explain the
processes that are involved in the perception and the recognition of faces (Bruce &
Young, 1986; Burton, Jenkins, Hancock, & White, 2005; Clutterbuck & Johnston, 2002,
2005). Currently, much of the accumulated evidence suggests that face recognition is
primarily a bottom-up process. First, visual-sensory input is used to produce an internal
representation of the face. Then, during recognition, this representation is compared with
various candidate representations of faces to signal a match. A successful match is
signalled to the cognitive system when sufficient correspondence has been achieved (for
a review see De Haan, 2001; Palermo & Rhodes, 2007). Few, if any, of the existing
models consider metacognition as a factor that may shape face perception and affect
subsequent face recognition attempts.
In this chapter, we assert that the face recognition literature should consider the role
of metacognition in face perception. We demonstrate that eyewitnesses often fail to
notice changes in the outcome of their face recognition and identification decisions, albeit
having sufficient memory resources. This effect is known as choice blindness. We
provide evidence suggesting that the acceptance of this type of facial identity change can
affect subsequent recognition attempts, not because of lacking memory resources but
because participants come to believe that the non-chosen face had been their original
choice.
The first part of this chapter provides a brief overview of findings on choice
blindness for preferential choices with a focus on judgements of facial attractiveness.
This is followed by a discussion of the application of the choice blindness paradigm in
the field of eyewitness face recognition and identification decisions. We demonstrate that
face recognition decisions are malleable and easily shaped by simple choice blindness
manipulations. Consequently, we discuss potential mechanisms of choice blindness
concentrating on those that originate from or are relevant for the face recognition
literature. Through this discussion, we aspire to show that metacognition is a contributing
factor that deserves consideration in contemporary models of face recognition. In the
final part of this chapter we consider the relevance of the choice blindness paradigm for
the legal setting.

CHOICE BLINDNESS
Choice blindness refers to the difficulty people have in detecting covert changes in
the outcome of a choice they previously made and their tendency to justify choices they
never made. In a first demonstration of the phenomenon, Johansson, Hall, Sikström, and
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Olsson (2005) presented participants with pairs of images of female faces and asked them
to choose which face in each pair they found more attractive. Then the experimenter put
the images face-down and slid the selected image face to the participant. The participant
picked the slid image up and described the reasons for having chosen that face. However,
in some of the trials, the experimenter used a sleight of hand magic card trick and passed
the rejected face on to the participant. Hence, participants actually ended up with the nonchosen face. In the overwhelming majority of trials (75%) participants were willing to
endorse the originally rejected face; thus appearing blind to the manipulation. When
asked to explain the reasons behind their choice, participants often referred to unique
features of the manipulated face which, strikingly, had not been present in the chosen
person, such as blond hair when the actually chosen person had dark hair (Johansson,
Hall, Sikström, Tärning, & Lind, 2006). Interestingly, when participants were given a
description of the procedure (prior to the debriefing) and were asked whether they would
have noticed such choice manipulations, the vast majority of them were confident that
they would have done so. This effect is dubbed choice blindness blindness.
Following the original demonstration, choice blindness has been replicated with male
and female faces in live (Johansson et al., 2006) and onscreen interactions (Johansson,
Hall, & Sikström, 2008). In later years, choice blindness has been demonstrated in all
different modalities. Hall, Johansson, Tärning, Sikström, and Deutgen (2010) showed the
effect for olfactory and gustatory stimuli in live interaction with supermarket customers.
Steenfeldt-Kristensen and Thornton (2013) established choice blindness for tactile stimuli
and haptic object recognition. Sauerland, Sagana, and Otgaar (2013) demonstrated that
choice blindness extends to auditory stimuli; findings which have been extended further
in the linguistic domain with spoken decisions (Lind, Hall, Breidegard, Balkenius, &
Johansson, 2014). Furthermore, recent studies have broadened the application of the
choice blindness paradigm in the context of attitude formation and moral sentiment
(Johansson, Hall, & Chater, 2012), political preferences (Hall et al., 2013), norm
violating behaviours (Sauerland, Schell-Leugers, & Sagana, 2015; Sauerland, Schell, et
al., 2013) and suspects’ alibis (Sauerland, Mehlkopf, Krix, & Sagana, 2016) with striking
results. For instance, Hall et al. (2013) who changed participants’ voting intentions for
the opposite of a previously stated voting intention, reported that about 80% of the
manipulations remained undetected. Likewise, Sauerland and colleagues (2013, 2015)
manipulated the frequency with which participants reported to have committed certain
transgressions. Participants were blind to up to 40% of these alterations. Additionally,
Sauerland et al. (2016) found that participants were largely blind (range 64-99%) to
alterations in the content of their alibis when interviewed a few days following their
original alibi statements. Together, these studies suggest that choice blindness can occur
for a wide variety of stimuli and decisions, including those that are important and highly
self-relevant.
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Apart from the immediate impact of choice blindness, accumulating evidence
indicates that the effect may continue to influence perception and decision-making
beyond the time of the initial manipulation. For example, Johansson, Hall, Tärning,
Sikström, and Chater (2014) observed that when participants had to indicate their
preference concerning the attractiveness of two faces again in a second round directly
following the first, the initially rejected faces were chosen more frequently and the
perceived attractiveness of these faces increased in the second selection round (for a
replication see Taya, Gupta, Farber, & Mullette-Gillman, 2014). Similarly, Merckelbach,
Jelicic, and Pieters (2011) found that participants not only failed to detect mismatches in
the intensity of their psychological symptoms but were also more likely to report
increased symptom ratings at a re-test one week later. Likewise, Sauerland, Schell, et al.
(2013) described that participants who failed to notice manipulations on how often they
had committed certain norm-violating behaviours tended to modify their ratings in a way
that was mostly consistent with the manipulation four weeks after an initial interview.
The realization that decisions are sensitive to simple manipulations may surprise
researchers because it is accompanied with questions about the limits of people’s
perceptual and decision-making abilities. Above all, choice blindness is a dramatic
manifestation of human fallibility across a wide range of cognitive domains. This makes
the choice blindness paradigm an effective tool in understanding human perception in
general.

CHOICE BLINDNESS FOR FACE RECOGNITION
In parallel with the expansion of the choice blindness paradigm to various evaluative
decisions, we were interested in its application to the field of face recognition and
identification decisions. We aimed to examine whether choice blindness is relevant for
decisions about the identity of a suspect following a crime. That is, whether eyewitnesses
would realize that an originally recognized face had been swapped. Although this line of
work was not aimed at investigating face recognition per se, we believe that it can shed
light on factors that are related to face recognition. More specifically, the inability to
detect a manipulation might reflect the conditions under which face perception and
recognition fail. Here, we aspire to demonstrate that the choice blindness paradigm is a
useful tool for studying (the limits of) face recognition.
The first systematic study of choice blindness manipulations for recognition
decisions tested whether and under which conditions blindness phenomena occur in the
eyewitness setting (Sagana, Sauerland, & Merckelbach, 2014b). At first, we approached
the possibility that blindness phenomena would transfer to recognition tasks with
scepticism. This was because in choice blindness for recognition decisions, the change in
the outcome goes beyond the abstract character of preferential choices. The change takes
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place at the observable, visible level and more specifically with regard to the features of a
previously studied face. In other words, recognition decisions are absolute in nature (i.e.,
correct or incorrect) while preferential choices are evaluative and might change
depending on mood or context (Loewenstein & Small, 2007). For these reasons,
preferential choices may be more susceptible to choice-blindness manipulations than face
recognition decisions. This hypothesis was tested in a series of experiments where
participants first watched a number of mock crime videos and then identified the targets
from simultaneous target-present photo-arrays. Following each forced-choice recognition
decision, participants were confronted with the identified face and were asked to provide
reasons for their decision. On some of the trials, however, participants were confronted
with an originally non-chosen face from the photo-array. When the confrontation with the
manipulated outcome occurred shortly after the identification, participants failed to
immediately detect (i.e., concurrent blindness) the manipulations at a rate of 32-35%
(Experiments 2a-c). After participants had been informed about the possibility of a
manipulation (i.e., in retrospect) blindness rates were virtually non-existent. When a 48hr
interval was inserted between the identification and the confrontation with the
manipulated outcome, blindness rates rose to 68% concurrently and to 39% in retrospect
(Experiment 3). In this line of research, we established that blindness phenomena are
pertinent to face recognition decisions.
To confirm the occurrence of the effect under naturalistic encoding conditions, two
additional experiments employing a field study methodology were conducted. Using
staged neutral (Sagana, Sauerland, & Merckelbach, 2013) and crime-related events
(Sagana, Sauerland, & Merckelbach, 2015a), we replicated the laboratory findings
demonstrating that blindness for identification decisions can occur at an alarmingly high
level in real life settings (41-69%), even when the manipulation occurred minutes
following the identification. Recently, Cochran, Greenspan, Bogart, and Loftus (2016)
replicated these findings with similar blindness rates. Furthermore, they demonstrated
that, compared to detectors, participants who were blind to the manipulation were more
likely to change their identification decision in the direction of the manipulation when
asked to perform the identification task a second time. Considering all this evidence our
concerns regarding the extension of choice blindness for recognition decisions dissipated
rapidly. Importantly, these results show that recognition decisions are susceptible to
simple manipulations and therefore imply that our representations of unfamiliar faces
may be even more fragile than originally thought.
Apart from establishing blindness phenomena in a naturalistic setting, our field study
findings (Sagana et al., 2013) showed that high similarity between the originally chosen
and the manipulated face increases blindness rates (but see Johansson et al., 2005). This
may be because the early mental representations of unfamiliar faces are too crude to
capture small differences between faces. In line with this view are also the findings
emerging from the application of the choice blindness paradigm to cross-race

Complimentary Contributor Copy

110

Anna Sagana and Melanie Sauerland

identification decisions (Sagana, Sauerland, & Merckelbach, 2015b). Specifically,
participants who made other-race identifications were more likely to be blind to the
change in the identity of the originally chosen face than participants who made own-race
identifications. Because the ability to distinguish the facial features that are diagnostic for
recognition is inherently difficult for other-race faces (Michel, Corneille, & Rossion,
2007; Rhodes et al., 2009; Valentine, 2001), it can be reasoned that the early mental
representations of other-race faces would be less specific than those of own-race faces.
This may in turn hinder the detection of a manipulation. Taken together, these discoveries
speak to the limited ability of people to account for between-face variability among
unfamiliar faces and put forward the idea that choice blindness could be a useful
paradigm for the study of face recognition.
Recently, we extended the application of the choice blindness paradigm to an area of
cognition research that does not require explicit face recognition, namely unfamiliar face
matching. More specifically, we examined the pliability of face identity judgements by
combining a face sorting task with blindness manipulations (Sauerland et al., 2014).
Participants first had to sort facial images by identity, such that images of the same
person were grouped together. Then the experimenter extracted image pairs that were
grouped either together or apart and asked the participants to justify their grouping
decisions. On manipulated trials, however, the presented pairings were different from
those the participants had actually produced. Blindness rates for these identity
manipulations were strikingly high (up to 77%). Interestingly, the justiﬁcations for
identity decisions that participants had not made typically referred to speciﬁc facial
features (for similar findings see Johansson et al., 2006). This latter finding underscores
the fragile insight in our own judgements about other people’s faces. Furthermore, we
found that high confidence in one’s matching decision was associated with low
prevalence of choice blindness. Similar findings have been reported for recognition
decisions (Sagana et al., 2013). This suggests that the trust one puts in the ability to
match the faces might determine how flexible one’s criterion is when accepting withinface variation (Sauerland et al., 2014). Hence, the low confidence in one’s own face
matching ability might result in a greater willingness to accept variations in the facial
characteristics, without doubting the identity of the depicted person.
Apart from demonstrating that blindness phenomena are relevant for recognition and
identification decisions, this line of work also raises questions about the role of memory
strength for blindness to occur. Memory strength in this setting can be approximated by
recognition accuracy. Our laboratory studies, where recognition accuracy was the
highest, revealed no meaningful effect of recognition accuracy on concurrent and
retrospective blindness rates (Sagana et al., 2014b; Sagana et al., 2015b). However, in our
first field study accurate recognition decisions were associated with lower retrospective,
but not concurrent blindness rates, compared to inaccurate ones (Sagana et al., 2013). A
different picture emerged from our second field study. Although accuracy rates were
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comparable to the earlier field study, participants who made accurate positive
identification decisions displayed higher concurrent, but not retrospective, blindness than
participants who made an inaccurate positive identification (Sagana et al., 2015a).
Together with the finding that participants are capable of remembering their choices with
precision when requested to do so, even when they had failed to notice the manipulation
(Sagana, Sauerland, & Merckelbach, 2014a), these results led us to believe that memory
strength is insufficient for explaining blindness phenomena. Further support for this
position comes from work investigating recognition and source memory for preferential
choices. Pärnamets, Hall, and Johansson (2015) found that participants’ face recognition
accuracy, tested following a choice blindness manipulation, did not differ between
detected and non-detected trials. When participants were asked to make a recognition
decision between a previously presented and a new face (i.e., a morph between one of the
previously presented faces and a non-presented face), the accuracy did not differ between
detected (96.3%) and not-detected trials (95.9%). Nevertheless, participants’ ability to
classify a correctly recognised face as the one they had or had not chosen was decreased
for non-detected compared to detected trials. That is, participants blind to the
manipulation misattributed the non-chosen face as chosen when asked to indicate if the
recognised face was also the chosen one. The authors interpreted these findings as
evidence for a differential distortion between face recognition and the ability to correctly
attribute the source of a memory as a result of choice blindness manipulations. In other
words, the inability to detect a swap between identities might reflect errors in determining
the source of a memory rather than problems with the representation and preservation of
facial features.

CHOICE BLINDNESS IN VIEW OF FACE PROCESSING
The notion of a differential effect of choice blindness on face recognition and source
memory (Pärnamets et al., 2015) is important because it alludes to the mechanism(s)
underlying choice blindness. To be clear, the exact mechanisms underlying the effect are
not yet known. So far, only a few studies have focused on the forces driving choice
blindness. Consequently, many of the explanations offered here are primarily conjectural
and have not yet been tested empirically. We will concentrate on mechanisms that
originate from or are relevant for the face recognition literature.
From a perceptual point of view, successful face recognition requires a face to be
coded in abstract face representations that are freed from surface appearance and qualities
such as pose, expression or context (Bruce & Young, 1986; Burton, Bruce, & Hancock,
1999; Johnston & Edmonds, 2009). The aptitude to process a face in some abstract
manner that eliminates information irrelevant to its identity increases with exposure to
different instances of the same face (Burton et al., 2005; Burton, Jenkins, &
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Schweinberger, 2011; Jenkins & Burton, 2008). Accordingly, the robustness of familiar
face recognition is theorized to be the result of abstract facial representations that develop
over time and through exposure from different angles and contexts (Burton et al., 2005;
Burton et al., 2011). Likewise, the struggle to recognise unfamiliar faces is considered by
many to originate from the fact that these faces are processed in more image-specific,
rather than identity-specific ways (a literature review on this issue is beyond the scope of
this chapter, for an extensive review see Burton et al., 2011). Relatedly, a large body of
research has demonstrated that within-face variability poses a problem for unfamiliar face
recognition, as showcased in people classifying two pictures of the same face as different
persons (Burton et al., 2011; Jenkins, White, Van Montfort, & Burton, 2011; Johnston &
Bindemann, 2013; Megreya, Sandford, & Burton, 2013). The latter implies that in order
to be able to recognize a face successfully, one needs to learn how facial appearance
varies. Drawing on this evidence, we suggest that choice blindness for faces might derive
from participants’ limited representation of the presented faces, because they are
provided with only one or few photographs or short videos of unfamiliar faces.
Consequently, the confrontation with the non-chosen face may be interpreted as another
variant of the originally chosen face. Findings showing higher blindness rates for highly
similar faces (Sagana et al., 2013) and for other-race identifications (Sagana et al., 2015b)
support this view. The situation may be aggravated further by the fact that people have
limited insight into their ability to recognise unfamiliar faces (Bindemann, Attard, &
Johnston, 2014) as they lack the markers that could signal the discrepancy between the
chosen and the non-chosen face.
Apart from the perceptual aspects (i.e., visual sensory input), cognitive aspects are
also important for successful recognition (Burton et al., 1999; Hancock, Bruce, & Burton,
2000). These aspects focus on how we store and retrieve information of an individual’s
facial appearance. Specifically, to make an identification a decision-making mechanism
needs to be activated. The activation signals the degree of resemblance between the seen
face and the stored representation in order to deem a person as familiar or unfamiliar
(Bruce & Young, 1986; Burton et al., 1999; Hay, Young, & Ellis, 1991)6. Hay et al.
(1991) argued that this decision mechanism needs to be flexible and tolerate some degree
of mismatch to accommodate for poor view of a face or natural changes in appearance.
Participants in choice blindness experiments are often accurate in their identification
decisions (though accuracy depends on the difficulty of the task) and are able to
6

This interpretation comes close to the monitoring and control framework of Koriat and Goldsmith (1996), which
posits that people invoke monitoring and control processes to obstruct potentially wrong information. The
model includes a monitoring process that assesses the correctness and informativeness of the potential
response and a control mechanism that determines whether to volunteer the best candidate answer through the
regulation of precision and coarseness of the information (Goldsmith, Koriat, & Weinberg-Eliezer, 2002;
Koriat & Goldsmith, 1996). That is, witnesses first retrieve a very informative and detailed candidate answer
from memory. Then, the individual’s feeling of rightness (i.e., confidence in the likely accuracy) of the
candidate answer is assessed and is finally tested against a criterion value. If confidence exceeds the criterion,
the detailed answer is volunteered; otherwise, a less detailed and relatively coarse answer is retrieved from
memory, and the monitoring and control processes are repeated.
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discriminate between old and new stimuli (Pärnamets et al., 2015). These findings
suggest that participants possess those perceptual elements that are necessary for the
identification. Accordingly, we can infer that blindness may be the result of a failure at
the cognitive level when determining whether the degree of resemblance is sufficient to
signal a match.
Within this context, it is sensible to consider the role of metacognition. Low
confidence in the accuracy of a recognition decision or a face matching task has been
associated with high prevalence of choice blindness (Sagana et al., 2013; Sauerland et al.,
2014). Hence, choice blindness may be caused by some participants feeling underconfident in their identification or recognition decision and distrusting their memory;
despite good facial representations. This, in turn, renders them more susceptible to accept
information suggested by external sources (Gudjonsson, Kopelman, & MacKeith, 1999),
such as a manipulated decision outcome. This interpretation is in line with the finding
that people have poor insight into their ability to recognise unfamiliar faces (Bindemann
et al., 2014). More generally, the lack of insight into our recognition judgements, which
is essentially a metacognitive skill, might facilitate perceptual errors. Additionally, as
discussed above, participants blind to a manipulation have been shown to adapt their face
choices in accordance with the manipulated outcome later on (Cochran et al., 2016;
Johansson et al., 2013). This supports the view that the belief that a non-chosen face had
in fact been chosen can shape subsequent face recognition attempts. This is a powerful
illustration of how confidence and the act of reflecting on our previous decisions can
shape the way we regard and understand faces. These preference reversals resemble the
choice induced preference change effect, which refers to the observation that choices are
able to alter one's preferences (Chammat et al., 2017), thus suggesting a common
mechanism of choice blindness and choice induced preference change. Accordingly,
choice blindness may simply disclose the role of metacognition in ensuring a conscious
coherence between our past actions and current beliefs (Chammat et al., 2017). For face
recognition decisions, this means that the outcome of a choice and metacognitive
influences can modify the representation of the facial features generated from the original
exposure to the face.
Apart from the perceptual and cognitive aspects of recognition, we should also
consider the possibility that the failure to detect changes in facial identity reflect a source
monitoring error. Disruptions either in memory (e.g., forgetting) or in decision-making
(e.g., due to heuristics, social influences) might cause participants to mistake the nonchosen face as chosen. This was illustrated by Pärnamets et al. (2015) and is supported by
recent findings in our lab concerning blindness for changes in one’s own written
eyewitness reports (Sagana, Sauerland, & Merckelbach, 2017). Here, participants’ written
reports following a witnessed mock crime were manipulated such that four critical details
were discordant with the original report. Blindness rates for these manipulations
increased disproportionately when the retention interval between the production of the
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original report and the presentation of the manipulated version was longer (a month)
rather than shorter (minutes and 48hr). The finding is in line with the idea that due to
fading memory cues, participants may not be able to trace whether the (manipulated)
detail comes from their original version of the report or whether it was externally
suggested. Hence, source monitoring errors may be the reason for the elevated choice
blindness rates.

CONTRIBUTIONS OF CHOICE BLINDNESS TO THE
FACE RECOGNITION LITERATURE
In our view the greatest contribution of choice blindness to the field of face
recognition is the insight that metacognition may shape face perception. Choice blindness
exemplifies in the most dramatic way that our beliefs and views of our own abilities can
affect the way we recognise faces. We have seen that the degree of confidence we ascribe
to identification or face matching decisions is associated with the prevalence of
blindness, with low confidence leading to higher blindness rates (Sagana et al., 2013;
Sauerland et al., 2014). Relatedly, when participants believe, erroneously, that they had
chosen the manipulated face and are asked to perform the task a second time, they tend to
modify their decisions to match the manipulated outcome (Cochran et al., 2016;
Pärnamets et al., 2015). Additionally, when participants who fail to notice the changed
identity provide justifications for a choice they never made, they often refer to facial
features that are not evident in the original choice or that belong to the original but not
the manipulated face (Johansson et al., 2006; Sauerland, Schell, et al., 2013).
These findings not only illustrate the fragility of peoples’ representations of
unfamiliar faces but also demonstrate the potential power of metacognition in face
perception. In conclusion, we hold that the face recognition literature would profit from
considering the role of metacognitive thoughts on face perception and recognition.
Furthermore, we argue that the choice blindness paradigm could serve as a means of
studying face recognition and more specifically the differences between familiar and
unfamiliar face recognition. It is a common, though untested, belief that the choice
blindness effect would not hold for familiar faces. It should be hard, to say the least, to
trick participants regarding the identity of their best friend or the person they are about to
marry. Though this assumption remains to be tested, the results of such experimentation
would be meaningful for face recognition research. If supported, the choice blindness
paradigm could be used to study how unfamiliar faces become familiar and the
prerequisites of this process. If, on the other hand, choice blindness is evident for familiar
as well as unfamiliar faces, then that could point to the common denominator between
these two.
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PRACTICAL IMPLICATIONS FOR THE FIELD OF LEGAL PSYCHOLOGY
Choice blindness for face recognition and identification decisions has important
implications for the legal setting. Many of the findings presented here indicate that a
large proportion of eyewitnesses would fail to detect changes in the outcome of their
identification decisions. Consider, for example, the case of Bernard Maughan who was
brought to the police station under the suspicion of a hit and run near his neighbourhood.
Maughan, already known to the police because of previous violations, was a reasonably
good suspect for the incident and was therefore put in a live lineup for an eyewitness to
make an identification. Maughan was placed at position number seven. The eyewitness
proceeded and made an identification by saying “I think it’s number six.” The
administrator of the lineup mistakenly noted down “I think it’s number seven.” Following
the protocol the administrator read the (erroneous) sentence back to the witness. Anyone
would have expected the witness to object to this blunt change in her identification
decision. Furthermore, one would have expected that the Maughan’s lawyer, who was
present during the identification, would have protested and requested for the mistake to
be corrected. Yet neither the witness nor the lawyer demurred. As a result, the official
record did not mention the actually identified lineup member. The defendant was
charged. It was only during the appeal, two years later, that the defendant's new lawyer
spotted the miscommunication while reviewing the identification tapes (Wolchover, n.d.).
The behaviour of the witness and the lawyer is incomprehensible. There seems to be no
reason why they would both accept the change in the identification decision. Their
strange behaviour may be a real-life instance of choice blindness.
Mistaken or deliberate manipulations of that sort can lead to the incrimination of
innocents and impede the investigation and conviction of the real perpetrator. Even if
these mistakes were corrected, given the long-term effects that choice blindness might
have on eyewitness memory and decision-making, witnesses who have been exposed to a
blindness manipulation can no longer provide reliable information. These issues are of
high relevance particularly in light of the report on prosecutorial misconduct cases
compiled by the Northern California Innocence Project (Ridolfi & Possley, 2010). The
report sides with the notion of altered identification decisions and tampered testimony in
real investigations. Specifically, the report revealed 4,000 cases of alleged misconduct, in
707 of which the courts explicitly established that the prosecutors deliberately
mishandled, mistreated or destroyed evidence. Therefore, the issues emerging from this
line of work directly appeal to and emphasize the importance of blind lineup
administration procedures that leave little room for surreptitious manipulations.
Furthermore, studies indicating the relevance of blindness phenomena in the field of
interrogations and false confessions, and eyewitness interviews (Sagana et al., 2017;
Sauerland et al., 2015; Sauerland, Schell, et al., 2013) underscore the importance of
camera recordings during the interviewing process. Additionally, our ﬁndings regarding
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matching identities apply to situations where police or eyewitnesses have to match CCTV
images of the perpetrator with a suspect (Sauerland et al., 2014). The results suggest that
witnesses or police may be blind to their own identity matches. If matching decisions are
poorly documented, due to procedural errors, misunderstandings or even deliberate
manipulations (Findley & Scott, 2006), a switch of identities could easily go undetected
and the images can be presented in court as identiﬁcation evidence (Valentine, 2006).
Considering how often other errors slip into forensic testing procedures, and the
flexibility with which some types of evidence are treated (see Ask, Rebelius, & Granhag,
2008; Kassin, Dror, & Kukucka, 2013; Ridolfi & Possley, 2010; Saks & Koehler, 2005),
it would be interesting to estimate the frequency of identity switches. The clear
implication of our current findings is that such switches could easily go undetected.
To sum up, the application of the choice blindness paradigm in the field of face
recognition and identification decision has important implications for theory and practice.
We believe that choice blindness, as an effect as well as a paradigm, offers many
interesting avenues for future research and can provide useful insights in the field of face
recognition.
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Chapter 7

CONFIGURAL PROCESSING AND THE RECOGNITION
OF FAMILIAR FACES
Adam Sandford*
University of Guelph-Humber, Toronto, Canada

ABSTRACT
Configural processing has been an influential concept within the face recognition
literature. However, this concept has typically been under-specified and measures of
configural processing have conflated face recognition with discrimination of metric
distances between facial features. A review of evidence from learning paradigms and
matching tasks suggests that errors in face recognition are not the result of failures to
detect configuration changes. By contrast, natural variance across different photographs
of the same person is the likely source of errors observed in these tasks. Moreover,
manipulation of global geometric characteristics highlights the good recognition of
familiar faces despite severe changes to configuration. These findings pose problems for
configural processing accounts of face recognition.

Keywords: face recognition, configural processing, natural variance

INTRODUCTION
The basic structure of the human face consists of a horizontal pair of eyes above a
central nose and mouth. Subtle differences in the spatial relations between these features
are held to be important for the encoding of individual face identities and subsequent
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person recognition (see, e.g., Richler, Mack, Gauthier, & Palmeri, 2009; Tanaka &
Gordon, 2011). These distances include those between the eyes (e.g., Freire, Lee, &
Symons, 2000; Mondloch, Le Grand, & Maurer, 2002), the eyes and mouth (Freire et al.,
2000; Mondloch et al., 2002), and the nose and mouth (Leder & Carbon, 2006). In the
face literature, the encoding of the metric distances between these features has been
termed configural processing and has long been held to be a useful concept for explaining
face recognition, as well as for differentiating recognition of faces from objects (e.g.,
Diamond & Carey, 1986; Duchaine & Nakayama, 2006; Maurer, Le Grand, & Mondloch,
2002; Robbins & McKone, 2007). Configural processing also continues to be of interest
to researchers. Seminal papers in this field, such as Diamond and Carey (1986) and
Maurer et al. (2002) have been cited well over 1,000 times. These papers continue to be
cited by researchers in the face literature (e.g., >100 citations of Maurer et al. (2002)
since 2016).
This chapter begins with a brief review of some of the supporting evidence for
configural processing. We then review research that demonstrates that this concept
cannot explain important aspects of face recognition, raising substantial doubt over
configural theories.

CONFIGURAL PROCESSING AND MANIPULATIONS OF SPACING
A simple paradigm for assessing sensitivity to configural information in faces are
matching tasks in which observers have to indicate whether two side-by-side faces are the
same or different. These pairs consist of identical images of the same face except that the
metric distances between some facial features may be manipulated in one of these faces.
For example, the interocular distances may be changed by 2 pixels or the eye-mouth
distance altered by 3 pixels (see Figure 1). Perceptual discrimination of such changes
ranges from 70% to 80% accuracy when faces are upright (e.g., Freire et al., 2000;
Mondloch et al., 2002; Searcy & Bartlett, 1996). Configural processing is then inferred
by assessing the extent to which accuracy declines when the same face pairs are turned
upside-down (e.g., Haig, 1984; Leder, Candrian, Huber, & Bruce, 2001; Lewis &
Glenister, 2003; Sergent, 1984).
Other studies of configural processing are based on learning paradigms. In these,
observers are initially exposed to a set of faces and then have to select these among new
faces at a subsequent recognition test. Between learning and test, the spatial distances
between features are varied to manipulate configuration to assess its effect on
recognition. In these paradigms, recognition errors occur typically on approximately 30%
of trials when configuration is altered, and accuracy declines further with inversion (see,
e.g., Leder & Bruce, 2000; Leder et al., 2001; Leder & Carbon, 2006; Rhodes, Brake, &
Atkinson, 1993).
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Figure 1. Top row (from left to right): Veridical configuration, eyes moved apart by 2 pixels, eyes
moved together by 2 pixels. Bottom row (from left to right): Veridical configuration, eyes and mouth
moved apart by 3 pixels, eyes and mouth moved together by 3 pixels. Based on Freire et al. (2000).

The findings of such matching and recognition studies are typically taken to support
configural theories of face recognition. However, these inferences are problematic for a
number of reasons. For example, caution must be exercised when the inversion effect is
used to support inferences about configural face processing, as there is no consensus on
the underlying process that is disrupted by this manipulation (see, e.g., McKone & Yovel,
2009; Rakover, 2013; Rossion, 2009; Sekuler, Gaspar, Gold, & Bennett, 2004).
Moreover, face matching and recognition is typically similarly error-prone to these
studies when configuration is not manipulated (e.g., Burton, White, & McNeill, 2010;
Henderson, Bruce, & Burton, 2001; Longmore, Liu, & Young, 2008; Megreya & Burton,
2006), and inversion impairs accuracy in tasks of face matching or recognition when
configuration is not altered (e.g., Megreya & Burton, 2006; Valentine, 1988; Yin, 1969).
In addition, recognition of objects of expertise, such as dogs, has also been impaired by
picture-plane inversion (Diamond & Carey, 1986), as has the recognition of visual
patterns with no clear configural structure (e.g., Hussain, Sekuler, & Bennett, 2009).
Configural processing has been assessed also by comparing changes in metric
distances between features with the effect of swapping features between different faces
(Amishav & Kimchi, 2010; Cabeza & Kato, 2000; Kimchi & Amishav, 2010; Mondloch
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et al., 2002; Sergent, 1984). Again, however, this raises some methodological concerns.
For example, inversion effects have been observed not only for the detection of
configural changes but also for feature-swapping (e.g., Mondloch et al., 2002). Such an
inversion effect likely reflects the inevitability of disrupting the metrics of a facial
configuration also when features between faces are exchanged (e.g., Bruce, 1988; Rhodes
et al., 1993; Sergent, 1984). Neuroimaging studies corroborate this explanation, by
revealing overlapping neural representations when features are swapped or metric
distances are changed (Yovel & Kanwisher, 2004). Once again, this challenges configural
accounts of face recognition that are based on the inversion effect (Lewis & Glenister,
2003).

RECOGNITION AND MATCHING OF CONFIGURALLY
UNALTERED FACES
Studies in support of configural face processing accounts highlight circumstances in
which changes to the metric distances of facial features impair recognition. However,
face recognition is also affected by a range of image manipulations that do not change the
featural metric distances that are crucial for configuration theories. One such
manipulation involves contrast negation or contrast reversal, which converts images into
photographic negatives. Such negation impairs face recognition (e.g., Galper, 1970;
Kramer, Jenkins, Young, & Burton, 2016), possibly by manipulating surface properties of
faces, such as texture and pigmentation (Bruce & Langton, 1994; Johnston, Hill, &
Carman, 1992; Kemp, Pike, White, & Musselman, 1996). Line drawings of familiar
faces, which remove information about surface properties, are recognized poorly
compared with photorealistic stimuli of the same identities (e.g., Davies, Ellis, &
Shepherd, 1978; Leder, 1999; Rhodes, Brennan, & Carey, 1987). This is an interesting
finding considering that such line drawings preserve the metric distances between facial
features. This indicates that face recognition can be impaired when configural
information is preserved, raising doubt over the importance of this information for
recognition. Subsequent studies also show that recognition performance improves with
the introduction of ‘mass’, such as the addition of dark shading by luminancethresholding an image. Introduction of ‘mass’ has no additive effect on perceiving the
spatial layout of facial features and, thus, should not alter or improve the use of
configural information. This early work suggests a marked improvement in recognition
driven by non-configural information.
Recent evidence has also indicated an important role for surface properties. This
refers to a combination of ambient illumination, a face’s pigmentation, and shape from
shading cues, making these properties sources of non-configural information (e.g.,
Russell, Biederman, Nederhouser, & Sinha, 2007; Russell & Sinha, 2007; Taschereau-
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Dumouchel, Rossion, Schyns, & Gosselin, 2010). For example, Andrews, Baseler,
Jenkins, Burton, and Young (2016) found that surface properties facilitated accurate
recognition and matching of familiar faces. This developing body of evidence highlights
the important role of surface properties in the invariant representation of familiar faces
(see also Itz, Golle, Luttmann, Schweinberger, & Kaufmann, 2016; Itz, Schweinberger,
Schulz, & Kaufmann, 2014). These studies typically compare surface properties with
shape information (i.e., metric distances between facial features; Andrews et al., 2016),
and consistently find higher recognition accuracy with familiar faces based on surface
properties than shape information (Andrews et al., 2016; Russell & Sinha, 2007).
This contrasts with recognition of unfamiliar faces, which appears to be based on
surface properties and shape information (e.g., Russell et al., 2007; Russell, Sinha,
Biederman, & Nederhouser, 2006). Recognition of unfamiliar faces in learning
paradigms is poor, and these recognition accuracies are not the result of failure to
discriminate metric distances because these distances were not deliberately changed by
researchers in these studies (Bruce, 1982; Hill, Schyns, & Akamatsu, 1997; Krouse,
1981; Longmore et al., 2008; O’Toole, Edelman, & Bülthoff, 1998). Rather, different
images of the same person’s face are used in recognition studies (e.g., Armann, Jenkins,
& Burton, 2016; Ritchie & Burton, 2016) that show relatively poor recognition of
unfamiliar faces compared with familiar faces.
Familiar face recognition, however, appears to survive a wide range of changes to
superficial image characteristics that go beyond alterations to configuration (e.g.,
lighting, head pose, facial expressions; Bruce, 1982; Burton, Jenkins, & Schweinberger,
2011; Jenkins & Burton, 2011; Johnston & Edmonds, 2009). Researchers have discussed
whether or not accurate recognition of faces depends on an observer’s view of a face,
such that recognition either survives or is impaired when there is a change in the
perceived angle of a face (e.g., frontal to three-quarter view), in terms of viewindependence and view-dependence (see e.g., Hill et al., 1997; O’Toole et al., 1998;
Troje & Bülthoff, 1996). However, accounts of face recognition that appeal to
configuration do not specify the importance of viewpoint on measures of configural
processing. Rather, accounts based on configuration typically assume faces in a 2D plane
for intuitive appeal to spatial layout (Burton, 2013).
Face-matching tasks, which are based on deciding whether two photographs show the
same person or different people or on the selection of a person from a 10-person lineup,
highlight another problem for configural accounts of face recognition. Evidence from
matching tasks demonstrates qualitative differences between the processing of familiar
and unfamiliar faces. For example, Megreya and Burton (2006) had participants either
match unfamiliar faces or make semantic (i.e., nationality) decisions about familiar faces
in 1-in-10 lineup tasks. Performance was compared between upright and inverted
versions of the same lineups. Results showed positive correlations between upright and
inverted versions of unfamiliar faces, whereas such correlations were not found between
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upright and inverted versions of familiar faces. Consequently, Megreya and Burton
(2006) suggested that the unfamiliar faces were processed as visual patterns rather than as
faces (see also Megreya & Burton, 2007, 2008). This is an interesting set of findings,
assuming inversion disrupts configural processing (Lewis & Glenister, 2003), because
they suggest no differential processing between upright and inverted unfamiliar faces.
This contrasts with studies that inferred poorer configural processing of inverted
unfamiliar faces with altered metric distances between features (e.g., Freire et al., 2000;
Leder & Bruce, 2000; Mondloch et al., 2002).

CONFIGURAL PROCESSING VERSUS THE ROLE OF
WITHIN-PERSON VARIABILITY
Many studies of configural processing require observers to learn a set of unfamiliar
faces, which are then intermixed with previously unseen faces at a subsequent
recognition test. Under these conditions, faces are typically presented under highlycontrolled conditions, for example, by providing frontal faces under even lighting with a
neutral expression (Leder & Bruce, 2000; Leder & Carbon, 2006; Rhodes et al., 1993;
Rhodes, Hayward, & Winkler, 2006). However, learning faces from such optimized
photographs does not reflect our daily encounters with faces. Outside of the laboratory,
the same face can vary in appearance in a great many ways due to, for example, non-rigid
deformations such as changes in facial expression, changes in surface reflectance
properties due to lighting, and image parameters such as camera angle and resolution (see
Jenkins, White, Van Montfort, & Burton, 2011). Studies of this within-person variability
suggest that it lies at the heart of face recognition (e.g., Burton, Schweinberger, Jenkins,
& Kaufmann, 2015; Ritchie & Burton, 2016) because familiar observers are better than
unfamiliar observers at discriminating between different faces (between-person variance)
and between different photographs of the same person (within-person variance; Jenkins et
al., 2011). Configuration cannot explain the significant role of within-person variability
because the visual appearance of faces changes in complex ways beyond current
definitions of configuration (Richler et al., 2009; Tanaka & Gordon, 2011). Figure 2 of
this chapter presents multiple photographs of the same person whose configuration
perceptually changes from photograph to photograph. Importantly, the metric distances
between features are unstable as measures of interocular distance change between the
photographs. This inconsistency suggests that configural information may not be a useful
source of information for accurate face recognition (see also Burton et al., 2015).
Moreover, it is evident that anthropometric measures are not useful in matching tasks
that use different images of the same faces. One study (Kleinberg, Vanezis, & Burton,
2007) measured the proportion of hits in a 1-in-10 matching task. This proportion took
into account metric distances between landmarks placed on the outer contour of the eyes,
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in the middle point between the outer contour of the eyes, and on the central point of a
closed mouth (see Kleinberg et al., 2007, Figure 2). The results suggested that these
metric distances did not facilitate identification of unfamiliar faces. Of particular concern
is the resemblance of this task to real-world forensic scenarios, and its suggestion that
matching in this task relies on other, non-configural information.

Figure 2. Ambient images of the same person. Measurements of this person’s interocular distances
(from outer corner to outer corner of the eyes) indicates an approximate range from 72 to 103 pixels.
These metric distances highlight inconsistent perception of configuration, rendering measurements
unhelpful for face recognition (see also Burton, 2013; Burton et al., 2015).

The photographs in Figure 2 clearly illustrate the myriad of ways a face can vary.
Exposure to this variability facilitates better matching of unfamiliar faces (Bindemann &
Sandford, 2011; Dowsett, Sandford, & Burton, 2016) and is a good predictor of
familiarity. For example, Jenkins et al. (2011) presented twenty Internet-sourced
photographs each of two faces unfamiliar to observers, and asked them to group these
into identity sets. Observers were rather poor at the task, perceiving an average of seven
to eight different identities. In contrast, familiarity conferred considerable advantage,
with observers perceiving an average of two identities using the same stimuli. This
evidence highlights reconciliation between image and face changes, whereby familiarity
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discards changes in image characteristics (e.g., lighting, facial expressions, changes in
camera characteristics).
Currently, it is unclear how exactly to quantify variance across images. Attempts are
being made with principal component analyses (e.g., Burton, Jenkins, Hancock, & White,
2005; Burton, Kramer, Ritchie, & Jenkins, 2016), while others have used low-variance
image stills from interviews and high-variance images from Google internet searches of
familiar or unfamiliar UK or Australian celebrities (Ritchie & Burton, 2016). In relation
to matching tasks, variance may come from changes in the perceptual appearance of faces
due to changes in the camera lenses used to photograph faces (e.g., Bruce, Henderson,
Greenwood, Hancock, Burton, & Miller, 1999; Bruce, Henderson, Newman, & Burton,
2001; Henderson et al., 2001; Megreya & Burton, 2006, 2007) or time delays in taking
photographs months apart (Megreya, Sandford, & Burton, 2013).

EFFECTS OF GEOMETRIC DISTORTIONS ON FAMILIAR
FACE RECOGNITION
Other studies appear to undermine the explanatory power of configural processing in
the recognition of familiar faces. A configural processing account of face recognition
would predict that the severe alteration to metric distances between features would
significantly impair recognition of known faces (Richler et al., 2009; Tanaka & Gordon,
2011). However, studies have shown that familiar face recognition survives major image
transformations, such as linear stretching. For example, Hole, George, Eaves, and Rasek
(2002) asked participants to indicate whether they were familiar or unfamiliar with faces
whose global configurations had been horizontally or vertically stretched up to twice their
original width or height, respectively (see Figure 3). Compared with unstretched versions
of the same celebrity or unfamiliar faces, reaction times were not negatively affected by
linear stretching. These findings are remarkable when one considers the rather complex
measures that are altered by linear stretching. Indeed, not only metric distances between
features are changed, but the ratio of distances and angles between features that cross
more than one dimension are also altered. The complexity of these changes to
configuration are beyond those that are included in definitions of configural processing.
Neurophysiological evidence corroborates the behavioural evidence in Hole et al.’s
(2002) study. The N250r, an ERP marker that has been linked to face recognition (see
Schweinberger, 2011; Schweinberger, Pfütze, & Sommer, 1995; Schweinberger,
Pickering, Jentzsch, Burton, & Kaufmann, 2002), has been utilised to study the effect of
geometric distortions on the coding of familiar faces (Bindemann, Burton, Leuthold, &
Schweinberger, 2008). The N250r reliably responded to two consecutive images as if
they were configurationally identical, even in the case where one of the images was a
geometrically distorted version of the configurationally unaltered image. This suggests
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that the N250r, a reliable marker of familiarity with faces (Schweinberger, 2011), is
insensitive to configurational changes that cross more than one dimension.

Figure 3. From left to right: Veridical configuration, vertical linear stretch, horizontal linear stretch.
Stretched versions have had their vertical or horizontal dimensional values multiplied twice the
respective veridical values (e.g., size of veridical image is 300 x 420 pixels, making the horizontal
image’s size 600 x 420 pixels). This alters metric distances, ratio of distances between features, and
angles that cross more than one dimension (Hole et al., 2002).

Furthermore, these transformations are visually plausible in the real world, though
the exact magnitude may be to a lesser extent. For instance, looking at a stimulus above
the viewer’s eye-level produces a perceptually-stretched image in the vertical dimension.
This perceptual stretching of an image (as opposed to manipulated with image-processing
software) has been explored in the naming of facial composites that are created by
eyewitnesses to find suspects in criminal investigations (Frowd, Jones, Fodarella,
Skelton, Fields, Williams, et al., 2014; Frowd, Skelton, Hepton, Holden, Minahil,
Pitchford, et al., 2013), by asking participants turn the composites sideways to increase
the depth of one side of the composite relative to the other side of the composite.
Interestingly, naming of such criminal composites was not impaired by perceptual
stretching, but was actually enhanced (Frowd et al., 2014). This body of evidence
challenges the configural processing account of face recognition, especially as the studies
used familiar faces: visually-plausible perceptual stretching appears to aid recognition of
composites (Frowd et al., 2014), and the (N250r) brain response to unaltered and
stretched images is as if they are configurationally similar (Bindemann et al., 2008).
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GEOMETRICALLY DISTORTED FAMILIAR FACES CANNOT
BE ACCURATELY RESCALED
A more recent study (Sandford & Burton, 2014) asked participants to rescale the
aspect ratio of familiar or unfamiliar faces to test a configural processing hypothesis of
face recognition based on metric distances between features (Richler et al., 2009; Tanaka
& Gordon, 2011). According to this hypothesis, success in this task requires knowledge
of metric distances of a given person’s face. Therefore, participants were presented with
familiar and unfamiliar faces, and were asked to rescale faces with randomized aspect
ratios to their veridical configuration. More accurate rescaling of familiar faces was
predicted if observers do, in fact, possess cognitive representations of configuration.
In this study, participants were not better at rescaling familiar faces to their
configuration than unfamiliar faces, for which they had no prior knowledge of face
configuration. By contrast, square colour blocks could be rescaled better than familiar
faces, and a familiarity advantage was observed for company brand logos, whereby
known logos were rescaled more accurately than unknown ones. This demonstrates that a
familiarity advantage is not generally absent in the rescaling of visual stimuli. However,
the fact that such an advantage is not observed for faces provides further evidence that
cognitive representations of familiar faces (see Burton et al., 2005; Burton et al., 2011;
Burton et al., 2016) do not include information about configuration as it is currently
defined (Richler et al., 2009; Tanaka & Gordon, 2011).

CONCLUSION
The configural processing account suggests that metric distances between features
are useful for recognition of known faces (Richler et al., 2009; Tanaka & Gordon, 2011).
However, the precise metric distances are under-specified (Burton, 2013; Burton et al.,
2015). For example, distances between the eyes, the eyes and mouth, or the nose and
mouth are just some proposed measures. Detection of subtle changes to local
configurations (e.g., interocular distance) is often conflated with face recognition in
learning paradigms (e.g., Rhodes et al., 1993; Leder & Bruce, 2000) or discrimination
tasks (e.g., Freire et al., 2000; Mondloch et al., 2002). A pervading issue in these studies
is the use of unfamiliar faces. This is problematic for locating evidence that supports the
definition of configural processing as behavioural (e.g., Megreya & Burton, 2006, 2007),
computational (e.g., Burton et al., 2005; Burton et al., 2011; Burton et al., 2016; Jenkins
& Burton, 2011), and neurophysiological evidence (e.g., Gobbini & Haxby, 2007;
Kaufmann & Schweinberger, 2008, 2012) indicates the differential processing of familiar
and unfamiliar faces for identity. None of the faces in these studies deliberately have their
configurations changed by moving facial features by a few pixels. Indeed, deciding
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whether two different photographs show the same person or two different people
typically produces error rates similar to those found in studies of configural processing.
Furthermore, recent evidence indicates that familiar face recognition survives global
changes to configuration (e.g., Hole et al., 2002) and that participants are no better at
rescaling familiar faces than unfamiliar faces to unique configurations (Sandford &
Burton, 2014). This is particularly challenging for configural accounts of recognition as
evidence supports the continued recognition of familiar faces despite severe alterations to
configuration. However, non-configural changes, such as contrast negation, affect face
recognition (e.g., Kramer et al., 2016), and surface properties play a more critical role in
the verification of familiar identities (e.g., Andrews et al., 2016; Hancock, Burton, &
Bruce, 1996). Configural processing accounts of face recognition will need to
operationalize the useful measures of configuration and consider the role of surface
properties as researchers continue to employ the concept in the face recognition literature
(Burton, 2013; Burton et al., 2015).
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ABSTRACT
There is extensive research on the recognition of individual identity, typically using
static images (e.g., photographs). However, in the last 20 years, research has considered
how successful recognition can be achieved in more naturalistic situations, using
information from dynamic faces and bodies. In this chapter, we review behavioural
research that explores the role of motion in the recognition of identity from faces and
bodies. In addition to the behavioural work we also outline the brain-based evidence that
has attempted to establish the neural correlates of person recognition. The theoretical
implications of this work, and whether motion should be thought of an additional cue to
identity or is integral to the underlying representation of a familiar person, are discussed.
Finally, we suggest dynamic information available from the face and body may help us
integrate identity information about a person using different environmental cues.

Keywords: person recognition, face movement, body movement

*

Corresponding Author address: Dr. Karen Lander, Division of Neuroscience and Experimental Psychology,
University of Manchester, Manchester M13 9PL, England, UK. Email: karen.lander@manchester.ac.uk

Complimentary Contributor Copy

138

Karen Lander and David Pitcher

INTRODUCTION
There is extensive research on the recognition of individual identity, from both an
experimental behavioural (for example, Lander, Christie, & Bruce, 1999) and a neural
perspective (for example, Pitcher, Duchaine, & Walsh, 2014). Typically, research has
used static images (e.g., photographs), and has focused on the role of the face in person
recognition, with considerably less work investigating identity recognition from bodies or
faces and bodies. Whilst this static-based research has been highly informative, it is
important to note that faces and bodies are inherently dynamic. These dynamic
characteristics convey much useful information. Indeed, we are able to quickly and
accurately interpret social information conveyed by even subtle movements (Ambadar,
Schooler, & Cohn, 2005; Bould & Morris, 2008; see Krumhuber, Kappas, & Manstead,
2013 for a review on the dynamic aspects of expressions). For example, the way a face
and body moves conveys important information when determining emotional expression;
such that we smile when we are happy and cower when afraid. The precise dynamic
characteristics of the observed movement can determine our interpretation of the
expression shown; whether we think the smile is genuine or false (Krumhuber & Kappas,
2005); and when judging the level of emotional intensity shown (Atkinson, Dittrich,
Gemmell, & Young, 2004). Similarly, the role of motion in speech perception and
communication is obvious. The communicative function of speech perception is signalled
by lip movements (McGurk & MacDonald, 1976; Rosenblum, Johnson, & Saldaña,
1996), whilst the body conveys information important for communication through
posture and gesture (see Goldin-Meadow & Alibali, 2013).
The role of motion in the recognition of identity has received a less prominent role in
the literature with classic models of face processing either making no explicit reference to
dynamic parameters (see Bruce & Young, 1986) or proposing that facial motion
processing is largely independent of identity processing (Haxby, Hoffman, & Gobbini,
2000). However, over the last twenty years or so, a growing body of research has
considered the role of motion in the recognition of identity. In this chapter, we review the
behavioural and neural correlates of person recognition. We start by considering
behavioural work on the role of motion in the recognition of identity from faces and
bodies.

BEHAVIOURAL CORRELATES OF DYNAMIC FACE
AND BODY RECOGNITION
Faces move in both rigid (e.g., head nodding and shaking) and non-rigid (e.g.,
expressions and speech) ways. In real life, the face usually makes a combination of
changeable expression and speech movements coupled with larger head movements.
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Importantly, it has now been established that seeing a face move facilitates the
recognition and encoding of facial identity (e.g., Hill & Johnston, 2001; Knappmeyer,
Thornton, & Bulthoff, 2003), at least in some circumstances.
Several theoretical interpretations (not mutually exclusive) of this ‘motion advantage’
for face recognition are proposed in the seminal paper by O’Toole, Roark and Abdi
(2002). First, each known face may have an associated ‘characteristic motion signature’,
which acts as an additional cue to identity (termed the ‘supplemental information
hypothesis’ by O’Toole et al., 2002). Characteristic motion signatures refer to
idiosyncratic facial expressions, movements or facial gestures (e.g., particular ways of
smiling, nodding or gesturing) that are indicative of an individual. Thus, the way a friend
smiles or the way they characteristically nod their head during a conversation, may aid
your ability to recognise their identity. Of course, this kind of cue is particularly
important when recognising familiar faces.
Second, it may be that there is some generalised benefit for viewing a face moving
naturally. O’Toole et al. (2002) refer to this idea as the ‘representation enhancement
hypothesis’, positing that facial motion contributes to recognition by facilitating the
perception of the 3D structure from the face. Perceptual research with unfamiliar faces
and face encoding has explored the representational enhancement hypothesis. Thirdly, the
social cues carried in movement (emotional expressions, speech) may attract attention to
the identity-specific areas of the face, facilitating identity processing (social signals
hypothesis).
Evidence for characteristic motion signatures (supplemental information hypothesis;
O’Toole et al., 2002) has been clearly demonstrated when recognising familiar faces. One
of the first experiments to investigate the role of motion in the recognition of identity was
conducted by Knight and Johnston (1997). They presented famous face images upside
down (inverted) and/or as photographic negatives. Results suggested that movement
significantly improved recognition only in upright, negative-image faces but played no
role when the faces were presented as positive images, whether upright or inverted. Later
work has established a robust and consistent recognition advantage for motion when
recognising familiar faces (see Lander et al., 1999). Typically, in an experiment of this
kind, participants view moving and static famous faces and are asked to try and recognise
their identity by name or other unambiguous semantic information (such as ‘Prime
Minister of UK’ for Theresa May). Famous faces not known to the participant are
removed from their statistical analysis (after all you are unable to recognise a face if you
don’t know who they are) and thus accuracy is calculated as a percentage of known faces.
The images used are usually degraded in some way so as to reduce recognition levels to
below ceiling levels (negation, Knight & Johnston, 1997; thresholding, Lander et al.,
1999; blurring, Lander, Bruce, & Hill, 2001). This degradation does not preclude the
possibility that motion is a useful cue to identity when recognising undegraded faces, but
rather any recognition advantage may simply be more difficult to demonstrate.
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Interestingly, recent research has also shown that developmental prosopagnosics,
who are impaired at face recognition, are able to match, recognise and learn moving faces
better than static ones (Steede, Tree, & Hole, 2007; Longmore & Tree, 2013; Bennetts,
Butcher, Lander, & Bate, 2015). Similarly, motion is a useful cue to identity for those
who are poor at face recognition (Albonico, Malaspina, & Daini, 2015). Thus, motion
may be a particularly useful cue to identity when recognition is impaired by degradation
of stimuli (Lander, Bruce, & Hill, 2001) or by perceiver impairment (e.g., Albonico et al.,
2015; Bennetts et al., 2015; also see Xiao et al., 2014).
Of course, one obvious difference between a moving sequence and a single static
image is the number of images viewed in each case. Thus, any advantage for motion may
not reflect a truly ‘dynamic effect’ but rather the additional static frames contained in the
moving sequence. Evidence against this viewpoint comes from Lander et al. (1999), who
demonstrated that even when the moving and static sequences contained the same
number of frames there was still an advantage for seeing the face move. Evidence that the
motion advantage is not just due to number of frames also comes from the fact that the
size of the motion advantage is linked to the dynamic characteristics of the observed
motion. Indeed, changing the tempo, speed, rhythm or naturalness of the observed motion
has a detrimental influence on the size of the recognition advantage (Lander & Bruce,
2000; Lander, Chuang, & Wickham, 2006). Furthermore, Lander and Chuang (2005)
found that motion was only a useful cue to identity when the motion was rated as being
distinctive (by different raters), with no significant recognition advantage found for
typical movers (see Experiment 2). Later work by Butcher and Lander (2017) explored
this finding and showed that famous faces rated as moving a lot and moving in a
distinctive manner benefited the most from being viewed in motion. Also, the magnitude
of the motion advantage was significantly correlated with face familiarity, suggesting, in
line with the supplemental information hypothesis (O’Toole et al., 2002), that facial
motion becomes a more important cue to recognition identity the more familiar the face is
(also see Roark, Barrett, O’Toole, & Abdi, 2006). Although characteristic facial motion
patterns may be rapidly learned (see Lander & Davies, 2007), this supplementary identity
specific information becomes more useful to identity processing with time and experience as
we continue to become more familiar with the face.
Additional evidence in support of the usefulness of facial motion for recognition
comes from studies that show participants can discriminate between individuals based on
their facial motion alone (Hill & Johnston, 2001; Knappmeyer et al., 2003; Girges,
Spencer, & O’Brien, 2015). Hill and Johnston (2001) animated an average face using the
facial movements from different actors. Participants were able to discriminate between
different identities based on the motion information alone. Further, Knappmeyer et al.
(2003) trained participants to learn the identity of Face A or Face B from moving clips.
Later, participants were presented with a spatially morphed image (identity between Face
A and Face B) where it was not possible to determine identity from the structural
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characteristics alone. Results suggested that participants were biased to decide that the
face morph was Face A or Face B based on the dynamic characteristics.
In more recent similar work, Girges et al. (2015) used a forced choice discrimination
task to investigate whether identity could be categorised by facial motion cues alone.
Here motion characteristics were captured from fifteen actors and mapped onto a
standard avatar model. Participants were presented with a single animation reciting a
poem. Next, they viewed two animations, one displaying the original actor reciting a
different poem and another actor reciting any poem. Participants were asked to decide
which animation showed the original actor (left or right). The results showed that
participants were able to use motion as a cue to identity in the absence of any other cues
(performance for upright faces was over 91% correct). It seems clear then that in the
absence of other cues, seeing a familiar face move aids our recognition of identity.
In contrast to the literature on familiar face recognition, the role of motion when
learning previously unfamiliar faces is less established and less consistent. Here, some
research has demonstrated better recognition of unfamiliar faces using dynamic rather
than static stimuli (for example, see Lander & Bruce, 2003; Pike, Kemp, Towell, &
Phillips, 1997) but other research has found no benefit of motion for face learning (for
example, see Bruce et al., 1999; Bruce, Henderson, Newman, & Burton, 2001; Christie &
Bruce, 1998). In a classic recognition memory task, Pike et al. (1997) asked participants
to learn unfamiliar faces from static face pictures, multiple face pictures or moving clips
(rigid head rotational movement). At test, participants were shown a single face image
and were asked to decide if the face was familiar to them (learned/old) or not (new).
Results found an advantage for learning faces in rigid motion. Similarly, Lander and
Bruce (2010) found that viewing faces moving rigidly led to more accurate face learning
than viewing a single static image. They concluded that the advantage for rigid motion
was due to the multiple viewpoint images shown, rather than the dynamics of the rigid
motion. Interestingly, Lander and Bruce (2010) also found an advantage for learning
faces moving non-rigidly. They concluded that this may be due to participants paying
increased attention to faces moving in a socially important manner.
One possible reason the evidence for the representation enhancement hypothesis is
somewhat variable is that adults’ ability to perceive and represent faces is at ceiling.
Thus, it may be difficult to assess the perceptual effects of facial motion on the
recognition of unfamiliar faces. Interestingly, in work using very young infants, Otsuka et
al. (2009) found that unfamiliar faces were learned faster when shown moving compared
with static (also see Skelton and Hay’s (2009) work with older children). In addition,
Maguinness and Newell (2014) compared the role of motion for younger and older adults
when learning new faces. They found that later face matching performance improved in
the older adult group, when faces were learned in motion relative to static. These results
suggest that ageing may offer a unique insight into how dynamic cues support face
processing, which may not be readily observed in younger adults' performance. Together,
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this work supports the representation enhancement hypothesis and suggests that seeing a
face facilitates the creation of a face representation for infants (Otsuka et al., 2009) and
older adults (Maguinness & Newell, 2014).
One further reason for the inconsistent results found with unfamiliar faces could be
due to the experimental task being used (Pilz, Thornton, & Bülthoff, 2006). Indeed, Pilz
et al. (2006, p.436) argue that the recognition memory paradigm usually used in
unfamiliar face learning experiments may make it “difficult to extract stable measures of
dynamic performance” as it biases observers to assume techniques dependent on
memorization that favour static content. To overcome this potential bias, Thornton and
Kourtzi (2002) used an immediate matching paradigm to compare the impact of priming
with a short movie clip compared to a static image. They found that responses following
a dynamic prime were faster than those following static primes.
Pilz et al. (2006) also used a novel approach to investigate the motion advantage of
unfamiliar faces. Using a delayed visual search paradigm, they explored how learning
over a longer period of time is affected by the availability of non-rigid motion.
Participants were familiarised with two target faces; one static and one moving.
Participants then completed a visual search task in which they were required to indicate
whether either of the target faces was present. Pilz et al. (2006) found a reliable dynamic
search advantage such that observers identified faces learnt from dynamic sequences
faster than those learnt in static (Pilz, Bülthoff, & Vuong, 2009). Butcher, Lander and
Jagger (2017) also used a delayed dynamic visual search task and found a dynamic search
advantage (for same-race and other-race faces). Indeed, there were shorter search
latencies and higher accuracy rates for faces learned in motion. Also, differing clip
lengths and face repetitions during familiarization yielded the same dynamic advantage,
supporting the suggestion that motion provides a robust and valuable cue for face
learning.
We can see then that although the role of motion in face learning is less clear than for
familiar faces, a motion advantage for unfamiliar faces has been demonstrated across a
number of experimental paradigms (recognition memory; immediate matching tasks and
delayed visual search). It is hypothesised that when learning previously unfamiliar faces,
motion facilitates the construction of more robust mental representations at encoding
which later aid recognition; the ‘representation enhancement hypothesis’ (O’Toole et al.,
2002).
In parallel with work on familiar and unfamiliar moving faces, other research started
to compare the importance of the face and the body in the recognition of identity. For
example, in classic work, Burton, Wilson, Cowan and Bruce (1999) collected CCTV
surveillance footage of lecturers from the University of Glasgow Psychology department
(familiar to the Psychology student participants) and unfamiliar individuals. They edited
the footage such that the face was obscured, the body was obscured or the gait obscured
(by using multiple frames from the dynamic sequence). Overall recognition of the
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familiar individuals was good, and obscuring the body or gait had a minimal effect on the
identification of the familiar people. In contrast, there was a large decrease in recognition
performance when the face was obscured, strongly suggesting that the face was the most
important cue to identity (also see O’Toole et al., 2011 with static stimuli; Robbins &
Coltheart, 2012).
Interestingly, other research has suggested that the body does provide useful identity
information, particularly when the face is difficult to see or is shown at a distance. For
example, Rice, Phillips and O’Toole (2013) asked participants to make identity matching
decisions to people from faces or bodies. When the identity decisions were challenging
(face similarity poor by face recognition algorithms), performance was similar in the face
and body conditions. Other work by Rice, Phillips, Natu, et al. (2013) found that in some
circumstances, participants may even be unaware that they are using information from
the body for identification, rather than from the face. It seems that identification is
adaptive to circumstance, with reliance on the face in good viewing conditions whereas
the body is important in other situations, like when there are poor quality face images or
far viewing distances (see Hahn, O’Toole, & Phillips, 2016).
As well as the body being important for identity, body motion is also useful. Early
work investigated the recognition of identity from walking movements using point-light
displays (PLDs). Point-light displays place ‘lights’ on key areas of the body and remove
all other cues in the visual image. When static the image appears as if a collection of
spots or constellation of stars, yet when the image moves the body in motion becomes
apparent. PLDs have demonstrated that walking motion provides useful information
about emotion (Dittrich, Troscianko, Lea, & Morgan, 1996), gender (Troje, 2002) and,
importantly for our purposes, identity. Early work by Cutting and Kozlowski (1977)
filmed six friends walking back and forth with lights attached to their major joints. Two
months later, Cutting and Kozlowski (1977) asked the friends to watch the PLD displays
created and try to identify the person shown. Their results showed that participants were
able to identify an individual walker a fairly modest (given that there were only 6
individuals to pick from) 38% of the time (also see Westhoff & Troje, 2005). More recent
work by Loula, Prasad, Harber and Shiffrar (2005) asked participants to make forced
choice decisions as to whether a PLD was displaying themselves, a friend or a stranger.
Movements included jumping, walking, waving, boxing, dancing, laughing, hugging,
playing ping pong and running. Results found that self-recognition was best (69%
correct) but that friend recognition (47% correct) was also above chance (33.3% correct).
In line with Cutting and Kozlowski (1977) there was a small advantage for viewing
walking and gait movements. However, the most advantage was by viewing other more
expressive movements such as dancing and boxing. Expressiveness or exaggeration may
be particularly important as demonstrated by Hill and Pollick (2000). Hill and Pollick
(2000) investigated the role of temporal exaggeration on identity recognition.
Specifically, they asked participants to learn the identity of six individuals from their arm
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movements. They found that temporally exaggerated versions of the arm movements
were recognised significantly better than the original versions or unexaggerated versions.
It seems likely that when viewing bodies in motion we are able to use the characteristic
motion signatures available to help identify the individual shown. Such characteristics
may be more exaggerated in some kinds of movement (for example, dancing & boxing)
than others (e.g., walking; Loula et al., 2005) and it may be possible to artificially
exaggerate these characteristics using animation techniques (Hill & Pollick, 2000).
In the context of viewing more naturalistic clips of people in motion (rather than
PLDs), Pilz, Vuong, Bülthoff and Thornton (2011) considered how we integrate
information across the face and body when making identity decisions. They placed threedimensional head models from different people onto a single identical moving avatar
body. Participants, who were asked to make sequential identity matching decisions,
responded more quickly to a target face when the body was approaching than when it was
static or walking backwards (receding). In a second experiment, they found that faces
learned on an approaching avatar, were responded to more quickly than those learned on
an avatar that was static. These findings suggest that natural approach motions by bodies
may facilitate the processing of a face. However, in this study the body motion did not
vary for different faces. Thus, the role of idiosyncratic body motion is unclear.
Further investigation of this issue was conducted by O’Toole et al. (2011), who asked
participants to make identity matching decisions to pairs of videos depicting people in
motion (walking or conversing) or static images (selected from the moving clips).
Performance was best when participants were presented with the face and body compared
with the face or body alone. Performance was best in the moving conditions, but only
when the body was shown. O’Toole et al. (2011) concluded that some of the motion
advantage may be attributed to viewing multiple images of the same person (multi static
condition). Further they suggested that in static displays the face plays a key role in
identification but both the face and body are important for identification when viewing
dynamic clips.
To summarise, behavioural work has established a beneficial role of motion when
recognising familiar people (from faces and bodies). Motion also seems useful when
establishing new identity representations. It is likely that person identification in the real
world relies on information from both faces and bodies, both moving and static. In the
next section, we review the brain-based evidence that has attempted to establish the
neural correlates of person recognition.

NEURAL CORRELATES OF DYNAMIC PERSON RECOGNITION
Neuroimaging studies identify regions distributed across the brain that selectively
respond to faces (Kanwisher, McDermott, & Chun, 1997; Gauthier et al., 2000; Phillips
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et al., 1997). In particular, the fusiform face area in the lateral fusiform gyrus is thought
to be specialised for face processing (Kanwisher et al., 1997). This area is frequently
damaged in patients with prosopagnosia (who have face recognition difficulties; see for
example Barton, Press, Keenan, & O’Connor, 2002) and is thought to respond more to
faces than other objects (Tong et al., 2000). However, there is still controversy whether
the FFA is face-selective or may apply to any object category where we have withincategory expertise (see Gauthier and Tarr’s (2002) work on expertise and with greebles).
Furthermore, other neural areas have been found to be involved in face recognition (for
example, see Gainotti & Marra, 2011).
This involvement of other brain areas has led to influential models that link these
regions together to form the components of a distributed network specialized for face
recognition (Haxby et al., 2000; Calder & Young, 2005; Pitcher, Walsh, & Duchaine,
2011). Haxby et al. (2000) propose two functionally and neurologically distinct pathways
to face analysis, the lateral pathway that preferentially responds to changeable aspects of
faces (including expressions; mediated by the superior temporal sulcus) and the ventral
pathway that preferentially responds to invariant aspects of faces (identity; coded by the
lateral fusiform gyrus).
As in the behavioural literature, the majority of studies that have investigated the
functional roles of the face network have used static images of faces. However, recent
work has identified the right posterior superior temporal sulcus (rpSTS) as the region that
preferentially processes the dynamic, or changeable, aspects of faces (Allison, Puce, &
McCarthy, 2000). Functional magnetic resonance imaging (fMRI) studies demonstrate
that the pSTS preferentially responds to moving, more than static images, of faces (Fox,
Iaria, & Barton, 2009; Pitcher et al., 2011; Schulz et al., 2012). However, to date, studies
that have investigated the functional role of the rpSTS have largely demonstrated that it is
preferentially involved in facial expression and eye gaze processing (Hoffman & Haxby,
2000; Pitcher et al., 2014) rather than facial identity discrimination (but see Bobes et al.,
2013; Gobbini & Haxby, 2006).
It is important to note that the majority of the studies that have found no role for the
rpSTS in facial identity discrimination have used static rather than moving stimuli. It
therefore remains possible that future work will demonstrate that the rpSTS does compute
individual identity based on facial motion. It is also possible that the rpSTS contributes to
facial identity discrimination in combination with other face-selective brain regions such
as the fusiform face area (FFA) (Kanwisher et al., 1997). There is some evidence to
support this hypothesis. A recent combined TMS/fMRI study demonstrated that TMS
delivered over the rpSTS selectively impaired the neural response in the rpSTS for
dynamic, but not static images of faces (Pitcher et al., 2014). TMS delivered over the
rpSTS also reduced the neural response to both dynamic and static images of faces in the
right FFA. This demonstration that the rpSTS and right FFA are causally connected
suggests that both regions are important when processing dynamic facial aspects. A
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subsequent study combining TMS and fMRI further demonstrated that TMS delivered
over the rpSTS reduced the neural response to dynamic faces in the right anterior STS
(raSTS). This result suggests that multiple face-selective areas in the STS may be
important for dynamic face perception. In addition, given that the FFA is thought to
preferentially process facial identity (Rotshtein et al., 2005), this functional connection
between the FFA and rpSTS may process motion information from a face that contributes
to identity discrimination.
An alternative approach to understanding the role of motion in identity recognition is
to consider the importance of motion from both faces and bodies. Such an approach
makes sense because in the real world we rarely encounter moving faces in the absence
of moving bodies. In addition, neuroimaging studies have identified a network of
category-selective brain regions that preferentially respond to images of the human body.
For example, the extra-striate body area (EBA; located in the lateral occipital cortex) is
thought to contribute to the recognition of people from static images of bodies and body
parts (Downing, Jiang, Shuman, & Kanwisher, 2001). The EBA may have a role in the
processing of body motions when understanding actions and intent (Astafiev, Stanely,
Shuman, & Corbetta, 2004; but see Downing, Peelen, Wiggett, & Tew, 2006).
In very recent work, Hahn and O’Toole (2017) examined how motion from faces and
bodies facilitates person recognition in an fMRI study. Participants were scanned while
viewing videos of familiar and unfamiliar actors walking towards the camera. Analysis of
the data examined the neural patterns across both face-selective and body-selective brain
regions at four different time points in the videos. Results demonstrated that when the
actors were most distant, the bilateral pSTS regions contributed significantly to identity
recognition. Then, at later time points, different combinations of face-selective and bodyselective regions were significantly contributing to identity recognition. The authors
conclude that a broad network of face and body-selective regions distributed across the
ventral and lateral occipitotemporal cortex are used to recognise individuals as they move
towards us.

CONCLUSIONS AND OUTSTANDING ISSUES
We have outlined both behavioural and neural work investigating the recognition of
identity from faces and bodies. Research has suggested a key role for ‘characteristic
motion signatures’ (from both faces and bodies) that provide useful cues to the
recognition of familiar people. We seem able to use these characteristics as an additional
cue to identity when recognition is tricky. In addition, motion provides a useful cue to
help build robust person representations. Neural work has proposed a network of
interconnected areas and pathways that support person perception and recognition. A
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number of key issues remain when we consider the recognition of identity from moving
faces and moving bodies, as follows:
First, in the face studies conducted so far the motion displayed is typically of an
unconstrained nature involving a mixture of rigid and non-rigid motion. How much
identity information is conveyed by different kinds of facial motion is currently
somewhat unclear. Recently, Dobs, Bulthoff and Schultz (2016) animated an avatar
using emotional (expressions), emotional interaction and conversational facial
movements. Identity matching was best with conversational movements, worse with
emotional interaction and at chance level with emotional facial expressions (but see
Lander & Chuang, 2005). Thus, it may be that conversational facial movements transmit
more dynamic identity information than other types of facial movements. Further studies
are encouraged to extend this work, comparing the usefulness of rigid, non-rigid and
combined motion cues in other face recognition tasks. In addition, this work should
compare the importance of facial and body movements, both separately and together.
Body movements are in nature non-rigid but they vary hugely in terms of the extent and
type of movements shown as well as in terms of other dynamic parameters, such as
velocity and range. Research of this type would facilitate our understanding of what kind
of motion is facilitating identity recognition.
Secondly, further work is needed to establish what is meant by ‘motion
characteristics’. It is currently unclear whether motion characteristics and distinctiveness
are synonymous or how these parameters are related. Whatever the relationship, the
beneficial effects of motion for identity recognition are most pronounced when the face
or body is moving distinctively (Lander & Chuang, 2005; Butcher & Lander, 2017). We
must work on defining what is meant by motion distinctiveness and determine exactly
how distinctiveness is tied to the dynamic parameters and characteristics of the observed
motion. Like spatially-based distinctiveness (see Valentine, 1991), the motion
characteristics of an individual may be integral to the face representation (see Freyd,
1987) and may be determined in relation to other known people and a ‘norm’ for the
movements shown. In addition, motion distinctiveness may vary by the clip selected as
well as by the individual shown. We should also consider whether common dynamic
characteristics are present in both the facial and body movements of a particular
individual. For example, if a person has particularly pronounced and exaggerated facial
movements, are these dynamic characteristics mimicked in their body movements? Such
commonalities may serve to bind together person identification from their face and body.
Accordingly, a third issue concerns the neural correlates of person identification and
how motion from the face and the body is bound ‘together … into a coherent
representation of a person that supports recognition’ (Yovel & O’Toole, 2016, page 383).
The pSTS is suggested as a possible ‘neural hub’ for dynamic person identification.
Indeed, dynamic information available from the face and body may help us integrate
identity information about a person using the different cues available from the face and

Complimentary Contributor Copy

148

Karen Lander and David Pitcher

body. Future imaging studies should use static and dynamic stimuli from faces and bodies
to investigate person recognition. Research should also consider the role of voice
recognition, as the temporal characteristics present in the movement of the lips are also
heard in the sound of the voice (see Kamachi, Hill, Lander, & Vatikiotis-Bateson, 2003).
Thus, there may be multiple cues to identity available from the dynamic characteristics
present in face, body and voice.
Finally, we should consider the practical implications of the moving-face and
moving-body advantage. In ongoing work (Leverhulme Trust grant awarded to Lander,
Frowd and Cootes), we animate face composites. Face composites are face images
created of the suspect by a witness, typically following a serious crime. Creating dynamic
versions of the face composites (using their own motion or that of another person) seems
to aid the recognition of identity (also see Frowd, this volume), suggesting an important
role for motion in suspect identification and other security applications.
To summarise, a key role of facial motion in face recognition and learning is now
established but more research is needed to consider the role of body movements and face
and body movements in combination. New technologies and experimental methods have
led to important findings and this research continues to uncover important information
about moving faces and moving bodies. It is important that we gain converging evidence
from both behavioural and neural methodologies to draw strong theoretical and applied
conclusions.
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Chapter 9

DO YOU LOOK WHERE I LOOK? MOVING AWAY
FROM THE STANDARD GAZE CUEING PARADIGM
Frouke Hermens*
Department of Psychology, University of Lincoln, England, UK

ABSTRACT
Studies have suggested that seeing another person’s averted gaze leads to strong
spatial cueing of attention in the direction where the other person is looking.
Demonstrations of these gaze cueing effects have typically relied on presenting gaze cues
at fixation and in isolation, and asking people to fixate the centrally presented cue. This
method of presentation is unlike how other people’s faces are normally perceived, where
gaze cues are embedded in natural scenes and observers make eye movements to and
away from the cue. This chapter will provide an overview of accumulating evidence
suggesting that when moving away from the standard method of studying the effects of
other people’s gaze, perceiving a person’s averted gaze exerts a much weaker effect on
observers’ attention than in the standard paradigm. Instead, cues that have a clear shape
that can easily be distinguished away from fixation, such as arrows and turned heads,
most strongly shift attention in the observer, dominating influences of biological
relevance of the cue.
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INTRODUCTION
From an ecological perspective, it makes sense to assume that directional cues
provided by other people direct attention in observers. If someone else shifts their eye
gaze, turns their head, rotates their body, or makes a pointing gesture towards an object, it
is reasonable to believe this object will of interest, not only to the person who provides
the directional cue, but also to the observer. While there are many ways in which
someone can provide a directional cue (eye gaze shifts, head rotation, body rotations,
pointing gestures), research has mostly focused on the influence of perceived eye gaze
shifts.
Furthermore, research on the effects of perceiving another person’s gaze shift has
commonly relied on a paradigm introduced for other types of cues (peripheral onsets,
centrally presented arrows; Posner, 1980), often referred to as the Posner cueing
paradigm. The paradigm is illustrated in Figure 1. Participants look at a computer screen
and are shown a sequence of images consisting of a fixation dot (meant to draw attention
to the center of the screen), a centrally or peripherally presented cue, and a peripherally
presented target. The task of the participant is to respond to the target as quickly and
accurately as possible, typically by pressing a button to indicate its identity (e.g., whether
a letter ‘F’ or a ‘T’ is shown), or its location (e.g., whether the target appeared left or
right). In these experiments, it is possible to vary in what portion of trials the cue is valid
(i.e., how often the cue points in the direction of where the target is going to appear). In
the original experiments by Posner (1980), cues were valid in 80% of the trials, but more
recent studies often use cues that are unpredictive (the target appears at the cued location
in 50% of the trials) or cues that are counter-predictive (e.g., Driver et al., 1999; Friesen,
Ristic, & Kingstone, 2004; Tipples, 2008), where the target appears more often opposite
to the direction of the cue. In this latter case, the best strategy for the participant would be
to prepare a response in the direction opposite to that indicated by the cue. Therefore, if
responses in the cued direction are faster in the presence of counter-predictive cues, this
means that the cue strongly draws attention in its direction, overriding any strategies that
participants may adopt to respond to targets in the opposite direction.
The Posner cueing paradigm is thought to distinguish between two types of cueing
(Jonides, 1981; Mueller & Rabbitt, 1989). On the one hand, there are endogenous cues
that are thought to lead to faster responses to targets in the cued direction because
participants voluntarily shift their attention in the direction of the cue. On the other hand,
there are exogenous cues that are believed to shift attention automatically in the direction
of the cue. In order to distinguish between the two types of attention shifts (endogenous
and exogenous), specific properties of cueing effects have been identified that suggest
exogenous cueing. These properties include fast activation of the cueing effects (within
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the first 300ms), a reversal of cueing effects at longer intervals between the cue and the
target, known as inhibition of return (Klein & Ivanoff, 2008; Posner & Cohen, 1984;
Posner, Rafal, Choate, & Vaughan, 1985), and cueing effects in the presence of counterpredictive cues.
After early studies demonstrated that unpredictive (Friesen & Kingstone, 1998) and
counter-predictive gaze cues (Driver et al., 1999) lead to faster responses to targets in the
cued direction, the literature on gaze cueing focused on the question whether attention
shifts elicited by gaze cues are exogenous or endogenous in nature, and whether gaze
cues are ‘special’ (i.e., whether they lead to stronger cueing than other centrally presented
cues, such as arrows). For example, Nummenmaa and Hietanen (2006) compared the
influence of gaze cues and sudden onsets on saccade trajectories (assumed to measure the
automatic programming of an eye movement in the direction of the cue) and found
similar influences on trajectory deviations for both types of cues, arguing that gaze cues
elicit exogenous attention. Hermens and Walker (2010) then added arrow cues to the
paradigm and found that saccade trajectories were similarly influenced by gaze and arrow
cues, but more strongly influenced by peripheral onsets. These stronger influences of
peripheral onsets were not the result of different visual properties of the onset cues (i.e.,
similar influences were found from filled squares and outlines of a square, or from small
and large squares). Likewise, Friesen et al. (2004) suggested that counter-predictive gaze
cues were unique in that they could lead to attention shifts in the observer, whereas later
Tipples (2008) argued that counter-predictive gaze cues and arrows have similar effects.

Figure 1. Illustration of the attention cueing paradigm. Participants are presented with a centrally
presented fixation point and two place-holders. For a brief period, a cue is presented, either in the form
of an arrow (endogenous cueing), the highlighting of one of the place-holders (exogenous cueing) or an
image of averted eyes (either in isolation or as part of a face image; gaze cueing). The cue is followed
by the target, presented in one of the two place-holders.
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All these studies have in common that they employ a cueing paradigm based on
Posner (1980). In a typical study, a gaze cue (a face with averted eyes, or averted eyes in
isolation) is presented in isolation at the center of fixation, followed by a peripherally
presented target. Typically, participants are asked to fixate, but ignore the face and
respond to the peripheral target without moving their eyes. The question therefore arises
whether effects obtained in such a paradigm are indicative of the effects of perceiving
another person’s averted gaze in day-to-day situations. In such real-world situations,
faces of people are embedded in natural scenes and often an eye movement towards
someone’s face is made before fixating an area close to the person’s eyes. In this chapter,
I would like to argue that the strong cueing effects from gaze cues found in many studies
(for a review, see Frischen, Bayliss, & Tipper, 2007) may be an artefact of the attention
cueing paradigm, and the instruction to fixate on (but ignore) the centrally placed gaze
cue. When participants are allowed to move their eyes as they wish, cueing effects
change (Hermens, 2015). Moreover, placing gaze cues away from (initial) fixation
strongly reduces the strength of eye gaze cues, but leave the effects of other types of cues
(e.g., head turns, pointing gestures, arrows) largely intact (Hermens, Bindemann, &
Burton, 2017).

NATURAL SCENES
The first question to address is whether embedding gaze cues in natural scenes, rather
than presenting them in isolation, changes the effects of the cues. Several studies have
suggested that people in a natural scene strongly attract the attention of the observer
(Birmingham, Bischof, & Kingstone, 2008a, 2008b, 2009a; Birmingham et al., 2009a;
Castelhano, Wieth, & Henderson, 2007; Cerf, Harel, Einhäuser, & Koch, 2008; Yarbus,
1967; Zwickel & Võ, 2010), in particular to the eye region (Birmingham, Bischof, &
Kingstone, 2007). Images containing people are also remembered better (Humphrey &
Underwood, 2010). When placed in direct competition, people attract observers’ attention
more strongly than arrows (Birmingham et al., 2009a). The tendency to attend people in a
visual scene depends on the social context of the scene (Birmingham et al., 2008b) and is
not predicted from low-level saliency models (Birmingham, Bischof, & Kingstone,
2009b), unless an additional face detection process is included (Cerf et al., 2008).
In addition to attracting attention, people in visual scenes can also direct attention of
observers. For example, changes in natural scenes can be detected more easily when they
are near the cone of view of a centrally placed individual (Langton, O’Donnell, Riby, &
Ballantyne, 2006). When asked to freely view images containing either a computergenerated image of a person or a similar size standing loudspeaker, observers more often
fixate the individuals in the scene and more often follow the direction indicated by the
individual than the direction indicated by the loudspeaker (Zwickel & Võ, 2010). Gaze
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following is also found when gaze cues are embedded in a series of images telling a story
(Castelhano et al., 2007). When presented with pairs of pictures, observers tend to look at
the picture containing a person, and subsequently shift their attention in the direction of
gaze of that person (Fletcher-Watson, Findlay, Leekam, & Benson, 2008). When
watching video clips of magic tricks, observers are less likely to detect the disappearance
of an object when the magician in the video clip looks away from the hand that was
hiding the object (Kuhn, Tatler, & Cole, 2009), and undeceived participants are less
likely to look at the face of the magician (Tachibana & Kawabata, 2014). Gaze following,
however, depends on the task. When observers are asked to avoid colliding with an
upcoming walker, they tend to look away from where the walker is looking
(Nummenmaa, Hyönä, & Hietanen, 2009).
To examine how gaze cueing compares to other cues of direction in natural scenes,
we recorded eye movements while participants watched scenes of a university campus
and neighboring town (Figure 2; Hermens & Walker, 2015). Scenes were each presented
four times (in systematically different orders across participants). One time the scene was
presented with a person looking at a target object, one time with a person pointing at the
target object, one time with an arrow sign pointing at the target object and once without
any of the cues, but with the target object. Observers were given one of two instructions.
Either they were asked to look at each of the images without an instruction (free
viewing), or they were asked to indicate whether a small section of a picture (presented
after the original image) was part of the scene just seen (memory task). Eye movements
showed that people in the scenes (either gazing or pointing) attracted the attention of the
observer, and more strongly than the arrow sign. Analysis of the eye movements leaving
the cues (the face, the arm, or the arrow sign), however, did not show a particular
advantage of the gazing people in the scene in directing the observers’ attention towards
the target object. Instead, pointing gestures and arrows resulted in more eye movements
towards the cued object. While following of the cues occurred less often in the memory
task, the relative effects of the different cues were no different in the group that
performed free viewing and the group that had the memory task. Taken together,
however, results do not suggest that placing cues in a natural environment dramatically
changes their effects, compared to when they are presented in isolation, as in the standard
cueing paradigm (e.g., Driver et al., 1999; Friesen & Kingstone, 1998).

FIXATION INSTRUCTIONS
A second question to be addressed is whether instructing participants to fixate the
cues and not to move their eyes influences the effects of the cues. As discussed, when
presented with natural scenes, observers tend to fixate the people in the scenes.
(Birmingham et al., 2008a, 2008b, 2009a, 2009a; Yarbus, 1967; Zwickel & Võ, 2010).
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This may not provide an immediate problem for the standard gaze cueing paradigm, as
the experimenter’s aim is to have participants look at the face cue, which participants
may automatically do. However, during one of my studies examining the effects of
dynamic eye gaze shifts and corresponding opposite head shifts in an eye tracker, I found
that participants moved their eyes when I did not give them an explicit instruction to
fixate the gaze stimulus (Hermens, 2015). The paradigm used two place-holders for the
target to appear in, left and right of the gaze cue (Figure 3). Participants tended to move
their gaze between the face and the two place-holders before the onset of the cue, during
the presentation of the cue, and in the period between the offset of the cue and the
presentation of the target. The influence of these eye movements was investigated in the
context of inhibition of return for gaze cues.
Studies on inhibition of return (slower response times for congruent than for
incongruent cue conditions; IOR) for gaze cues typically observe IOR only at very long
intervals between the presentation of the cue and the target (typically at 2400ms).
Illustrated in Figure 3, whether IOR is found for gaze cues critically depends on directing
the observers’ attention back to the center of the screen (away from the cued location),
either by the offset of the face (Frischen & Tipper, 2004; Frischen, Smilek, Eastwood, &
Tipper, 2007; Jingling, Lin, Tsai, & Lin, 2015), by a change in the background color
(Frischen et al., 2007), or by the highlighting of the centrally presented face (Marotta et
al., 2013). Inhibition of return for gaze stimuli is only found in typically developing
children and not in Asperger’s syndrome (Marotta et al., 2013), and not found in younger
children (younger than 9 years; Jingling et al., 2015).
Past studies have suggested that IOR is linked to eye movements, and that IOR can
be found for arrows if instructions to participants ensure that an eye movement is
prepared in response to the arrow cue (Rafal, Calabresi, Brennan, & Sciolto, 1989). This
raises the question what the influence of spontaneous eye movements between the gaze
cue and the two place-holders is on the time-course of the cueing effects. To examine the
influence of participants moving their eyes in that specific way, three groups of
participants were compared (Hermens, 2015): (1) Participants instructed to remain
fixated on the center of the display until the appearance of a peripheral target, after which
they had to make an eye movement to the target, (2) participants instructed to remain
fixated on the center of the display and to respond as quickly as possible to a peripheral
target by pressing one of two keys to indicate its location, (3) participants allowed to
freely move their eyes and to respond as quickly as possible to the peripheral target by
pressing one of two keys (see Figure 3). No cue was given to direct attention back to the
center of the display after the onset of the gaze cue, so normally IOR would not be
expected (Frischen & Tipper, 2004; Frischen et al., 2007; Jingling et al., 2015).
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Figure 2. Illustration of the four stimulus conditions and the memory task in Hermens and Walker (2015). Participants were presented with photographs of
scenes from a university campus and a neighboring town, in which a person looked or pointed at a target object (one of the bins in the example) or an arrow
pointed at the object. Eye movements in these conditions were compared to when there was no directional cue (to examine how likely the target object was
looked at by observers in the absence of cues). Participants performed one of two tasks: A free viewing task (simply: ‘look at these images’), or a memory task,
where participants had to indicate whether a section of an image was taken from the preceding image.
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Figure 3. Illustrations of the stimulus sequences used to study inhibition of return for gaze cues and
summary of the results. The face images are not the originals, but instead from the chapter author, and
colors shown in the illustrations may deviate from the actual colors used in the experiments.

Comparison of response times to the target in the three groups showed a clear effect of
the eye movement instruction. Participants that were instructed to remain fixated on the
center showed facilitation at the short (100ms) stimulus onset asynchrony (SOA), a
weakened facilitation effect at the 500ms SOA, and no effect of the cue at the longer
900ms SOA. Participants who were allowed to make eye movements most often did so
(only a few participants chose to remain fixated on the center of the screen) and moved
their eyes from the center of the screen, to the place-holders and back. These participants
did not show an effect of the cue at the shorter and intermediate SOAs (100ms and
500ms), but showed evidence of IOR (longer response times for incongruent cues) at the
longer (900ms) SOA. When the data were split into trials in which participants happened
to fixate on the target place-holder (the location of the target was unpredictable to the
participants), the face, or the opposite place-holder at the moment the target appeared,
IOR was only found when participants fixated the opposite place-holder. Eye movements
therefore seem to influence the effects of gaze cues, which questions the validity of the
standard gaze cueing paradigm with an explicit fixation instruction to study the effects of
gaze cues in day-to-day viewing.

EXTRAFOVEAL CUEING
A third question is whether the effects of gaze cues are the same for cues presented at
fixation and for those presented away from fixation (either without or with the chance to
look at the cues). A reason to believe that the effects of gaze cues in peripheral (beyond
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5◦ of visual angle) or extrafoveal vision (beyond 2◦, Rayner, 1998) may be reduced, is
that facial features have been shown to be affected by crowding, where surrounding
information in peripheral vision impairs the identification of a target object’s features
(such as the shape of the mouth; Martelli, Majaj, & Pelli, 2005).
Two studies examined the interference effects from pairwise presented cues when
participants were either instructed not to make eye movements (Nummenmaa &
Hietanen, 2009), or stimuli were presented for such a short time that eye movements were
not possible (Burton, Bindemann, Langton, Schweinberger, & Jenkins, 2009). The
paradigms of the two studies are illustrated in Figure 4. In the study by Nummenmaa and
Hietanen (2009), participants were instructed to remain fixated on the center of the
screen, while covertly attending to one of the two stimuli and ignoring the other stimulus.
Peripheral targets were presented in the direction of the attended cue or in the opposite
direction and participants were instructed to either localize or detect these targets as
quickly as possible. With line-drawings of arrows and eyes, as illustrated in Figure 4,
distractor gaze and arrow cues provided similar distraction effects on the cueing effects
of the attended cue, but only when the attended cue (eyes or arrow) was 50% valid. When
the peripheral target always appeared in the direction of the attended cue (100% cue
validity), the distractors no longer had an effect. When the line-drawings were replaced
by photographs of the eye region of a face and photographs of arrow signs, arrows, but
not eyes, interfered with the 50% valid attended cues. These results were independent of
whether participants localized or detected the target. These results suggest that in
peripheral vision, gaze and arrow cues have similar effects on people’s attention,
although such peripheral distraction effects may depend on cue validity and the image of
the cue (photograph versus line-drawing).

Figure 4. Illustration of the studies by Nummenmaa and Hietanen (2009) and Burton et al. (2009)
investigating interference effects from conflicting cues. Nummenmaa and Hietanen (2009) instructed
their participants to remain fixated on the middle of the screen, so that in their Experiment 2, both cues
were presented in extrafoveal vision, whereas in their Experiment 3, one cue was presented at fixation,
whereas the other was presented away from fixation. Burton et al. (2009) presented the two stimuli for
200ms only, so that eye movements to the distractor were unlikely.
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Burton et al. (2009) applied a very similar paradigm, but presented stimuli for 200ms
to avoid eye movements to the distractor cue. They asked participants to respond to the
direction of the cue, rather than a cued object, as illustrated in Figure 4. Four different
cues were compared: Gazing eyes within a face, gazing eyes in isolation (the eye region
only, as in Figure 4), a rotated head, and a pointing hand (as in Figure 4). The results
showed that pointing hands interfered with gazing eyes (either in a face or in isolation),
but that gazing eyes did not interfere with pointing hands. Rotated heads had similar
effects as pointing hands. The effects were independent of the relative size of the two
stimuli, the distance between the two stimuli, or how clearly the hand cue pointed to the
left or right. In these experiments, participants always responded to the direction of the
target cue (presented at fixation), and one could argue that the cue was therefore always
valid (100% cue validity). It is therefore interesting that when responding to the cue,
rather than a cued object, 100% cue validity allows for interference effects. Furthermore,
while Nummenmaa and Hietanen (2009) found distracting effects from gazing eyes, no
such effects were found by Burton et al. (2009), although this difference could be
explained from the type of image used (line-drawings versus photographs), as no
distraction effects from photographs of gazing eyes were obtained by Nummenmaa and
Hietanen (2009) either.
The question arises whether these results critically depend on preventing eye
movements in the participants. Data by Langton and Bruce (2000) suggests that eye
movements towards the stimuli do not make a difference. Langton and Bruce (2000)
asked participants (in Experiment 2 of their paper) to indicate the direction of one of two
directional cues provided by the same individual, as illustrated in Figure 5. The images
were presented until participants provided the response and no instructions about eye
movements were given. Congruency of head turns were found to influence responses to
pointing gestures and vice versa, with stronger interference from pointing gestures on
head turns than the other way around. Similar results were found when the pointing
gesture was not provided by the index finger, but by the thumb instead, suggesting that
reduced visual acuity in peripheral vision may prevent precise processing of the cues
(c.f., Ariga & Watanabe, 2009). Distraction effects were also found from arrow cues
painted on the shirt worn by the actor, although not in all conditions, suggesting that the
distraction effects may not be limited to social cues only, in line with Nummenmaa and
Hietanen (2009).
The influence of extrafoveally presented cues was more systematically investigated
by Hermens et al. (2017), who examined eye movements during the tasks, reaction times
and mouse trajectories, and the influence of fixation instructions verified with an eye
tracker. The basic paradigm in these experiments is illustrated in Figure 5. Participants
were presented with two cues, one presented above and one below fixation. At the start of
each experimental block, participants were instructed which cue to respond to in that
block. The position of that cue (above or below fixation) was randomly selected on each
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trial, so that participants were discouraged from a strategy of attending one of the
possible two locations of the cue (eye movement recordings suggested that participants
fixated the fixation point at the beginning of most trials), but participants were free to
make eye movements. In all but one of the experiments, four social cues were compared,
adopted from Burton et al. (2009). These were: Eyes within a face, the eye region only,
pointing hands, and rotated heads. These experiments showed that participants were
faster to respond to the pointing hands and the rotated heads, compared to the gazing eyes
(in isolation or within a head), but that distractor cues did not strongly influence reaction
times to the target cues. Similar results were found when participants were asked to
respond to letters cued by the target cue, rather than to the cue itself. When participants
were asked to respond by moving a mouse cursor to a response box associated with the
direction of the target cue in the top or bottom of the screen (i.e., by using a mouse
tracking paradigm; Freeman & Ambady, 2010), mouse trajectories showed large
deviations for incongruent distractor directions provided by rotated heads and pointing
hands. These data suggest that reaction times and mouse trajectories measure two
different aspects of the cues. Reaction times measure the relative strength of cues as
targets, while mouse trajectories measure the strength of the cues as distractors.
Langton & Bruce (2000)

Hermens, Bindemann & Burton (2017)

until
response

until
response

Figure 5. Illustration of the studies by Langton and Bruce (2000) and Hermens et al. (2017)
investigating interference effects of conflicting cues while allowing for eye movements. In both studies,
participants were asked to indicate the direction of one of the two cues, while ignoring the other cue. In
Langton and Bruce (2000), the cues were provided by a single actor (image shown here not from the
original study, but instead enacted by the author of this chapter). In both studies, the images were
shown until participants provided a response and no instructions on eye movements were given.

Eye movement recordings showed that, as targets, the two cues that were responded
to fastest and had the strongest effects on mouse trajectories (the pointing hands and
rotated heads) were less often looked at than the two (eye gaze) cues. Fixation of the
distractors depended on the similarly of the two cues. When the target was the pointing
hand, distractors (all provided by a person’s head or eyes) were not often fixated.
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Pointing hands as distractors were not often fixated when the target was one of the other
cues (all provided by a face or a pair of eyes). When the target cue was provided by a
face, head or pair of eyes, distractors that were not a hand were more frequently looked
at. A subsequent experiment showed that the strength of the cues as either the target or
the distractor was related to how easily the direction of the cue could be identified when
looking at the cue was not allowed and the cue had to be processed in extrafoveal vision.
In this experiment, cues were presented above or below fixation without a distractor, and
participants were instructed to remain fixated on the fixation point (verified with an eye
tracker). This experiment showed fastest and most accurate responses for the pointing
hand and rotated head cues, which were also the cues that were responded to most
quickly and yielded the strongest distraction in the other experiments where eye
movements were allowed.
One further experiment examined whether the shape effects of (initially)
extrafoveally presented cues were restricted to comparisons of biologically relevant cues,
or whether similar influences of the shape of the cue could also be found when
biologically relevant and symbolic cues are compared. In this experiment, the influence
of a line-drawing of a pair of eyes (biologically relevant), an arrow (symbolic), a
peripheral onset (an exogenous cue), and a direction word (LEFT or RIGHT; second
symbolic cue) were compared. Response times were fastest for peripheral onset and
arrows targets. Interference was found from arrows and peripheral onsets on direction
words, and from arrows on eye gaze. Together these results suggest that the ease of
identification of the direction of the cue in peripheral vision determines the strength of
the cue, either as the target of the response, or as a distractor. Importantly, the biological
relevance of the cue does not seem to determine the effect of the cue in extrafoveal
vision, as arrows had stronger cuing effects than gazing eyes. Moreover, the cueing
effects do not seem to depend on whether an eye movement to the cue can be made,
meaning that the strength of the cue is determined in the early stages of processing,
before the eye movement is made to the target cue.

VISUAL SEARCH
The above results suggest that for visual search in cluttered scenes, arrow cues and
pointing hands should be superior in directing attention to the search target, compared to
gaze cues. This prediction was tested in a series of experiments (Hermens, in press) by
presenting participants with search displays containing the search target in circular arrays
of distractors and a directional cue, as illustrated in Figure 6. Six different cues were
compared across the experiments, including two gaze cues, two arrow cues, and two
pointing hand cues. The task of the participant varied from detecting the target (pressing
a key when they spotted the target and wait for the time-out if they thought the target was
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absent), localizing the target (pressing a key to indicate the location of the target), to
localizing the cue (pressing a key to indicate the location of the cue). Cues could be
positioned next to the target and point at the target (valid cues), placed next to the target,
but point in a different direction (adjacent invalid cues), be placed elsewhere in the
display and not point at the target (non-adjacent invalid cues) or be absent. Displays of
eight or sixteen objects were used to examine the effects of visual clutter. Reaction times
and eye movements were used to compare the effects of the various cues.
Results suggested that valid arrow cues, but not gaze cues helped participants find the
target. Hand cues also helped target localization, specifically when the outline hand was
used, or when the search array consisted of eight objects rather than sixteen. The
influence of the cue on search times was directly related to how easily the cue itself could
be localized in the search array, suggesting that cues that stand out have stronger cueing
effects, although this comparison did not include the gaze cues, and it may therefore be
that gaze cues may still be ineffective despite standing out. Eye movements suggested
that the cue was fixated in a limited number of trials, and that when the cue was fixated,
this did not lead to an automatic shift of attention in the direction of the cue, although
there was a suggestion that cue following was stronger for the arrow than for the gaze
cue.

Stimulus sequence

Cues tested
Search target

Gaze cue 1

Gaze cue 2

Hand cue 1

Hand cue 2

Arrow cue 1

Arrow cue 2

Time
Search array

Figure 6. Illustration of the visual search task and types of cues used. Participants were presented with a
preview of the target to localize or detect, followed by a search array containing the target (in one
experiment, the target could sometimes be absent and participants were asked to wait for the time-out in
such trials), and a directional cue in a subset of the trials. Across three experiments, six different cues
were used, including two gaze cues, two arrow cues and two pointing hand cues. Cues could be
positioned next to the target and point at the target (as in the illustrated stimulus sequence), be located
next to the target, but point elsewhere, or be located elsewhere and not point at the target.
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CONCLUSION
Studies of the effects of gaze cues on observers have typically relied on the standard
cueing paradigm, in which an eye gaze cue is presented at fixation and in isolation, and
participants are asked to fixate the gaze cue while ignoring its direction (Driver et al.,
1999; Friesen & Kingstone, 1998; Friesen et al., 2004). In the present chapter, an
overview was provided of studies examining whether the standard cueing paradigm is
adequate for studying the influence of gaze cues in the real world. Studies that placed
cues in natural scenes suggest that presenting the cues in isolation does not critically alter
their cueing effects (Castelhano et al., 2007; Fletcher-Watson et al., 2008; Hermens &
Walker, 2015; Zwickel & Võ, 2010). Restricting people’s eye movements to the cue,
however, changes the time-course of the cueing effects, leading to inhibition of return at
much shorter stimulus onset asynchronies (Hermens, 2015). Presenting the cues (initially)
away from fixation strongly reduces the effects of eye gaze cues (Burton et al., 2009;
Hermens et al., 2017). Data suggest that the strength of cues initially presented away
from fixation is dominated by the shape of the cue (how easily it can be distinguished in
extrafoveal vision, or how strongly the cue stands out from a cluttered display) and less
so by the biological relevance of the cues (Hermens et al., 2017). Together these results
suggest that to better understand social attention, it is essential to move away from the
standard cueing paradigm (Kingstone, Smilek, Ristic, Kelland Friesen, & Eastwood,
2003; Kingstone, 2009).
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ABSTRACT
Super-recognisers are people who perform face recognition and face matching tests
with very high levels of accuracy. We review the small literature currently available on
super-recognisers and provide a summary of the key findings. Based on what is currently
known, we argue that super-recognisers are best understood as the top performers
sampled from a distribution of normal facial-recognition skills, rather than as a distinct
population of people with ‘superior recognition capacity.’ This conclusion is based on
findings that while super-recognisers as a group outperform controls on tasks of face
processing, this is not true at an individual level. Individual ‘super-recognisers’ do not
consistently exceed the expected performance range for normal face recognition skills.
Moreover, their performance is not always consistent across related face processing tasks.
Given this perspective on super-recognisers, we list open issues that should be addressed
in future research. From an applied perspective, we argue that jobs that require accurate
face identification skills, (e.g., law enforcement), should be filled by people with the best
skills for the job. Given the limited consistency of super-recogniser performance across
tasks, this may require tests that are focussed on the specific face processing skills needed
for the success at a particular job. In this sense, super-recognisers should be considered
‘skilled labour’ for professional face recognition jobs and should be pre-tested as is done
for professionals of all sorts (e.g., athletes, engineers).
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INTRODUCTION
What is a super-recogniser? Super-recognisers are people who have superior levels of
face recognition ability (cf., Russell, Duchaine, & Nakayama, 2009). They frequently
report recognising people not seen for a long period of time or remembering a face only
seen from a brief encounter. Super-recognisers sometimes report having to compensate
for these superior recognition abilities by pretending that an encounter with someone is
the first, even though they know that they have seen the person before. As we will see
from the literature, the criteria for inclusion in a super-recogniser participant group vary
considerably. In some cases, a person must achieve a ‘sufficiently high’ score on a
standard psychological face test, usually the Cambridge Face Memory Test (CFMT). In
other cases, successful face identification in an applied professional setting (e.g., law
enforcement) qualifies a person for super-recogniser status. Further, in the earliest work
on the topic, super-recognisers were studied based on self-reports of their own
extraordinary skills with faces.
Super-recognisers have captured the interest of the public, the media, and face
processing researchers. This is not surprising given the nature of the skill itself and the
potential for super-recognisers to improve the accuracy of decisions made in legal and
security scenarios. Despite the intense interest in super-recognisers, there are many
unanswered questions about the nature of super-recognisers’ skills and the consistency of
the definition of a super-recogniser. One goal of this chapter is to state these questions
explicitly as this will facilitate a dialogue about the basis of super-recognition ability and
address how this has been defined in the literature and in the media.
Face recognition skills vary across the population, as is the case with all other
perceptual and memory skills. The high accuracy of super-recognisers could indicate that
super-recognisers are people with skills that correspond to performance in the extreme
positive tail of a continuous distribution of face recognition skills. Alternatively, superrecognisers may have skills that place them in an entirely different distribution of face
recognition ability. This might be a distribution of superior face recognisers—people
who can be characterised by demonstrating qualitatively different brain/behavioural
processes that enable fundamentally better (and perhaps different) performance than the
rest of us. In other words, their ability may be due to skills that go beyond the
brain/behavioural processes typical in humans. This latter possibility is characteristic of
acquired prosopagnosics. These are observers who perform face recognition tasks with a
fundamentally different brain anatomy than typical observers. The underlying perspective
that a researcher adopts in approaching super-recognisers is important—both in
formulating research questions and in interpreting results.
In this chapter, we review the small but growing body of literature on superrecognisers and provide an up-to-date look at the underlying theory and science. We
begin by listing the key findings that have emerged from this body of work. Next, we
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explore the theoretical questions that may underlie super-recogniser ability. Based on the
key findings and salient theory, we propose seven action items that should be considered
going forward. These points will be made within the context of employing superrecognisers in forensic practice.
In the second half of the chapter, we review and examine the literature that leads us
to our conclusions. Because the literature is currently small (only 9 papers, as of this
writing), we have the luxury of providing a brief overview of each of these papers. These
studies draw on a wide variety of standardised face recognition and matching tests.
Moreover, in some cases, new tests have been developed and introduced. For brevity and
to accommodate readers with different levels of knowledge about standard face
processing assessments, we provide an accompanying archive article with a detailed
description of each test (Noyes & O’Toole, 2017).
This is an unusual presentation order for a review chapter. We adopted this approach
because the literature on super-recognisers has emerged in a kind of theoretical
vacuum—as a collection of intriguing, but diverse, findings focused on people who are
talented at face perception and memory tasks. By beginning with a theoretical
framework, the existing findings can be reconsidered in the context of the basic issues of
how we define a super-recogniser in scientific terms. This structure is designed to make
this chapter accessible to readers with different levels of knowledge about the superrecogniser literature. Readers who are familiar with the original papers can concentrate
their reading on Section 1—the theory and action points. Students and others can read
both Sections 1 and 2—with the goal of acquainting themselves with the literature in the
context of a theory of super-recognisers. We have also tried to make the first section of
this paper understandable for people who are not researchers, but who are interested, for
practical or policy issues, in super-recognisers.

SECTION 1: KEY FINDINGS ON SUPER-RECOGNISERS
For any perceptual or cognitive task, including face recognition, there is a natural
distribution of performance across the population; some people will perform face
recognition tasks with very high levels of accuracy. These individuals will exceed the
population mean substantially. In all of the studies we review, results are reported for
super-recognisers who have superior face recognition ability. We reserve the category of
key findings for the more precisely defined scientific findings.
1. Groups of super-recognisers consistently outperform control groups at face
recognition (Russell et al., 2009) and face perception tasks (Bobak, Bennetts,
Parris, Jansari, & Bate, 2016; Bobak, Dowsett, & Bate, 2016; Bobak, Hancock,
& Bate, 2016; Robertson et al., 2016). Super-recognisers outperform controls on
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2.

3.
4.

5.

6.

recognition and matching tasks that utilise good quality images and also on
matching tasks that consist of image pairs that are challenging (Bobak, Dowsett,
et al., 2016; Bobak, Hancock, et al., 2016; Robertson et al., 2016). It is important
to note that in the majority of research on super-recognisers, the performance of
super-recognisers is reported at a group level. Specifically, accuracy is assessed
on a range of face recognition tasks for a group of people who believe that they
have superior face recognition skills and/or who have been pre-screened to
indicate exceptional face recognition abilities (potential super-recognisers).
Performance for this group of participants is compared to the performance of a
control group that serves as a proxy for the general population.
The super-recogniser group advantage holds for both familiar and unfamiliar
face recognition. Thus, super-recognisers surpass control subjects in tasks
involving familiar faces (Robertson et al., 2016; Russell et al., 2009), and also
tasks that use unfamiliar faces (Bobak, Bennetts, et al., 2016; Bobak, Dowsett, et
al., 2016; Bobak, Hancock, et al., 2016; Davis, Lander, Evans, & Jansari, 2016;
Robertson et al., 2016; Russell et al., 2009). These findings map well onto the
recent face recognition literature, where a clear distinction between human ability
to recognise or match familiar and unfamiliar faces has been highlighted (e.g.,
Jenkins, White, Van Montfort, & Burton, 2011). Super-recognisers, like the
general population, show an advantage for recognising familiar over unfamiliar
faces.
Super-recognisers’ perceptual advantage does not extend to stimuli other than
faces, in so far as this has been tested (Bobak, Bennetts, et al., 2016).
Super-recognisers may employ more effective processing strategies to recognise
faces than controls (Bobak, Bennetts, et al., 2016). This finding is based
primarily on reports of a heightened inversion effect in super-recognisers (Bobak,
Bennetts, et al., 2016; Russell et al., 2009). However, we see a contradictory
result for professional facial forensic examiners, who show a smaller inversion
effect, but systemically surpass controls on face matching tasks (White et al.,
2015).
Not all ‘super-recognisers’ in a super-recogniser group perform with the
expected superior level of accuracy with reference to the comparative control
group. In other words, some individuals in the super-recogniser group perform
well within the expected range for normal recognition ability (Bobak, Bennetts,
et al., 2016; Bobak, Dowsett, et al., 2016; Bobak, Hancock, et al., 2016; Davis et
al., 2016; Robertson et al., 2016).
Performance of individual super-recognisers is not necessarily consistent across
different face-processing (i.e., memory and perceptual) tasks. Super-recognisers
who excel at one type of face-recognition task do not necessarily excel at other
tests in the study (Bobak, Bennetts, et al., 2016).
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7. Some control participants perform with accuracy levels solidly in the superrecogniser distribution. When the accuracy of individual control participants is
reported, it is generally the case that some participants perform at levels similar
to super-recognisers (e.g., Robertson et al., 2016).

A Theoretical Approach to Understanding Super-Recognisers
At a theoretical level, there are two mutually exclusive models of a super-recogniser.
Super-recognisers could be: 1) people who inhabit the top tail of the distribution of
normal face processing performance or 2) people who comprise a distinct group of face
processers with skills that are quantitatively and qualitatively superior to normal face
processers. These two models represent fundamentally different ideas of what a superrecogniser is and how one might be identified. Based on the literature, we argue that
super-recognisers are simply the top performers in a distribution of normal face
processing skills. In other words, they are normal people who happen to be very good at
face perception. We come to this conclusion based on the fact that there is no evidence to
suggest otherwise. We will return later to a sketch of the type of evidence that would be
required to support a claim that super-recognisers are a special or distinct group.
Beginning with normal face processing, let’s consider factors that might contribute to
a subject’s performance on face processing tasks. These factors include: a) natural ability,
b) motivation, c) formal training, and d) (professional) experience. These critical
elements must be considered in formulating a theory about the underlying source of
super-recogniser performance on face processing tasks.
Natural ability, or talent, refers to the part of facial-recognition ability predisposed at
birth. Wilmer et al. (2010) found that face recognition ability is highly heritable among
the general population. Additionally, Lee, Duchaine, Wilson, and Nakayama (2010) and
Susilo and Duchaine (2013) describe cases of developmental prosopagnosia among
several members of the same family. It follows that face recognition ability may involve
a genetic component.
People also differ in motivation to perform accurately on face processing tasks. It is
well known that motivation can affect attention to a task and care in performing the task.
Clearly, both motivation and skill, in some unknown combination, contribute to the
accuracy of face recognition. Unfortunately, there is no experimental way to separate the
impact of these two components on accuracy. This poses a difficult challenge, because
we cannot assume equal motivation on the part of super-recognisers and control
populations. Furthermore, lab studies cannot duplicate the motivation of people whose
jobs involve face recognition or the motivation of super-recognisers who may be
personally invested in their own performance. Whether natural motivation, such as that
likely to be present in professionals and super-recognisers, directly enhances performance
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is not known. It is important to distinguish between natural motivation, of the sort we just
mentioned, and experimentally manipulated motivation. The former is not under the
control of researchers, whereas the latter is potentially a factor that can be manipulated in
an experiment. Motivation has been manipulated experimentally in only one study in the
super-recognition literature (Bobak, Dowsett, et al., 2016). Bobak, Dowsett, et al. (2016)
created a ‘motivated control group’ (in addition to the regular control group), using
performance-based cash incentives. The performance of the regular and motivated
control groups did not differ, suggesting either that incentive-based motivation did not
affect performance or that the particular reward structure used in the study did not
motivate the participants.
There is some limited evidence that formal training, such as that done in-house by
many law enforcement organizations, might improve performance. At present, scientific
evidence for the claim that training can improve face recognition accuracy is weak.
Laboratory studies aimed at demonstrating a beneficial effect of training on face
recognition have yielded mixed results. In one case, no improvements in face recognition
were found following feature-based training (Woodhead, Baddeley, & Simmonds, 1979).
In another study, there was some evidence of benefits from a feature-focused comparison
method that mirrored a technique that was expected to be similar to one used by forensic
experts (Towler, White, & Kemp, 2017). No benefits were found for a face-shape-based
comparison protocol that modelled a different method proposed for facial forensic
comparisons (Towler, White, & Kemp, 2014). However, a learning strategy that involved
immediate feedback showed a limited performance advantage (Robbins & Mckone,
2003; Stevenage, 1998; White, Kemp, Jenkins, & Burton, 2014).
Finally, all humans have a great deal of experience with face recognition in daily life.
It is possible also that experience in a professional context (e.g., at work identifying
suspects) may improve facial recognition accuracy. There is currently no scientific
support for this claim. One study compared face matching accuracy of passport officers
with that of a student control group (White, Kemp, Jenkins, Matheson, & Burton, 2014).
Notably, although White et al. (2014) reported no difference in the accuracy of
experienced passport officers versus students, technically this experiment cannot separate
training from experience. This is always a challenge in an applied setting.
In putting together natural ability, motivation, training, and professional experience
as a model for super-recogniser performance, we can be reasonably sure that natural
ability and motivation—factors that govern performance for normal people—are
likewise the source of the performance of super-recognisers. Thus, we might conclude
that super-recognisers have high levels of natural ability, high levels of motivation, or
both. It is possible that training or experience can affect face recognition performance,
however, relevancy of these two factors to super-recognisers is not obvious. The lack of
experiments on professional experience reflects the difficulty in conducting studies in
applied environments.
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Consequently, we arrive at a model of super-recognisers as people who are at the top
of a distribution of normal face recognition skills. This is analogous to considering ‘tall
people’ as ‘normal people at the top of the height distribution.’ Clearly, genetics is one
causal factor for a person to be tall. Indeed, tall people often have parents or grandparents
who are (or were) tall. From a practical perspective, if being tall gives one an advantage
at basketball, then it is probably a good idea for ambitious basketball coaches to recruit
tall players. Likewise, from a practical security-based perspective, if being good at face
recognition makes you better at a particular job (law enforcement), then law enforcement
should seek out people who are good at face processing.
At present, we argue that there is no compelling support for a model that considers
super-recognisers as a distinct group with special skills and abilities that are not found in
normal people. Although this model has not been proposed explicitly in the scientific
literature, it has sometimes been implied in the media that super-recognisers comprise a
special group of people with super-powers for face recognition.
Before proceeding to the action points, we should first ask, ‘What kinds of evidence
would support a model of super-recognisers as a distinct class of face processors?’ As
should be clear from the preceding text, the heritability of skills does not, by itself,
support this model—any more than the heritability of height supports a model of tall
people as a distinct population. That said, genetic heritability can in some cases indicate a
distinct population. Let’s return to the example of height. Genetic conditions such as
achondroplasia, which may be inherited as an autosomal dominant genetic disorder, is
expressed in people with short limbs who reach an average height well out of the
distribution of people without that disorder. This disorder affects not only height, but
also, limb size, which is the cause of the height difference. For now, what is known about
the heritability of face recognition skills follows the more mundane analogy of normal
height variation, rather than the type of fundamental genetic differences seen in a
condition such as achondroplasia. If super-recognisers showed substantial differences
from normal people in either brain structure or connectivity, or if functional brain activity
differed during face processing tasks, this might suggest a re-evaluation of the hypothesis
that super-recognisers are a distinct population.
Other routes to establishing a distinct super-recogniser population would include
evidence of qualitative differences in processing methods or strategies from those used by
the general population. These differences should hold at both an individual and group
level and should be linked to performance advantages in face processing tasks. To date,
evidence for these differences is lacking (See Section 2).
What follows is a list of action points, which might serve as a guide for future
research on this topic.
Action Point 1: A standard measure of super-recogniser status is needed. The
research community needs to create clear rules about the specific test(s) and the
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associated performance on the test(s) that establish a person as a super-recogniser. The
community must also decide whether each super-recogniser must show consistently high
performance across a range of tasks, or whether superior ability in a single or small
subset of tests is enough to qualify as a super-recogniser.
Action Point 2: With a standard measure of super-recogniser status in place, larger
numbers of individuals who meet the super-recogniser criteria should be recruited and
tested. The literature is based currently on studies that report on small numbers of superrecognisers. These numbers are inadequate to test more general questions about the range
of skills and abilities of super-recognisers.
Action Point 3: A clear set of criteria for defining relevant control groups is needed.
Of particular concern is whether control groups are pre-screened to eliminate people who
perform at the high or low end of the normal distribution. We would argue that this prescreening sets up a bias in the control group that artificially boosts the potential of superrecogniser performance to place outside of the normal population expectation. Another
factor to consider is the motivation of the control group. Although it is never possible to
completely disentangle ability and motivation, in so far as it is possible, studying control
groups with differing degrees of “likely” motivation (e.g., students, professionals in the
area without training, etc.) is advisable. The common use of only students as control
participants is perhaps of limited value.
Action Point 4: Should super-recognisers ever be tested as groups? If we tentatively
accept that super-recognisers are simply the highest performers in a distribution of
normal facial recognition ability, is it ever reasonable to study a group of superrecognisers? In other words, why should one compare a subset of people at one end of a
distribution to the entire distribution? Notably, in many studies, the distribution of normal
performance on one face processing task (e.g., CFMT+) is used to form a group of superrecognisers who are then tested against control participants on another face processing
task. If the performance on these tests correlates strongly, then we are simply comparing
performance of groups sampled in different ways from the same (or similar) distributions.
If this is true, then we should expect to find differences between groups, because they are
pre-set from the sampling procedure. If performance on the two tests is not correlated,
then we should consider the first test as ‘definitional’ of the skill set we are interested in
(e.g., face recognition) and use the other test as an index of the ‘generalisation’ of these
skills to potentially related skills (e.g., person recognition). In any case, the baseline
correlation between performance for the tests in question should be known before
interpreting super-recogniser performance as a group.
We would argue that the logic behind testing groups of super-recognisers is
problematic. Instead, we suggest that measures of individual super-recogniser
performance should be calculated in terms that reference the population of normal
controls and we strongly advise that individual super-recognisers’ raw data should always
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be reported. For example, it is important to know that the performance of superrecogniser X places y standard deviations above the mean.
Action Point 5: Acceptable methods for the recruitment of super-recognisers.
Recruitment of super-recognisers has been inconsistent across studies. Super-recognisers
have been recruited based on self-reported superior face recognition ability (e.g., Russell
et al., 2009), self-reported ability confirmed by the CFMT+ at pre-test (Bobak, Bennetts,
et al., 2016; Bobak, Dowsett, et al., 2016; Bobak, Hancock, et al., 2016; Bobak, Parris,
et al., 2016), high levels of performance from a large CFMT+ study (Davis et al., 2016),
and identification success within the MET police force (Davis et al., 2016; Robertson
et al., 2016). A conclusion on the appropriate method(s) for recruitment awaits a
community-based standard definition of super-recognisers (see Action Point 1).
Action Point 6: Several challenging face recognition tasks, relevant for security, have
not been investigated for super-recognisers. These include face recognition across
changes in viewpoint and illumination (O’Toole, Edelman, & Bülthoff, 1998), across
images captured from different distances (Noyes & Jenkins, 2017), recognition of ‘otherrace’ faces (Malpass & Kravitz, 1969), and the use of bodies and gait when they are
available in security video (Hahn, O'Toole, & Phillips, 2016; Rice, Phillips, Natu, An, &
O'Toole, 2013; Yovel & O’Toole, 2016). Confirmation of a high correlation between
common tests of super-recogniser pre-screening and these other challenging tasks would
enable a practical next step in the predictability of super-recognisers who perform face
recognition tasks for law enforcement.
Action Point 7: Super-recogniser performance should be compared to the
performance of state-of-the-art computer-based face recognition systems. These systems
have been gaining ground on humans for at least a decade and are now in some cases
superior to humans (Phillips & O’Toole, 2014). The future may indeed include research
into the best strategies for combining the face recognition skills of the best humans with
those of the best machines (O’Toole, Abdi, Jiang, & Phillips, 2007).

A Word on Forensic Facial Image Examiners
Forensic facial image examiners are people who make identity judgments with legal
implications as part of their professional employment. They merit mention in the
discussion of superior facial recognition ability, because they surpass control participant
groups (students and other professionals) on tasks of facial processing (e.g., White et al.,
2015; see White, Norell, Phillips, & O’Toole, 2017 for a review). In the context of
natural ability, motivation, training, and experience, the basis of the White et al. (2015)
result is not known, but an analysis of these same contributory factors to performance can
be helpful. We know that forensic experts have professional experience, because they are
required to make identity decisions throughout their career. These forensic examiners
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undergo training. The Facial Identification Scientific Workshop Group (FISWG)
publishes best practice guidelines for training and conducting facial comparisons
(www.fiswg.org). However, little is known formally about the type of training done inhouse in law enforcement. Moreover, it is not known if training is consistent across
organisations and countries or if the training done in law enforcement improves face
recognition.
Additionally, as noted, it is impossible to measure or match the motivation of forensic
experts in laboratory tests, though we assume that it is high, even when the tests are
conducted anonymously (e.g., White et al., 2015). Finally, it is possible that people with
high levels of natural ability are attracted to and succeed at jobs that require high levels
of facial recognition ability. To date, the performance of super-recognisers and forensic
examiners has not been compared directly.

Can Super-Recognisers Make the World Safer?
The media portrays super-recognisers as the key to improving accuracy of forensic
face identifications. By definition, super-recognisers are well qualified for jobs involving
facial processing, because they perform well in tests that tap related skills. In some
senses, research on super-recognisers has indicated that not everyone is equally good at
face recognition. Why is this surprising? It is certainly not surprising that some people
are better at mathematics than are other people: some people are better at learning
languages than others. For whatever reason, many of us seem to assume that all humans
are experts at face recognition, and so, one person is as able as any other when it comes
to recognising faces. Consequently, when people with excellent skills are identified, they
seem special or unexpected. The simple logic of distributions would lead us to expect
that some people will inhabit the high accuracy tail of the distribution of face recognition
skills. These people should be well suited for jobs that involve face identity judgments,
just as people in the tail of the math distribution will be well suited for accountancy jobs.
Super-recognisers, carefully defined, can make the world safer. Facial-recognition
tests need to be introduced into the recruitment protocol for jobs that require high levels
of the skill. The pre-screening tests should mirror the exact task requirements for the
specific job. However, it should be understood that super-recognisers make errors. In the
literature we have reviewed, the highest performing super-recognisers rarely performed
with 100% accuracy and there is a broad range of individual performance, with notable
inconsistency in performance across tasks.
It is also worth remembering that judgments made using the wisdom of crowds have
led to far more accurate results than the decision of one person (Hu et al., 2017; White,
Burton, Kemp, & Jenkins, 2013; White et al., 2015). Decisions of several superrecognisers could be combined to reduce errors (see Noyes, 2016).
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SECTION 2: DETAILED SUMMARY OF PREVIOUS RESEARCH
In this section, we provide a detailed summary of studies in the super-recogniser
literature. We should note at the outset that these studies are described in depth. Although
lengthy, we think that the detail is necessary to understand non-convergent findings in the
literature. At the end of each description, we summarise the key findings that the study
supports. Descriptions of the face processing tests used in the studies below are provided
in Noyes and O’Toole (2017).

Super-Recognisers: People with Extraordinary Face Recognition Ability.
Russell, Duchaine, and Nakayama (2009)
Russell et al. (2009) undertook the first research on super-recognisers. Their study
launched unexpectedly following the media attention generated from their lab’s work on
developmental prosopagnosia. In that work, they recruited people from the general public
who reported a lifelong impairment in recognising faces, without any history of brain
trauma. The media coverage prompted four members of the general public to contact the
lab, in hopes of being tested for the opposite ‘problem’—each of these people claimed
that they had excellent facial recognition abilities.
Russell et al. (2009) tested these potential super-recognisers on three different tasks
of face recognition and compared their performance to controls on each task. In Task 1,
they measured the ability to recognise famous faces across time, using the Before They
Were Famous Test (BTWFT). In Task 2, they measured the ability to remember faces
that were seen for the first time during the study using the Cambridge Face Memory Test
(CFMT): Long Form (c.f. Duchaine & Nakayama, 2006; Russell et al., 2009). In Task 3,
they tested the ability to match faces based on similarity of appearance with the
Cambridge Face Perception Test (CFPT) (Duchaine, Germine, & Nakayama, 2007). On
all three tests, the super-recognisers’ results were analysed at a group level (average score
of all super-recognisers compared to average result of a control group) and at an
individual level (raw scores of super-recognisers compared to raw scores of controls).
On the BTWFT, the super-recognisers far outperformed controls by an impressive
effect size (Cohen d = 3.57). The authors report statistics only for group level analysis
and raw score comparisons for individuals. Raw accuracy scores of each of the superrecognisers surpassed raw scores for all but one of the control subjects. This control
subject performed at the same level as the lowest-performing super-recogniser. For the
CFMT long form, all super-recognisers achieved a higher accuracy score than the
controls and three of the four super-recognisers scored 2SDs above the control mean. The
authors suggest the score of 2SDs above the control mean as appropriate criterion for
super-recogniser classification. This is based on the criterion for developmental
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prosopagnosia, which is 2SDs below the control mean, and on the presumption that
super-recognisers have the ‘opposite problem.’ The high individual accuracy among
super-recognisers translated to greater group accuracy for super-recognisers compared to
controls on the CFMT. Again, the effect size was very large (Cohen’s d = 2.94). On an
abbreviated version of the CFMT (referred to as the CFMT: Short Form) all superrecognisers performed at ceiling.
On the CFPT, super-recognisers outperformed controls, but with a smaller effect size
on this perception task (d = 1.48) than on the CFMT. A graph in the paper illustrates
deviations from group performance by specific individuals. Again, based on raw scores
alone, four controls surpassed all but one of the super-recognisers, and one of these
controls performed more accurately than all of the super-recognisers.
Russell et al. (2009) also used the CFPT to measure the ‘inversion effect’ for faces
(Valentine, 1988). The inversion effect is the well-established finding that people
recognise upright faces far more accurately than inverted faces (Yin, 1969). The effect is
measured as the difference in accuracy for recognising upright versus inverted faces. In
general, the inversion effect for faces is larger than for objects. According to theories of
holistic face processing, larger inversion effects suggest greater reliance on the
configuration of a face than on features. Because it is assumed generally that holistic
processing results in more accurate recognition than feature-based processing, the
inversion effect is thought to index normal human expertise for faces (though see Rossion
and Curran (2010) for a complete review). For present purposes, if super-recognisers
have enhanced processing ability, then one may expect them to show a larger inversion
effect than controls. Consistent with this idea, the super-recognisers in Russell et al.’s
(2009) study demonstrated a larger inversion effect than controls. It is worth noting that
although it is tempting to interpret a larger inversion effect as evidence for a strategic
difference between groups, it is also possible to see inversion effects as tapping a
continuous distribution of relative reliance on holistic versus feature based processing.
We should consider this caveat as we proceed.

Summary
This study provides the first experimental evidence on ‘super-recognisers.’ As a
group, super-recognisers surpassed control participants on famous face recognition, face
memory, and face perception (Key Finding 1). Evidence of a heightened inversion effect
in super-recognisers might (or might not) support the idea that there may be qualitative
differences in processing by super-recognisers versus control subjects (Key Finding 4).
The authors also consider whether super-recognisers are at the top tail of the distribution
of normal face recognition skills or are a distinct group of face recognisers. Although
they do not rule out the latter, they suggest the former based on a lack of evidence to
suggest that super-recognisers recognise faces in a qualitatively different way than the
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general population. This is in line with the theoretical standing that we take and described
in Section 1.

Developmental Prosopagnosia and Super-Recognition: No Specific Role
for Surface Reflectance Processing. Russell, Chatterjee, and Nakayama (2012)
The question addressed in this study is whether super-recognisers, controls, and
prosopagnosics differ in their perceptual ability to perceive pigmentation (i.e., colour)
and shape differences in faces. Participants completed a modified version of the CFPT
that included only upright face trials. As in the original CFPT, participants ranked a target
face for its similarity with six other face images. In this new task, they used a technique
to compare participant groups’ reliance on shape versus pigmentation cues. Specifically,
the six comparison faces were edited digitally, using systematic morphing, to differ from
the target face in face shape or in pigmentation only. Therefore, similarity ratings were
driven by shape or pigmentation differences. For example, the correct rank order was to
place the face image that matched the target most closely in shape or pigmentation
(depending on trial condition), followed by the next closest match, and so on.
For all groups, super-recognisers, controls, and prosopagnosics, face-matching was
more accurate with shape cues than with pigmentation cues. This suggests qualitative
similarity in processing shape and pigmentation across a wide range of performance
abilities. In the experiment overall, as expected, the super-recognisers were the most
accurate, followed by controls, and prosopagnosics.
In a second experiment, Russell et al. (2012) tested whether differences in shape
versus pigmentation reliance were reflected in a face memory task. In this task,
participants learned new face images. At test, participants viewed two faces; a target face
and a distractor (different identity) face. The distractor always matched the target in
either shape or pigmentation. As in the matching task, there was no link between face
recognition ability and relative reliance on either shape or pigmentation.

Summary
The finding of similar reliance on shape versus pigmentation, regardless of facial
recognition ability, does not provide support for the idea that super-recognisers differ
qualitatively from normal recognisers (Key Finding 4). Therefore, if there are qualitative
differences between super-recognisers and normal controls, they are not based on
differential processing of shape and pigmentation cues in faces. Super-recognisers were
the highest performing group in both the memory and matching task (Key Finding 2).
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Face Recognition by Metropolitan Police Super-Recognisers. Robertson,
Noyes, Dowsett, Jenkins, and Burton (2016)
People who have superior-face recognition ability may be successful in jobs that
require accurate identity decisions. Indeed, the Metropolitan (MET) Police in London
have created a Super-Recogniser Unit. This unit consists of pre-existing MET officers,
who are thought to be highly skilled in facial recognition, based on high numbers of
successful identifications of suspects. Although this unit attracted media attention
following the London Riots in 2011, at that time, there was no published research on the
face recognition ability of these officers on standardised psychological tests.
Subsequently, Robertson et al. (2016) tested four members of the MET super-recogniser
unit on a standardised test of unfamiliar face matching (GFMT, see Burton, White, &
McNeill, 2010), a more challenging task of unfamiliar matching (MFMT, see Dowsett &
Burton, 2014), and a very challenging task of unfamiliar and familiar-face matching
(PLT, see Noyes & Jenkins, 2017). The mean age of the police officers was 40,
(range = 33–47).

Figure 1. Graph depicting performance of police super-recognisers (black filled circles) and controls
(white filled circles) on the three tasks of face matching. Figure from Robertson et al. (2016).

On the GFMT, police super-recognisers (mean accuracy = 95.8%) outperformed
police trainee controls (N = 194, mean accuracy = 81.3%). On the MFMT, police superrecogniser accuracy surpassed controls’ (N = 54) accuracy by nearly 20%. The PLT was
used to compare police super-recognisers’ identity-matching accuracy for familiar faces
only, with that of controls (N = 30). Despite the challenges of imposter similarity and
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image quality posed by the PLT, super-recognisers again excelled, performing with 93%
accuracy, by comparison to 73% for controls.
As in Russell et al.'s (2009) study of super-recognisers, some individuals in the
control groups performed as well as, or better, than some of the super-recognisers (see
Figure 1). As we shall see, this will be a common finding for comparisons of superrecognisers and controls as we move forward in the literature (Key Finding 5).

Summary
The police super-recognisers surpassed controls on all three tests of face recognition,
including two tasks of a challenging nature (Key Finding 1). This result held for both
unfamiliar and familiar face matching (Key Finding 2). Also, by inference this suggests
that MET police super-recognisers are comparable to the super-recognisers tested in
previous work. There were notable individual differences, and as we will see in other
studies of super-recognisers, there were members of the control groups who performed
equal to, or better than some of the super-recognisers (see Figure 1) (Key Finding 5).
Additionally, the performance rank order of the super-recognisers varied across task
suggesting some variability in individual performance generalisation (Key Finding 6). In
each of the experiments, one or more control participants performed with very high
(‘super-recogniser level’) accuracy (Key Finding 7).
With security implications in mind, it is important to stress that super-recognisers are
not perfect at recognising faces. In two of the tasks presented in this study, there was only
one police ‘super-recogniser’ who performed perfectly. However, this was not the same
officer across the two tasks. No officer was at 100% accuracy on multiple tasks of face
recognition.

Super-Recognisers in Action: Evidence from Face Matching and Face
Memory Tasks. Bobak, Hancock, and Bate (2016)
Seven super-recognisers were tested on face matching and face memory abilities.
Superior face recognition ability of all super-recogniser participants was confirmed at
pre-test using the CFMT long form. Specifically, all seven super-recognisers performed
between 1.4 and 2.1 SDs above the published general population norm for the CFMT pretest (Bobak, Parris, Gregory, Bennetts, & Bate, 2016). Control participants in these
studies were pre-screened on the same task. Notably, any control who performed at
prosopagnosic or super-recogniser face recognition level on the CFMT long form was
removed from the study. This is the first study of super-recognisers to pre-screen and
exclude top and low performers from the control group. Results from this study are thus
not directly comparable to those of studies that do not pre-screen control participants.

Complimentary Contributor Copy

188

Eilidh Noyes, P. Jonathon Phillips and Alice J. O’Toole

In Experiment 1 super-recognisers and controls (N = 22) were tested on a face
matching line-up scenario task. Participants viewed a ‘target face’ image presented at 30degree view. Underneath this image were ten front facing male images, with each face a
possible identity match for the target face. The true match image was present in only half
of the line-up arrays. Participants decided whether the target was present in the array. If
so, they were asked to identify the target image. Participants also rated the confidence of
their decisions.
Super-recognisers were significantly more accurate on this task than controls using
the standard measure of percentage correct. This was true for both target-present and
target-absent trials. Using signal detection measures, super-recognisers had higher
sensitivity (d′) than controls. There was no criterion difference between groups. Superrecognisers were more confident in their decisions, regardless of trial type or actual
accuracy of response. Notably, performance on the CFMT pre-test correlated with all
measures of accuracy on the line-up task.
In a second experiment, the super-recognisers were tested against a new group of
controls on face memory performance. Participants viewed 20 still images of males in
succession and were tested on their ability to recognise these identities from video
footage. At test, participants saw 40 video clips of a person walking towards the camera.
As in the previous experiment, half of the test items were target-present trials.
Participants were asked to make old/new identity decisions for each video clip. Superrecognisers surpassed controls on this memory task and did not differ in response bias. In
contrast to Experiment 1, there was no difference in confidence scores between superrecognisers and controls. Again, accuracy in the CFMT long form (pre-test) correlated
with memory performance.
Again, it is worth noting that not all of the super-recognisers outperformed controls.
This was due to two factors: 1). some super-recognisers performed within the expected
performance range for controls; and 2). some controls achieved very high accuracy.

Summary
Super-recognisers outperformed controls at a group level on a line-up task and a
memory task (Key Finding 1). There was a large range of individual performance for the
controls and super-recognisers and, notably, substantial overlap in the performance
distributions for the two groups (Key Finding 5).
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Solving the Border Control Problem: Evidence of Enhanced Face Matching
in Individuals with Extraordinary Face Recognition Skills. Bobak, Dowsett,
and Bate (2016)
Bobak, Dowsett, et al. (2016) tested the same seven super-recognisers as Bobak,
Hancock, et al. (2016). In this test, however, super-recognisers performed two paired
face-matching tasks—the GFMT (Experiment 1) and the MFMT (Experiment 2). Again,
Bobak, Dowsett, et al. (2016) reported both percentage correct and signal detection
measures of performance. These measures did not dissociate and so in what follows,
‘accuracy’ will encompass both measures.
An important innovation in this study was the testing of two control groups: a
standard student group (N = 20) and a student group ‘motivated’ by performance-based
pay (N = 20). Again, as in Bobak, Hancock, et al. (2016), all controls were screened on
the CFMT+ to exclude people who had extremely high (super-recogniser) or low
(prosopagnosic) facial recognition ability. These two studies are unique in their use of
control group pre-screening.
In Experiment 1 (GFMT), super-recognisers surpassed both the standard-control and
motivated-control groups. However, an analysis of criterion showed the superrecognisers to be more conservative than the motivated controls. As a result, superrecognisers were far superior to motivated controls on different-identity trials, but were
no different on same-identity trials. There was no difference in criterion between superrecognisers and the standard control group.
A second innovation in this study was to compare the accuracy of each individual
super-recogniser against each of the two control groups, using modified t-tests. By this
measure, three of the seven super-recognisers outperformed both control groups. None of
the super-recognisers differed in response bias to standard controls. However, one superrecogniser responded more conservatively than the motivated controls.
In Experiment 2 (MFMT), super-recognisers again performed the matching task with
the highest levels of accuracy of all participant groups. Criterion analysis showed that
super-recognisers were more conservative than both of the control groups. Modified ttests revealed that six of the seven super-recognisers performed with significantly greater
accuracy than the mean of the standard control group. Further, four super-recognisers
were significantly better than the motivated control group. Two super-recognisers
responded more conservatively than both control groups.
For the control groups, accuracy on the GFMT and MFMT correlated highly. The
study does not report this correlation for super-recognisers.
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Summary
At a group level, super-recognisers outperformed controls on both face-matching
tasks (GFMT, MFMT) (Key Finding 1). The study also included measures of individual
super-recogniser performance. On the GFMT, only three of the seven super-recognisers
placed significantly out of the distribution of both control groups. On the MFMT, six out
of the seven scored above the distribution of the standard control group, but only four
exceeded the distribution of the motivated control group. This highlights that not all
super-recognisers performed at the high levels expected for their super-recogniser status
(Key Finding 5).

An in-Depth Cognitive Examination of Individuals with Superior Face
Recognition Skills. Bobak, Bennetts, Parris, Jansari, and Bate (2016)
Bobak, Bennetts, et al. (2016) investigated whether super-recognisers’ perceptual
skill was unique to faces or whether it extended to superior ability in other cognitive
domains. Six super-recognisers participated in this study. The facial recognition ability of
the super-recognisers was confirmed using the CFMT long form, with performance above
the criterion 90/102 used in previous studies (Bobak, Dowsett, et al., 2016; Bobak,
Hancock, et al., 2016; Russell et al., 2009). In all analyses, super-recognisers were
compared at an individual level to the mean accuracy of a control group on the same task.
Control participants were not pre-screened for facial recognition ability in this study. The
authors addressed three questions in multiple experiments: 1) Is super-recogniser ability
specific to faces or does it extend to recognition of non-face stimuli? 2) Do superrecogniser skills span face perception as well as face memory? and 3) Do superrecognisers process faces in the same way as the other people who do not have this
superior facial recognition ability?
On the question of whether super-recognisers are highly skilled at recognising nonface stimuli in addition to face stimuli, super recognisers and controls were tested on their
face and object matching ability. Face stimuli for image pairs were taken from the CFMT
and the Bosporus Face Database (Savran et al., 2008). Object pairs comprised images of
hands (from the Bosphorous Hand Database [Dutağacı, Sankur, & Yörük, 2008]) or
houses (created by the authors). Images were presented in both upright and inverted
viewing conditions. Participants made same- or different-person/object judgments for
pairs of faces, houses, and hands.
The performance of control subjects and super-recognisers did not differ on the
object matching tasks, although one super-recogniser performed above the controls at
matching inverted hands, but not houses. Interestingly, the face matching accuracy of
super-recognisers did not always exceed controls. On upright face trials, only two of the
super-recognisers scored significantly above the control mean. The other four scored
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numerically, but not significantly, higher than controls. Additionally, just two of the
super-recognisers showed a significantly larger inversion effect for faces than that shown
by control subjects.
Participants were tested also on object memory. The objects were car images taken
from the Cambridge Car Memory Test (CCMT) (Dennett et al., 2012)—a task described
by the authors as the ‘object equivalent of the CFMT.’ Participants learned six car
images. At test, they saw three car images and decided which of the images was in the
learning set. As in the CFMT, the task consisted of three blocks that increased
progressively in difficulty, with 72 trials in total. In all but one instance, the superrecognisers were no better than controls at car recognition. Specifically, five out of the
six participants scored within 1SD of the mean score of the controls on the car memory
task. The one remaining super-recogniser performed with almost perfect accuracy on the
task. Interestingly, this participant reported no great interest in cars. It is possible that this
super-recogniser’s memory skills extend over faces and other objects. However, this was
not the general case for super-recognisers.
Next, the researchers addressed the question of whether super-recognisers’ superior
face memory ability extended to aspects of face processing other than memory.
Therefore, the six super-recognisers and 58 control subjects participated in the CFPT. On
the CFPT, no individual super-recogniser’s result significantly exceeded the mean of the
controls. However, all but one super-recogniser scored at least one standard deviation
above the mean. The authors reported a large standard deviation in the results of control
participants, suggesting that this performance spread for controls may account for the fact
that no super-recognisers exceeded the mean of the control group.
The CFPT includes upright and inverted face trials. An additional analysis was
conducted to compare performance of controls and super-recognisers for the ‘upright
condition.’ On upright face trials, two of the super-recognisers performed with
significantly higher accuracy than controls. Based on this result and the finding above,
the authors concluded that some, but not all, of the super-recognisers had superior
perceptual ability on the CFPT.
Finally, to address the third question of processing strategies, super-recognisers and
controls were compared on inversion effect tests, composite effect tests, and a NAVON
test (Navon, 1977). An ‘inversion index’ (Bobak, Bennetts, et al., 2016) was computed
for each participant based on their score on the CFPT. This index was computed as the
difference between upright and inverted images, divided by performance on the upright
faces. The inversion index scores for each super-recogniser were compared to the scores
of the control group. All but one of the super-recognisers showed an inversion effect
larger than 2SDs above the control mean. Despite this, only two of these superrecognisers had inversion scores that differed significantly from the scores of controls.
The authors concluded that the super-recognisers may be more heavily reliant on holistic
processing than controls.
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Bobak, Bennetts, et al. (2016) also compared participants’ performance on upright
trials with performance on inverted trials. In this comparison, two of the superrecognisers were more affected by inversion than controls. In addition to this result, three
other super-recognisers performed with an inversion effect that was 1.5SDs above the
control mean. Only one of the six super-recognisers showed a similar inversion effect to
controls. This points to somewhat greater holistic processing for super-recognisers,
though the lack of significance for all but two super-recognisers limits the solidity of this
conclusion.
In the final experiment, Bobak, Bennetts, et al. (2016) tested super recognisers on a
variation of the classic composite task, consisting of unfamiliar composite faces. Each
image pair showed faces in which the top and bottom half of the face were either aligned
or misaligned. The images in each pair were of either same or different identities. The
classic face composite finding is that participants perform less accurately and with greater
reaction times on face matching trials where the two comparison images are aligned
(Robbins & McKone, 2007).
Bobak, Bennetts, et al. (2016) used the task from Robbins and McKone (2007) to test
for a composite matching effect. The test used images of human faces and also images of
dogs. Images were presented in upright and inverted form. This allowed the authors to
test whether the holistic processing strategy was face-specific (if so a composite effect
should be seen for only upright faces) or if the effect extended to processing other image
types (dogs). Participants viewed two composite images of a face or dog in succession.
The participants responded, as quickly as possible, whether the tops of the two images
(the part containing the eyes) were of the same identity or different identities. None of the
super-recognisers showed a larger composite effect than the controls, somewhat at odds
with the notion that super-recognisers process faces more holistically than controls.
Finally, in the classic Navon test (Navon, 1977) only one super-recogniser showed a
global processing bias compared to the control group.

Summary
Bobak, Bennetts, et al. (2016) showed that super-recognisers performed no better at
memorising or matching objects than control participants (Key Finding 3). Although the
authors suggest that there is some evidence for enhanced holistic processing for faces
among super-recognisers, the heterogeneity across tasks and dependent measures limits
the force of that conclusion. The study does not support the claim of super-recognisers’
use of more effective processing strategies to recognise faces (Key Finding 4)—at least
with regard to holistic processing. Super-recognisers’ accuracy was highly variable (Key
Finding 5). Furthermore, super-recogniser performance was not consistent at an
individual level across tasks (Key Finding 6).
The focus on super-recognisers’ performance at an individual level is important. The
fact that each super-recogniser’s performance was tracked across tasks highlighted the
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heterogeneity in super-recognition abilities. Perhaps the most informative conclusion here
is that the abilities of super-recognisers differ on an individual basis. The processes used
by each super-recogniser to achieve their performance may differ to some extent.

Eye-Movement Strategies in Developmental Prosopagnosia and ‘Super’ Face
Recognition. Bobak, Parris, et al. (2016)
Do eye movement strategies when scanning faces differ across groups that vary in
facial recognition abilities? To address this question, Bobak, Parris, et al. (2016) tracked
the eye-movements of super-recognisers, controls, and prosopagnosics while they
passively viewed images that contained faces. Here, we focus only on Experiments 2 and
3, in which super-recognisers and controls (not pre-screened for facial recognition
ability) were compared.
In Experiment 2, Bobak, Parris, et al. (2016) tested eight super-recognisers and 20
control subjects who passively viewed still images. The participants were instructed to
allow their eyes to naturally explore the stimuli. Participants viewed images of 20 social
scenes that included one or more faces (e.g., family picnic). Super-recognisers and
controls both spent the majority of the time looking at faces, followed by bodies, and then
by background. Super-recognisers spent less time looking at bodies than the controls did.
Super-recognisers and controls looked longer at the internal facial features than at the
external facial features. However, super-recognisers spent more time fixating on internal
features than did controls. Both groups spent most of their time looking at the nose, and
did not differ in gaze time allocated to the eyes and mouth. Differences were found on
time spent looking at the nose. Super-recognisers spent more time looking at the nose
than did controls. Additionally, super-recognisers were faster to fixate on a face than
were controls.
Modified t-tests for the analysis of individuals showed that the group difference in
time spent looking at the bodies (controls looked at bodies longer than super-recognisers)
did not hold at an individual level for any of the super-recognisers. Additionally, only one
super-recogniser looked longer at internal versus external features than did controls. Four
of the eight super-recognisers spent significantly more time than controls looking at the
nose. None of the individual super-recognisers was significantly faster to fixate faces
than controls.
In a final experiment, Bobak, Parris, et al. (2016) examined super-recogniser eyemovement strategies for images that contained only one face. The participants included
two of the eight super-recognisers who participated in Experiment 2, along with newly
recruited super-recognisers. A new set of 20 control participants served as the
comparison group. Participants viewed single face images taken from the GFMT
database (Burton et al., 2010) and were asked to memorise the faces, although they were
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not actually tested on their memory. The purpose of the ‘memorise’ instruction was to
encourage natural eye movements. The authors state that due to the small number of
super-recognisers, only modified t-tests, applied to individual super-recognisers, were
performed. It must be noted that the number of super-recogniser participants in this study
is typical of that in other studies on super-recognisers. Modified t-test comparisons were
made for time spent dwelling on the eyes, nose, and mouth and for overall time fixating
internal features. All of the super-recognisers spent more time looking at the nose than
controls. One of the super-recognisers fixated on the mouth for longer than controls.

Summary
Although individual differences between super-recognisers and controls emerged in
both experiments, none of these advantages generalised completely for all superrecognisers across experiments. The most consistent effect was the tendency of superrecognisers to fixate the nose more than controls. This may suggest differences in
processing strategies between super-recognisers (Key Finding 4).

Detecting Superior Face Recognition Skills in a Large Sample of Young
British Adults. Bobak, Pampoulov, and Bate (2016)
Instead of assessing the skills of super-recognisers, the goal of Bobak, Pampoulov, et
al. (2016) was to establish general population norms for two tests (CFMT long form and
CFPT) that are administered commonly to super-recognisers as a ‘pre-screening tool.’ To
this end, 254 British participants were tested on the CFMT long form and on the CFPT.
Participants were not pre-screened for face recognition ability. They were, however,
asked to report their opinion of their own face recognition ability as part of a
questionnaire.
Participant scores on the CFMT long form task were normally distributed and did not
reach ceiling level. The authors concluded, therefore, that the CFMT long form is an
appropriate test for detecting super-recognition ability. Furthermore, they propose a
specific cut-off point of 2SD above the control mean for classification as a superrecogniser, in line with the work of Russell et al. (2009).
On the CFPT, however, none of the 254 participants performed with accuracy levels
2SDs above the mean performance. Bobak, Pampoulov, et al. (2016), in referring to
previous studies, note that the means of super-recognisers on the CFPT were not always
2SDs above that of controls (see Duchaine & Nakayama, 2006; Russell et al., 2009).
However, as discussed in Russell et al. (2009), it is nearly impossible to exceed norms for
the control population on the CFPT due to the generally low mean error rates and large
variability. In other words, in looking at the distribution of performance from Russell et
al. (2009), it would appear that some people perform quite well on this test, whereas
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others find it very challenging. The authors concluded that the CFPT does not provide a
sufficiently sensitive test of face perception ability to be used with super-recognisers.
Bobak, Pampoulov, et al. (2016) also argued against the use of the CFPT, based on the
fact that the task does not imitate a real-world face perception problem (cf. use of
morphed stimuli).
In addition to providing normative data for the CFMT and CFPT, Bobak, Pampoulov,
et al. (2016) recorded a measure of self-insight into face recognition accuracy in order to
examine whether self-perceptions of skill are predictive. Self-reported ability correlated
only weakly with actual task performance on the CFMT long form and CFPT, indicating
that people may have minimally accurate insight into their own face recognition abilities.
It is worth noting that in some previous studies, super-recognisers have come forward ‘as
such’, based on their own perception of superior ability (Bobak, Bennetts, et al., 2016;
Bobak, Dowsett, et al., 2016; Bobak, Hancock, et al., 2016, Russell et al., 2009). This
suggests caution in relying on self-insight into recognition ability as a qualification for
inclusion in the super-recogniser group as has been done in some studies (Bobak,
Bennetts, et al., 2016; Bobak, Dowsett, et al., 2016; Bobak, Hancock, et al., 2016; Bobak,
Parris, et al., 2016; Russell et al., 2009).

Summary
Bobak, Pampoulov, et al. (2016) conclude that the CFMT long form is suitable for
examining super-recogniser ability, but the CFPT is not. This study begins to highlight
the importance of a well-considered and consistent definition of super-recognisers across
studies. It will likely be important to know whether self-knowledge of superior face
recognition ability should be included as a defining characteristic of a super-recogniser. It
is also important to understand how prevalent it is for members of the general population
to be highly accurate at face recognition, but be unaware of their superior ability. The
norming of these tests with a large population also highlights the problems associated
with the use of small control groups in studies of super recognisers—with the take-home
message that norms based on large samples are more useful.

Investigating Predictors of Superior Face Recognition Ability in Police
Super-Recognisers. Davis et al. (2016)
The aim of Davis et al. (2016) was to assess whether MET police identifiers
performed at a comparable level to ‘super-recognisers from the general population’ on
various tasks of facial recognition and object recognition. Specifically, the authors
compared the accuracy of three carefully selected (see below) participant groups—MET
police identifiers, super-recognisers from the general population, and a control group—on
tasks of unfamiliar face matching, unfamiliar face memory, familiar face recognition and
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object memory. MET police identifiers and super-recognisers performed with comparable
levels of accuracy on each of these tasks. Police identifiers and super-recognisers always
outperformed controls, except in tasks of object recognition where no differences in
performance were expected between any of the groups.
There were strict selection criteria for participants in each of the groups. The MET
police identifier group consisted of 36 officers, all of whom had successfully identified a
minimum of 15 suspects within a 12-month period from 2011-2014. There was wide
variability in the qualifications of these officers, with one officer succeeding on more
than 180 identifications in just one year. This group was selected purely as a result of
their number of successful identifications; the police identifiers were not formally prescreened with standard face recognition tests. The main comparison group of interest,
general population super-recognisers (N=10), were selected through large-scale prescreening with the CFMT. All of the participants in the general population group scored
2SDs above the mean on the CFMT. The control group consisted of volunteer
participants from the general population, who were not pre-screened for facial
recognition performance.
Davis et al. (2016) report all results at a group and individual level. Individual
analysis was executed by modified t-tests comparing d′ scores of general population
super-recognisers and police identifiers against that of the controls.
Participants first completed the famous face recognition test (Lander, Bruce, & Hill,
2001). In this task, general population super-recognisers and police-identifiers performed
equally well and outperformed the control group. Face movement helped both general
population super-recognisers and police identifiers more than controls. Interestingly, at
face familiarity verification, the police-identifiers and general population superrecognisers stated that they were familiar with more of the people on the name list than
controls.
Participants also completed an Unfamiliar Face Memory Array Test, which used
stimuli introduced by Bruce et al. (1999) for a line-up study. In the unfamiliar memory
array task used by Davis et al. (2016), participants viewed a face image in either a frontal
or 30-degree pose displayed on the screen for 5 seconds, followed immediately by a lineup of 10 face images. Participants were asked to indicate the target face or respond that
the target was not present in the array. Participants recorded confidence in their answer
on a scale from 1(low)-5(high). General population super-recognisers and police
identifiers were more accurate and more confident than controls at the task. Superrecognisers and police identifiers did not differ in scores of hit rate, false alarms, or
sensitivity. Individual analysis found that three out of ten general population superrecognisers and seven out of 36 police identifiers scored significantly higher than the
control mean.
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Participants were next tested on face memory and reliance on internal compared to
external facial features for identity decisions. They were instructed to memorise images
that included both face and body information. Images were presented sequentially, for a
viewing time of 5 seconds. At test, participants made old/new recognition judgments to
new images of the previously seen identities, as well as to 20 images of new identities.
Test images were edited to include only internal facial features (background and external
features that were available in the learning phase were now obscured). General
population super-recognisers and police identifiers performed equally well on the
memory task and again surpassed controls. Individual level analysis revealed that five of
the ten super-recognisers and ten of the 36 police identifiers scored above the control
mean at the task.
All participants were tested also for face matching ability using the GFMT. General
population super-recognisers and police identifiers again performed with equivalent
levels of accuracy and outperformed controls. At an individual level, three of the ten
general population super-recognisers and four of the 36 police identifiers scored 100%
accuracy on the GFMT. Despite this, their d-prime scores did not differ significantly
from the mean of the control group. Given Bobak, Pampoulov and colleagues’ (2016)
argument for the use of highly challenging tasks for super-recogniser pre-screening, this
draws into question whether the GFMT is a sufficiently sensitive measure of superrecogniser ability.
To test whether recognition ability was limited to faces, the participants were tested
also on object memory with old/new images of flowers. Participants saw 20 images of
flowers and then made old/new recognition judgments. Unlike the person identification
task, however, the learning and test images of flowers were identical, which poses a
comparison confound between the face and flower memory tasks. Exact image matching
is easier than matching different images (see Bruce, 1982).
No reliable group differences in performance accuracy were found on the object
recognition task. Super-recognisers had a higher hit rate, but this was likely due to a
liberal response bias. At an individual level, many of the super-recognisers and police
identifiers scored numerically below the control mean (just two general population superrecognisers and one police identifier scored significantly above the control mean).
Finally, scores were aggregated across the four tasks to provide mean hit rates,
correct rejects, and sensitivity for each participant across each of the different
experiments. The general population super-recognisers and police-identifiers were
consistently comparable on hit rates, correct rejections, and sensitivity scores, with both
groups surpassing the control groups. Individual analysis revealed nine general
population super-recognisers and 32 police identifiers scored numerically above the
control mean. However, just five general population super-recognisers and 11 police
identifiers scored significantly above this mean.
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Summary
At a group level, police identifiers and general population super-recognisers scored
comparably on all tasks, supporting the conclusion that both groups could be considered
‘super-recognisers’. Both the police identifiers and general population super-recognisers
significantly outperformed the control group (Key Finding 1). This was true for tasks of
familiar and unfamiliar faces (Key Finding 2). However, at an individual level, only a
few super-recognisers and a few police identifiers performed exceptionally well across
multiple tasks (Key Finding 5 & 6).

CONCLUSION
In conclusion, as this literature continues to expand, it will become more coherent
and more consistent as definitions of super-recognisers are adopted and agreed upon. To
date, the literature on super-recognisers supports the key findings we enumerated in
Section 1, and which we reiterate here. First, as a group, super-recognisers surpass
normal people on face matching and face memory tasks. Second, they excel on these
tasks for both familiar and unfamiliar faces. Third, their perceptual skills do not extend to
stimuli other than faces (Key Findings 1-3). Fourth, there is only mixed evidence in
support of qualitative or strategic differences in the way super-recognisers versus normal
people approach face processing (Key Finding 4). Fifth, a cautionary finding is that
individual super-recognisers are not always superior to individual controls or to the
control group as a whole (Key Finding 5). Sixth, super-recognisers do not necessarily
show consistently superior accuracy across all tasks (Key Finding 6). Finally, when
studies reported the accuracy of control participants at an individual level, often, one or
more of the controls performed with extremely high, ‘super-recogniser level’
performance (Key Finding 7). The action points we recommend can be used as a priority
list for getting us to a better understanding of what super-recognisers are and how they
may contribute to important practical problems in security and law enforcement.
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Chapter 11

THE EXTREMES OF FACE RECOGNITION:
PROSOPAGNOSIA AND SUPER RECOGNITION
Sarah Bate* and Ebony Murray
Department of Psychology, Bournemouth University,
England, UK

ABSTRACT
Individuals with atypical face recognition skills have been used for many years as a
theoretical window into the face-processing system. Traditionally, researchers have
examined people with acquired prosopagnosia, who have lost the ability to recognize
faces following a neurological incident. While this disorder is rare, patterns of preserved
and impaired skills have greatly informed models of face-processing. More recently there
has been growing interest in people with the developmental form of prosopagnosia, who
have had face recognition difficulties since early childhood. It is still unknown whether
acquired and developmental prosopagnosia are truly parallel disorders, with some authors
advocating that the latter may simply represent the bottom end of “normal.” This
argument receives support from the discovery of so-called “super-recognizers”, who
some claim are as good at face recognition as people with developmental prosopagnosia
are bad. This chapter discusses prosopagnosia and super recognition in light of the key
theoretical debates that surround extreme performance at different face recognition tasks.
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INTRODUCTION
In recent years, much research has explored individual differences in our ability to
recognize facial identity. While most people are exceptionally good at familiar face
recognition (i.e., recognizing the faces of people that they see frequently, such as family,
friends and celebrities in the media), many find it more challenging to recognize
unfamiliar faces (i.e., those that are newly encoded or that we have had little exposure to;
Bindemann, Attard, & Johnston, 2014; Jenkins, White, Van Monfort, & Burton, 2011;
Megreya & Burton, 2006). In fact, there is substantial variation across the typical
population in the latter (Bate, Parris, Haslam, & Kay, 2010; Wilmer et al., 2012). A small
number of people fall at the very bottom end of this continuum and may have a condition
known as developmental prosopagnosia (DP). These individuals have profound
difficulties in the recognition of all faces, including those of close family and friends, and
even their own face (Brédart & Young, 2004; Yardley McDermott, Pisarski, Duchaine, &
Nakayama, 2008). In contrast, people at the very top end of the spectrum have an
uncanny ability to remember the faces of people that they may only have previously
glimpsed, even if that exposure was many years in the past (Bobak, Bennetts, Parris,
Jansari, & Bate, 2016; Russell, Duchaine, & Nakayama, 2009). These individuals are
often referred to as super-recognizers (SRs).
Computerized tests of face recognition are typically used to identify individuals who
fall into these two extremes of the continuum (Bennetts, Murray, Boyce, & Bate, 2017;
Bobak, Pampoulov, & Bate, 2016; Bowles et al., 2009). A standard neuropsychological
statistical procedure is then used to calculate whether a participant differs from the
control mean by at least two standard deviations (Bowles et al., 2009; Duchaine &
Nakayama, 2006; Fisher, Towler, & Eimer, 2017; Yovel & Duchaine, 2006; but see
DeGutis, Cohan, Mercado, Wilmer, & Nakayama, 2012 and Palermo et al., 2017, for 1.7
standard deviations). In a normally distributed population, this technique identifies
approximately the top and bottom two per cent of the participant pool. This does not
necessarily mean that all these people are DPs or SRs according to any biological or
qualitative measure – simply that they fall into the two extremes of the distribution in
quantitative terms. In fact, no firm biological markers have yet been identified for either
DP or SR. Although more work has investigated the underpinnings of the former, and
provided support for a developmental disorder that is seemingly the equivalent of
acquired prosopagnosia (Bate & Cook, 2012; Duchaine & Nakayama, 2005), some
authors nevertheless advocate that at least some DPs may simply be those who perform at
the bottom end of “normal” (Barton & Corrow, 2016). The emergence of SRs certainly
supports this claim by identifying those at the other extreme of the continuum. This
chapter discusses evidence supporting each side of the debate, describing the
characteristics of DP and SR and their identification and classification.
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DEVELOPMENTAL PROSOPAGNOSIA
Definition and Terminology
Prosopagnosia has traditionally been described in its acquired form. These
individuals previously had normal face recognition skills that became severely disrupted
following a brain injury, typically affecting occipito-temporal regions of the brain
(Barton, 2008; Bate & Bennetts, 2015; Gainotti & Marra, 2011). A case of a 12-year-old
girl with a comparable difficulty in face recognition was reported in 1976, although
strikingly this individual had never experienced a brain injury and her difficulties
appeared to extend back to early childhood (McConachie, 1976). This was the first case
of a seemingly developmental case of prosopagnosia, and was followed by a small
number of similar reports in the ensuing 25 years (e.g., Ariel & Sadah, 1996; Bentin,
Douelle, & Soroker, 1999; Duchaine, 2000; Kracke, 1994; Temple, 1992). Given the
scarcity of these cases, it was assumed that DP might be as rare as its acquired
counterpart. However, with the advent of the Internet and increased media coverage of
the condition, many more individuals came forward resulting in a flurry of research
reports in the first part of the 21st century (e.g., Bate, Haslam, Tree, & Hodgson 2008;
Barton, Cherkasova, Press, Intrilligator, & O’Connor, 2003; de Gelder & Rouw, 2000;
Dobel, Bolte, Aicher, & Schweinberger, 2007; Grueter et al., 2007; Nunn, Postma, &
Pearson, 2001). Because larger numbers of people appear to have DP than originally
presumed, some researchers have estimated its prevalence. While figures around the 2%
mark have consistently been reported (Bennetts et al., 2017; Bowles et al., 2009;
Kennerknecht et al., 2006), it should be noted that the diagnostic protocols outlined above
inevitably result in this figure.
Most researchers continue to use the term “DP” to refer to individuals who present
with severe and relatively specific difficulties with face recognition in the absence of any
neurological injury or psychiatric dysfunction (Bate & Cook, 2012; Bennetts, Butcher,
Lander, Udale, & Bate, 2015; Darlymple & Palermo, 2016; Susilo & Duchaine, 2013).
General exclusion criteria are also adhered to by most authors, including lower-level
visual or cognitive difficulties and concurrent socio-emotional disorders (Bate et al.,
2014; Corrow, Dalrymple, & Barton, 2016). Some people with DP believe that their
difficulties are lifelong (Bennetts et al., 2015; Fine, 2012; Németh, Zimmer,
Schweinberger, Vakli, & Kovács, 2014), although the condition has not yet been formally
reported in children younger than four years of age (Joy & Brunsdon, 2002; Schmalzl,
Palermo, Green, Brunsdon, & Coltheart, 2010; Wilson et al., 2010). However, anecdotal
reports of face recognition difficulties in very early childhood, coupled with evidence that
DP can sometimes run in families (Duchaine, Germine, & Nakayama, 2007; Lee,
Duchaine, Wilson, & Nakayama, 2010; Schmalzl, Palermo, & Coltheart, 2008), has
prompted some authors to use the term “congenital” (Bate et al., 2008; Behrmann &
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Avidan, 2005) or “hereditary” (Grueter et al., 2007; Kennerknecht et al., 2006)
prosopagnosia to refer to the condition. However, given that no gene has been found for
DP (nor perhaps is likely to be, given the complexities of genetic influences in other
developmental conditions), the more conservative term of DP is often preferred and used
to refer to all individuals who meet the basic inclusion criteria, regardless of whether a
familial link is reported (Bate et al., 2014; Duchaine, Germine, & Nakayama, 2007).
While a potential genetic link to DP adds some weight to the argument that this is a
specific developmental disorder that should be viewed in its own right, it should be noted
that the face recognition skills of typical perceivers may also be hereditary. Twin studies
have found a stronger relationship between the face recognition skills of non-impaired
identical compared to non-identical twins (Wilmer et al., 2010; Zhu et al., 2010), and a
more recent study which investigated face recognition ability in more than 2000 twins
reported a heritability rate of 61% (Shakeshaft & Plomin, 2015). Genetic factors may
therefore influence face recognition skills at all points on the spectrum, and not just those
at the very bottom end.

Subtypes of DP
The hallmark symptom of prosopagnosia is an impairment in the ability to recognize
faces, yet the specificity of this deficit differs markedly between individuals. In the
acquired prosopagnosia literature, cases of impaired face recognition but intact object
recognition skills are rare (e.g., Busingy, Graf, Mayer, & Rossion, 2010; Busingy,
Joubert, Felician, & Ceccaldi, 2010; Rezlescu, Pitcher, & Duchaine, 2012). However,
these individuals are invaluable from a theoretical perspective as they provide strong
evidence for domain-specific processing systems for faces (Duchaine & Yovel, 2015;
McKone, Kanwisher, & Duchaine, 2007; Moscovitch & Moscovitch, 2000; Tanaka &
Sengco, 1997). Likewise, cases of DP with impaired (Behrmann & Avidan, 2005;
Duchaine et al., 2007; Garrido et al., 2009; Jones & Tranel, 2001; Lee et al., 2010) and
intact (Duchaine, Yovel, Butterworth, & Nakayama, 2006; Garrido et al., 2009; Lee et
al., 2010; Nunn et al., 2001) object processing skills have also been reported, with
childhood cases of the latter providing support for early segregation of specialized faceprocessing mechanisms (Bennetts et al., 2017; Dalrymple, Elison, & Duchaine, 2016;
Weigelt et al., 2014). Interestingly, object recognition skills only weakly correlate with
face recognition ability in the typical population (Dennett, McKone, Edwards, & Susilo,
2012; Wilhelm et al., 2010). Given that many DPs also have difficulties with objects,
such findings suggest that these individuals may have a distinct cognitive profile that
cannot be attributed to the tail end of a face recognition continuum.
Individuals with acquired prosopagnosia also differ in the breadth of their faceprocessing impairments. In particular, the condition has broadly been partitioned into
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variants with or without accompanying deficits in the perception of facial identity (De
Renzi, Faglioni, Grossi, & Nichelli, 1991). That is, while some individuals may only
have difficulties in the recognition of faces that should be stored in memory (Barton
et al., 2002; Young, Hellawell, & de Haan, 1988), others cannot distinguish between
simultaneously-presented faces (i.e., when no demands are placed on memory; Barton et
al., 2002; de Haan et al., 1987, 1991; Schiltz et al., 2006). While this difficulty in face
perception can prevent some people from deciding whether two faces are the same person
or not, it can also extend to the perception of facial expression, gender or age (e.g.,
Barton et al., 2002; Fox, Hanif, Iaria, Duchaine, & Barton, 2011; Humphreys, Avidan, &
Behrmann, 2007; Young et al., 1988). Such contrasting patterns of preserved and
impaired face perception skills have also been theoretically valuable, informing the
development of cognitive models of face recognition (Bruce & Young, 1986; Haxby,
Hoffman, & Gobbini, 2000; Gobbini & Haxby, 2007). Similar observations have also
been made in cases of DP, where some individuals display intact facial perception skills
(Dalrymple, Garrido, & Duchaine, 2014; Esins, Schultz, Stemper, Kennerknecht, &
Bulthoff, 2016; Humphreys et al., 2007; McKone et al., 2011; Palermo, Rivolta, Wilson,
& Jeffery, 2011; Towler, Fisher, & Eimer, 2016), and others present with impairments in
the perception of facial identity, gender, age, or even trustworthiness (Biotti & Cook,
2016; Chaterjee & Nakayama, 2012; Le Grand et al., 2006; Schmalzl et al., 2008;
Todorov & Duchaine, 2008).
The findings reviewed above are clearly theoretically important, but they also suggest
that there may be multiple subtypes of DP, perhaps with different underpinnings. Such a
hypothesis has important implications for the key question posed by this chapter: Are
people with DP simply the bottom end of normal? Given that DP’s presentation is
heterogeneous and that this pattern is also noted in acquired prosopagnosia, one might
argue that, at least in some cases, the condition reflects a qualitatively distinct group of
individuals that mirrors those with the acquired form of the disorder. From this
viewpoint, people with DP do not just differ from the typical population in quantitative
terms (i.e., they are not just the bottom two per cent of the population on a face
recognition metric), but may in fact be a distinct group of individuals that can be
distinguished from the normal distribution. Although no clear biological marker for DP
has yet been found (nor would such a marker necessarily present in all cases of this
heterogeneous condition), there are some measures on which a qualitatively distinct type
of processing has been observed. These measures are discussed below.

Qualitative Indicators of DP
The face-processing literature has long been dominated by hypotheses concerned
with the actual manner in which we process faces. Consistent findings from traditional
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paradigms, such as the face inversion effect (Yin, 1969) or the composite task (Young,
Hellawell, & Hay, 1987), suggest that we use a “configural” or “holistic” strategy to
process faces. These terms are often used interchangeably to refer to our ability to see
faces as a “whole”, taking account not only of the size and shape of the features, but also
the spacing between them (Maurer, Le Grand, & Mondloch, 2002). Much evidence
suggests that this strategy is specialized for faces (Piepers & Robbins, 2012; Robbins &
McKone, 2007; Rossion, 2013; but see Gauthier, Williams, Tarr, & Tanaka, 1998; Zhao,
Bülthoff, & Bülthoff, 2016), and is the optimal means of identifying them. This
hypothesis is supported by findings that many individuals with acquired prosopagnosia
are not able to use configural processing mechanisms, which may contribute to their face
recognition difficulties (Jansari et al., 2015; Ramon, Busingy, & Rossion, 2009; Spillman
et al., 2000; but see Finzi, Susilo, Barton, & Duchaine, 2016). Similar findings have been
noted in DP (DeGutis et al., 2012; Palermo et al., 2011), although the process has been
found to be preserved in some cases (Duchaine, 2000; Susilo et al., 2010).
Some authors have correlated the configural processing and face recognition skills of
participants in the typical population, observing only weak-to-moderate relationships
(Konar, Bennett, & Sekuler, 2010; Richler, Cheung, & Gauthier, 2011). Such correlations
remain weak even when sample sizes increase and the processes that are specific to face
recognition are isolated (i.e., the correlation cannot be a result of general cognitive
processing, such as general intelligence or global attention; Wang, Li, Fang, Tian, & Liu,
2012). Findings of a stronger relationship between the two processes would certainly
support the hypothesis that some cases of DP may simply be the bottom end of “normal”.
However, the moderate associations that have been reported to date allow for the
possibility that impaired configural processing in DP dissociates these individuals from
the typical population on a qualitative basis. Yet, given the heterogeneity of the condition
discussed above, it is unlikely that this argument could hold for all cases. In addition, the
various genetic (Shakeshaft & Plomin, 2015), social (Leigh & Susilo, 2009), personality
(Bate et al., 2010; Li et al., 2010) and cognitive (Slone, Brigham, & Meissner, 2010)
factors that have been found to influence face recognition ability in the typical population
are likely to have a complex interaction that makes it very difficult to isolate specific
relationships between variables.
Other work has used eye-movement technology to assess the visual sampling
strategies that are used by people with prosopagnosia when they look at faces. Indeed,
any differences in patterns of information extraction could be taken to indicate the use of
sub-optimal techniques that qualitatively differ from those of the typical population.
Several studies have found that individuals with acquired prosopagnosia avoid the inner
features of the face (Caldara et al., 2005; Lê, Raufaste, Roussel, Puel, & Démonet, 2003;
Stephan & Caine, 2009), and more specifically the eye region (Caldara et al., 2005;
Schmalzl et al., 2010). Some authors have found a corresponding increase in the
proportion of time spent fixating on the mouth (Bate et al., 2015; Caldara et al., 2005;
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Stephan & Caine, 2009; Van Belle, Ramon, Lefever, & Rossion, 2010; but see Barton,
Radcliffe, Cherkasova, & Edelman, 2007). Similar findings have been reported in the DP
literature (Barton et al., 2007; Bobak et al., 2017; Pizzamiglio et al., 2015; Schwarzer et
al., 2007), supporting the argument that the condition is comparable to its acquired
equivalent, and describes a qualitatively distinct group of individuals from the typical
population.
No large-scale study to date has examined the relationship between eye movement
patterns and face recognition skills in the typical population. However, Bobak and
colleagues (2017) found that a group of DPs spent less time on the eyes and more time on
the mouth than a group of 40 control participants, yet there was no correlation between
these measures and face recognition performance in the control sample. Although the
impairment did not emerge in all members of the DP group, the overall between-group
analysis provides support for qualitative differences between DPs and typical perceivers.
Finally, several studies have used neuroimaging technology to assess whether there
are biological differences between DPs and controls in the neural regions and networks
that are used to recognize faces. Some structural investigations have found that critical
regions are smaller in DPs than controls (Behrmann, Avidan, Gao, & Black, 2007; Bentin
et al., 1999; Garrido et al., 2009), although this has not been found in all cases (Duchaine,
2011). Other work has found reduced connectivity between key neural areas that are
implicated in the face-processing network (Avidan et al., 2014; Song et al., 2015). Taken
together, neuroimaging findings suggest that the size of the face processing regions, as
well as the connections implicated within this network, may play a key role for normal
face recognition and in the development of face recognition impairments. Importantly,
however, it is imperative to note that inferring the direction of causality in these reports is
problematic.
As well as neuroimaging evidence, event-related potential (ERP) studies have aimed
to investigate the neural activation patterns in those with DP. Most ERP studies in this
area have focused on the ‘face-specific’ N170 component (Bentin, Allison, Puce, Perez,
& McCarthy, 1996). That is, an enhanced negativity for faces as compared to non-face
objects emerges at face-specific (occipital-temporal) electrode sites approximately
170msec after stimulus onset. The N170 component is believed to be generated during
the structural encoding of faces (e.g., Bentin et al., 1996; Eimer, 2000). DPs, however,
show a similar enhanced N170 component in response to face versus non-face stimuli
compared to typically developing participants (DeGutis, Bentin, Robertson, &
D’Esposito, 2007; Kress & Daum, 2003; Towler, Gosling, Duchaine, & Eimer, 2014; but
see Németh et al., 2014). Such findings suggest that DPs encode the structural
representation of faces normally. Nevertheless, when faces are inverted or the internal
features of the face are scrambled, and thus the stimuli are different to the protypical face
template, atypical N170 responses are elicited (Fisher et al., 2016; Towler et al., 2016).
Combined, this evidence suggests that DPs encode faces similarly to controls, but they
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may be less well-tuned to the defining features of a typical, upright face (such as spatial
configuration as evidenced by atypical N170 amplitudes in response to upright facial
stimuli).

Interim Summary
The above discussion considers the key characteristics of DP in light of the question
of whether these individuals simply represent the bottom end of “normal” or a distinct
group of individuals with an equivalent disorder to acquired prosopagnosia. This question
is difficult to answer given the heterogeneity of DP, the likelihood of subtypes, the lack
of any consistent biological indicators of the condition, and the complex range of factors
that appear to influence face recognition skills in the typical population. One of the key
pieces of evidence that supports the suggestion that people with DP may simply be the
tail end of the face recognition continuum comes from the finding that the other extreme
in face recognition ability exists – those with extraordinary face recognition skills. The
next section reviews the available literature on SRs, and evaluates the extent to which
they can inform our understanding of DP.

SUPER RECOGNITION
Definition and Terminology
Similarly to the circumstances described above for DP, widespread media coverage
about super recognition has prompted many individuals with self-reported extraordinary
face recognition skills to register for research participation. One SR, for example,
reported that when she was a swimming teacher in her teenage years, she taught a sixyear-old girl for a couple of lessons. The next time she saw this girl was much later in
life, yet she still recognised her immediately (Bobak et al., 2016a).
Research into super recognition is still in its infancy, with the first formal report
published in 2009 (Russell et al., 2009). This paper describes four individuals who selfreported to the authors’ laboratory describing an unusual and uncanny ability to recognize
the faces of people that they had only previously glimpsed or had not seen for many
years. An extended form of the dominant face recognition test that is used to diagnose
prosopagnosia (the Cambridge Face Memory Test, CFMT: Duchaine & Nakayama,
2006) was administered to these participants, and as a group, they outperformed the
control sample. The same technique was used to assess the SR group’s performance on a
“Before They Were Famous” test, where participants were required to identify celebrities
from their childhood photographs. While this latter test is useful, it is very difficult to
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control for exposure effects. That is, the SRs may have been more familiar with the target
celebrities than the control group, which may have facilitated their performance.
Nevertheless, group performance on the two tests indicated that the SRs have superior
face recognition abilities compared to the typical population.
Given that these group-based analyses may have been influenced by the superior
performance of just one member of the experimental group, later papers have followed
the protocols of the prosopagnosia literature by using single-case analyses to assess the
performance of each individual SR (Bobak et al., 2016a; Bobak, Dowsett, & Bate, 2016;
Bobak, Hancock, & Bate, 2016; Bobak, Parris, Gregory, Bennetts, & Bate, 2017). This
approach offers more persuasive evidence for the existence of individuals with
extraordinarily proficient face recognition skills.
Given that the same statistical procedures that are used to identify DPs have been
applied to the SR literature (i.e., detecting performance that is two standard deviations
from the control mean), it is unsurprising that Russell and colleagues suggest that SRs are
as good at face recognition as DPs are bad. Further, Bobak and colleagues (2016d)
estimated the prevalence of SRs in a screening study and found a similar figure to those
noted for DP. As discussed above, the statistical procedures adopted for such studies do
inevitably result in this figure in a normally distributed population. Thus, current
protocols simply identify the top two per cent of the population, as opposed to any
individual who outperforms controls because of a biological or cognitive difference in
their neuropsychological presentation. Nevertheless, this evidence supports hypotheses of
a much broader spectrum of face recognition skills than previously envisaged, with DP
and SR representing the two extremes. Finally, although no genetic investigations or
familial reports of SRs have been described to date, such a link would be unsurprising
given the existing findings of familial and twin investigations in both DP and the typical
population.

Subtypes of SR
If super recognition lies at the opposite end of the face recognition continuum to DP,
one might predict that at least some characteristics of DP are also mirrored in SRs. As
comparatively little work has been carried out with SRs much of its cognitive
presentation remains unknown, yet it is likely that these individuals share the
heterogeneous cognitive profile that has emerged in DP. Strikingly, initial evidence
suggests that super recognition may be partitioned in a similar manner to DP on the basis
of face perception. That is, while the hallmark characteristic of super recognition is an
extraordinary ability to recognize faces from memory, Bobak and colleagues (2016a)
found that only two out of six SRs also showed a facilitation in the perception of facial
identity. Further, no participant displayed enhanced facial expression recognition skills.
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In a further paper, Bobak et al. (2016b) made a comparable observation, where five of
seven SR participants outperformed controls on a facial identity matching task which
placed no demands on face memory. This pattern of findings therefore seems similar to
not only those that have been observed in DP – but also those in the acquired
prosopagnosia literature.
A small amount of work has investigated whether SRs also outperform controls on
tests of object recognition. For instance, Bobak and colleagues recently reported that four
out of six of their SRs showed no superior ability to process objects, either in terms of a
matching (object perception) or a memory (object recognition) task (Bobak et al., 2016a).
A further report investigated the face recognition performance of two leading competitors
in the World Memory Championships. Although both of these individuals are considered
to be super-memorisers in the “face” discipline of the competition, neither exhibited
superior perceptual face processing (as measured by the CFPT) or face recognition skills
(as measured by the CFMT and a “Before They Were Famous Test”), and therefore could
not be considered SRs (Ramon et al., 2016). Taken together, there is little evidence at
present to suggest that super recognition may result from a generalized memory or
recognition ability. This is clearly in contrast to many cases of DP, and provides stronger
evidence for the claim that super recognition is at the top end of “normal,” whereas there
is less evidence to support the reverse claim in DP.

Qualitative Indicators of SR
If DP and SR do represent contrasting extremes of the same continuum, it follows
that SRs might possess heightened processing strategies on the same measures that have
been found to be atypical in DP, or display contrasting patterns on neurophysiological
indicators. While no study has yet been reported on the latter, Bobak et al. (2016a) did
investigate the configural processing skills of six SRs. In tasks that adopted the face
inversion and composite paradigms, four of the six SRs demonstrated a facilitation in
configural processing, and non-significant trends were found in the same direction for the
remaining two participants. These findings support the hypothesis that DP and SR might
reflect opposing ends of the same continuum, although the weak correlations between
configural processing skills and face recognition ability in typical participants provide
less support for this claim.
The eye-movement patterns of SRs have also been assessed in one report to date. In
the DP section of this chapter, the eye-movement investigation carried out by Bobak and
colleagues (2017) was discussed. Pertinently, the authors also included a SR group in this
investigation. In two studies it was found that the SR participants spent more time
fixating on the nose compared to any other region of the face. Two points are important
here. First, the DP group performed in line with previous work investigating both

Complimentary Contributor Copy

The Extremes of Face Recognition

213

developmental and acquired cases of prosopagnosia: they spent less time on the eyes and
more time on the mouth than control participants. This is clearly not the reverse pattern to
the SR group, who showed no differences on these measures. Second, a significant
correlation was noted for the face recognition skills of the control group and the
proportion of dwell time that they spent on the nose. This finding implies that while SRs
may well be the top end of the typical face recognition continuum, there may be
something qualitatively different about the manner in which DPs process faces,
segregating them from the “bottom end of normal.”

CONCLUSION
This chapter has discussed the characteristics of DP and super recognition, together
with the current protocols that are used to identify these individuals. Clearly, much work
is needed to reveal the full cognitive and neural profiles of both groups, although much
less research has been carried out to date on super recognition. This, together with the
apparent heterogeneity of both DP and super recognition, allows us to only draw basic
conclusions on the comparability of the two groups at this point in time. In fact, any
conclusions that can be suggested are best posed as hypotheses.
While only quantitative techniques are currently available to identify both DPs and
SRs, research examining the neurological and cognitive underpinnings of DP does
suggest that at least some individuals may qualitatively differ from the typical population.
It of course remains possible, and indeed likely, that participants who do simply represent
the “bottom end of normal” are currently included in DP experimental groups and used to
draw theoretical inferences about the condition. Research into super recognition is clearly
in its infancy, although there is some suggestion that these individuals represent those at
the “top end of normal.” The two groups of individuals each provide a unique theoretical
window into the development of the face recognition system, and together provide
additional power in their potential for comparison. Future research should continue to
address the issues raised in this chapter by developing more advanced diagnostic
protocols that are based on a more complete understanding of the cognitive and
neurological underpinnings of face recognition performance in both groups of
individuals.
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ABSTRACT
Efficient and fluent face processing is a life-long necessity, as face attention and
learning underlie understanding of and interaction with the social world. While not
included in the diagnostic characterization of Autism Spectrum Disorder, aspects of face
processing and learning are disrupted early in the development of autism, including the
pre-diagnostic period. Age, task, and severity of functioning influence our understanding
of the extent of the impairment in middle childhood and adolescence, with some
individuals showing lifelong difficulties with facial information processing and others
showing near to typical performance in laboratory environments. In this chapter, we
examine the emergent specialization of face perception, focusing on very early facial
attention. We propose that early delays in basic face processing contribute to poor social
learning throughout development in individuals with ASD. Better understanding of the
interplay between face attention and face processing neural systems will allow for more
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targeted treatments, helping individuals with ASD become more fluent at the real-life,
dynamic task of social communication.

Keywords: autism spectrum disorders, social communication, development, face
processing, face attention, face learning, review

INTRODUCTION
Faces are one of the most omnipresent sources of information in an infant’s
environment. The visual system is primed to respond to face-like stimuli more than other
stimuli shortly after birth (Morton & Johnson, 1991a), and infants begin to integrate
facial information with other skills such as imitation very early in life (Meltzoff &
Moore, 1977). Nonetheless, aspects of face processing and learning are generally
disrupted relative to comparison groups at all stages of development in individuals with
autism spectrum disorder (ASD), a neurodevelopmental disorder characterized by
impairments in social communication and restricted and repetitive interests (American
Psychiatric Association, 2013). Within the domain of social communication, many core
ASD impairments involve perception of and attention to the face of social partners. Early
diagnostic risk signs for ASD include decreased attention to the face, including failure to
look at the faces of social partners and failure to use eye gaze for joint attention. Better
understanding of facial attention, information processing and neural systems may lead to
more effective interventions to address this fundamental skill among individuals
with ASD.
In this chapter, we examine the nature of face perception and attention to faces in
individuals with ASD focusing on why and when this system becomes disrupted by (1)
examining findings from early development; (2) discussing maturation of configural
processing and perception of other races; (3) highlighting how facial processing is related
to social ability; and (4) considering opportunities for intervention. We propose that early
delays in basic face processing result from an altered attention system at a critical period
of early development, and contribute to an atypical trajectory of social learning through
altered wiring of the social brain. While there are advantages to laboratory based tasks, it
is clear that these rarely approximate the real-life challenges of social attention (Faja et
al., 2012). However, understanding the basic systems underlying face processing informs
challenges of individuals with ASD during naturalistic interactions.

EMERGENT SPECIALIZATION
Johnson has proposed that the cortical systems supporting face processing represent
an emergent, activity-dependent specialization in response to experience with faces
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(Johnson, Senju, & Tomalski, 2015; Morton & Johnson, 1991b). To acquire
“neurotypical” face sensitivity and specialization, the subcortical system biases attention
toward face-like stimuli in the first month of life. This system is then replaced by a
cortical system that comes on-line at two to three months. This cortical neural system in
the infant is organized by the intense visual experience infants receive from the faces in
their environment – specifically through interactive social experiences with caregivers.
Early infant experience is externally driven, but as the infant gains mobility, she begins to
make active attention choices and can self-select sensory input (Mundy, Sullivan, &
Mastergeorge, 2009). Further attention to and exploration of the face may reflect the
extent to which the child finds social information informative and rewarding. Perceptual
experience, built upon attention and exploration, results in specialization of the neural
structures leading to a fluent and efficient face processing system. This in turn allows
facial information to be readily available to other developing cognitive systems.
How might altered attention influence the face processing system generally? It has
been proposed that the face processing system is tuned based on perceptual experience
(de Haan, Johnson, & Halit, 2007; Pascalis, de Haan, & Nelson, 2002). Data from infants
with visual impairments suggest that there is a critical period within the first 12 months
of life for normative neural specialization to faces to occur (Le Grand, Mondloch,
Maurer, & Brent, 2001). Although the nature of the starting system is less clear (e.g.,
domain specific -- Kanwisher, 2010 or domain general -- Gauthier & Nelson, 2001), less
attention to faces provides the system with fewer and less consistently sampled
exemplars. In addition, in a domain general model, specialization for faces may compete
with or be negatively influenced by increased attention to other visual categories.
Regardless, the end goal is neural specialization resulting in faster use of facial
information that can be integrated into complex cognitive tasks. Facial information must
be temporally incorporated into multimodal perception (auditory, tactile), multi-channel
communicative cues (non-verbal gestures, emotional expressions), dynamic information
(movement), and context (integration of semantic information).
In typical development, infants direct visual attention toward faces more frequently
than non-social objects, fixate more frequently on faces, and show delayed
disengagement of attention away from faces (Kikuchi et al., 2011; Kikuchi, Senju, Tojo,
Osanai, & Hasegawa, 2009; Snow et al., 2011). Children and adolescents have an
attention bias toward the eyes and use others’ eye gaze when directing their own attention
(Senju, 2004). Direct eye gaze appears to carry particular weight; children are faster and
more accurate to detect it versus averted eye gaze, and they exhibit differential neural
responses to direct relative to averted gaze (Kimura, Kubota, Hirose, Yumoto, &
Sakakihara, 2004; Kylliäinen et al., 2012; Senju, Yaguchi, Tojo, & Hasegawa, 2003). All
together, typically developing children appear to treat faces as a special class of visual
stimuli, prioritizing them above other images and actively relying upon them for social
cues.
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EARLY DISRUPTIONS IN ASD
Attention to Faces
Klin, Shultz and Jones (2015) have proposed that ASD is marked by a delay in the
transition from a reflexive, sub-cortical system, which underlies orienting, to experiencedependent cortical systems, which underlie adaptive attention to the eyes of others. Thus,
it is a period of transition from reflexive externally driven responses to “voluntary social
adaptive behavior” that may mark the onset of impairments in ASD. Prospective studies
utilizing samples with high genetic risk for ASD suggest differences in social visual
attention are apparent from early in life among the infants who go on to develop autism.
The trajectory of attention to faces in the first year of life, while viewing a naturalistic
video, suggest a gradual reduction in attention to the eyes among infants who develop
ASD (Jones & Klin, 2013). Similarly, Turner et al. identified a reduction in attention to
faces during a live observational assessment between 6 and 12 months in infants with
eventual ASD diagnoses (Turner-Brown, Baranek, Reznick, Watson, & Crais, 2013). By
6 months of age, a number of reports suggest cross-sectional differences in visual facial
attention in infants who later develop ASD, including reduced visual attention to the
inner facial features of a speaking face (Shic, Macari, & Chawarska, 2014), reduced
attention to an actress in a naturalistic video scene (Chawarska, Macari, & Shic, 2013),
shorter and later peak look in the habituation function, and shallower levels of neural
processing (Jones et al., 2016). Yet, not all face perception abilities are altered, given
evidence of “normative” P1 and N290 ERP responses to faces (Elsabbagh et al., 2012,
2009), typical patterns of initial orienting to faces, and typical modulation of facial
attention in complex displays (Elsabbagh et al., 2013). It is important to consider that
many high-risk samples have a relatively small number of infants that meet full clinical
criteria for ASD. The first year may reflect early shifts in facial attention that represent
the onset of a process that leads to greater impairment as development progresses.
Importantly, more than simply attending to faces, infants must use facial information
in the context of joint attention and speech, which in turn contributes to later social
communication (Chawarska, Macari, & Shic, 2012). In the second year of life (12 to 18
months), both retrospective video studies and prospective monitoring studies suggest that
infants who develop ASD begin to show broader behavioral impairments in face attention
(less looking to an experimenter’s face during joint attention and orienting) coupled with
less social communication, including reduced social interaction, decreased social smiling,
and lack of facial expression (Ozonoff et al., 2010; Rozga et al., 2011). Toddlers with
ASD have significantly reduced facial attention during dynamic child-directed speech
videos in comparison to children without ASD, and the children with ASD who had
relatively greater reduction in attention to faces had lower language outcomes one year
later (Campbell, Shic, Macari, & Chawarska, 2014). In addition, 18- to 30-month-old
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toddlers with ASD had slower latencies of the N170 ERP during face processing, and
more severe ASD symptoms were related to greater time needed to learn about a face
(Webb et al., 2010; Webb et al., 2011). We have proposed that these early differences
observed in toddlers with ASD relative to comparison groups reflect a delay in the
maturation of early stage processing of faces (Webb et al., 2011; Webb, Neuhaus, & Faja,
2016).

Attention to Objects
As proposed in the domain general model, we have suggested that specialization for
faces may compete with or be negatively influenced by increased attention to other visual
categories (e.g., Webb et al., 2016). At 12 months, infants who later develop ASD show
increased interest to and exploration of objects (Ozonoff et al., 2008; Zwaigenbaum et al.,
2005) and by 2 years, toddlers with ASD show increased focus on objects (e.g., toys)
compared to people (Chawarska & Volkmar, 2006). Toddlers with ASD also show
habituation speeds to objects that are similar to chronological age-matched controls, with
no relation to autism severity (Webb et al., 2010). Toddlers with ASD look more at
physical objects in natural social scenes and also increase their fixation on those objects
when the objects move (Shultz, Klin, & Jones, 2011). At 12 months of age, high risk
infants show significantly faster early neural responses to object stimuli than low risk
infants (Jones et al., 2016; also McCleery, Akshoomoff, Dobkins, & Carver, 2009) and
show increased frontal alpha power to objects compared to faces in 12-month-old high
risk infants who develop ASD (Burner, 2012). Given that the social world is always a
mixture of social and non-social objects, better understanding of attention shifting in
children with ASD will be informative to understanding variability in these systems.

MATURATION
Although the typically-developing face processing system is tuned early to
preferentially process faces, it also improves markedly over the course of childhood (e.g.,
Hileman, Henderson, Mundy, Newell, & Jaime, 2011). Much of this change occurs prior
to adolescence, with both behavioral and neural indices of face processing becoming
more similar to adults during adolescence, including a reliance on configural processing
(which includes first order ‘eyes-above-mouth’ structure, second order feature spacing,
and holistic or gestalt processing; Chung & Thomson, 1995; Golarai, Grill-Spector, &
Reiss, 2006). For individuals with ASD, differences in attention, perception, memory,
and brain activation patterns for faces persist, although variability of responses to faces
also increases. Moderating variables include heterogeneity in etiology and severity of
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core symptoms, but also co-morbidities (such as anxiety or depression) and cognitive
functions (such as information processing, executive functions, and language; Pallett,
Cohen, & Dobkins, 2014).
ERP results have identified longer latencies for the P1 (attentional) response to faces,
suggestive of temporally delayed processing; reduced inversion effects on P1, suggestive
of altered configural attention; and longer latencies for N170 relative to peers, suggestive
of slower first order processing of faces (Hileman et al., 2011; Neuhaus, Kresse, Faja,
Bernier, & Webb, 2016b). Whether ASD group differences in processing reflect
difficulty engaging in configural processing or a bias toward featural strategies is a matter
of debate (Jemel, Mottron, & Dawson, 2006). Deficits are most noted under memory
demands (Boucher & Lewis, 1992; Boucher, Lewis, & Collis, 1998; Klin et al., 1999;
Neuhaus, Kresse, Faja, Bernier, & Webb, 2016b; Weigelt, Koldewyn, & Kanwisher,
2012), although the specificity of these findings to faces (Boucher & Lewis, 1992;
McPartland, Webb, Keehn, & Dawson, 2011; Snow et al., 2011; Weigelt, Koldewyn, &
Kanwisher, 2012) versus a more general visual processing alteration (Campatelli,
Federico, Apicella, Sicca, & Muratori, 2013) is also debated.
The social world of the child is much broader than during infancy. Thus, it becomes
even more necessary that basic face processing occurs rapidly and efficiently, because
facial information is often crucial to facilitating dynamic social interactions. When social
information is incorporated into executive functioning tasks, neurotypical children show
more errors on the Sad-Happy Stroop Task relative to the Day-Night or Boy-Girl version,
suggesting that different types of facial information and facial categorization (emotion
versus gender) may impact other important skills like inhibitory control (Kramer,
Lagattuta, & Sayfan, 2015; Lagattuta, Sayfan, & Monsour, 2011). Using another early
executive functioning task (the rule learning and memory Delayed Non-Match to Sample
Task), children with ASD performed worse on the rule learning phase when the stimuli
were faces compared to objects, whereas there was no relation between learning and
stimulus type for children with developmental delays (Jones, Webb, Estes, & Dawson,
2013). Children with ASD who learned the rule with the object stimuli first were also
able to better transfer rule learning to faces, while those that received faces first did not
gain a benefit from exposure to the task. Faces that are used as “rewards” also appear to
result in diminished neural responses for children with ASD relative to their peers
(Delmonte et al., 2012; Scott-Van Zeeland, Dapretto, Ghahremani, Poldrack, &
Bookheimer, 2010; Stavropoulos & Carver, 2014), although level of effort (rate of key
presses) exerted to view images of attractive faces is similar (Ewing, Pellicano, &
Rhodes, 2013). Thus, for children with ASD, cognitive skills may be more vulnerable
when learned with or rewarded by facial stimuli.
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Configural Processing
Faces are unique compared to most other visual stimuli in that they are processed
configurally, reflecting a focus on the relations among features (see Maurer, Grand, &
Mondloch, 2002). Configural processing reflects stable first order relations (orientation)
between features (two eyes above a centralized nose and mouth), sensitivity to second
order relations such as the distances between features, and holistic processing reflecting
better performance on whole faces. Configural processing is thought to be disrupted by
inversion (e.g., Yin, 1969), and category expertise (for review, see Maurer et al., 2002).
Configural processing improves with age, showing significant improvement during
middle and late childhood (e.g., Dimitriou, Leonard, Karmiloff-Smith, Johnson, &
Thomas, 2015).
Several summaries of face processing in ASD highlight a bias in the use of features
or local details compared to global information (Behrmann, Thomas, & Humphreys,
2006; Jemel et al., 2006) or in the use of the mouth region compared to the eye region
(Itier & Batty, 2009; Tanaka & Simonyi, 2016). Allowing direct comparison of
performance across configural and feature based tasks, Tanaka and colleagues’ Let’s
Face it! Skills Battery was administered to a large sample of children with typical
development and ASD (age- and IQ-matched). On this battery, children with ASD had
difficulty with face identification across changes in orientation and expression,
particularly with tasks that relied on the eye region compared to the mouth region of the
face. Noteworthy, the children with ASD demonstrated preserved holistic face
processing. Importantly, deficits were specific to faces, as indicated by unimpaired
performance on tasks using non-face stimuli (Wolf et al., 2008).
The specificity of face perception impairments for ASD compared to individuals with
other neurodevelopmental disorders is particularly relevant. For example, Dimitriou et al.
(2015) found no facial inversion effect for either featurally or configurally altered faces
in children with ASD when compared to neurotypical controls; individuals with Williams
Syndrome (WS) appeared to have more impaired configural processing for faces than
individuals with ASD. All three neurodevelopmental groups (ASD, WS, and Down
Syndrome) failed to show improvement in configural processing with age
(Dimitriou et al., 2015). Better understanding of the development of configural
processing, especially in groups of children with different developmental vulnerabilities,
will be critical to understanding the influence of face processing on the development of
other social cognitive skills. That is, studies utilizing comprehensive batteries and
comparison groups of individual with neurodevelopmental disorders are needed to fully
understand heterogeneity as well as the influence of face perception on broader socialcommunicative skills.
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Other-Race Effect
Less research has focused on the other race effect (ORE) in individuals with ASD.
The ORE is a processing advantage for same-race compared to other-race faces, and may
reflect increased ability to encode configural information for same-race faces (Fallshore
& Schooler, 1995; Rhodes, Brake, Taylor, & Tan, 1989). It has been suggested as
reflecting experience-dependent visual development (Chance, Turner, & Goldstein, 1982;
Dehon & Brédart 2001; Meissner & Brigham 2001; Sangrigoli & De Schonen, 2004;
Walker & Tanaka, 2003; Sporer, 2001), with the magnitude of the ORE related to the
individual’s amount of social contact or experience with other races (Walker, Silvert,
Hewstone, & Nobre, 2008). Thus, given the proposal that individuals with ASD may
have reduced attention to faces, resulting in limited experience, and suggestions of
impaired configural processing, we would expect to also see altered ORE in individuals
with ASD.
However, an overall impairment or reduction in the magnitude of the ORE in ASD is
currently not supported, although this body of work is small. In face matching, children
with ASD demonstrate similar ORE—that is the normal advantage for self-race faces
(Wilson, Palermo, Burton, & Brock, 2011). The ORE was also similar in adolescents and
adults with ASD, compared to those with an intellectual disability or neurotypical
development (Yi et al., 2015). However, in the subsample of children with ASD and
impaired face matching performance (that is, performance below age expectation), the
children with ASD showed no race effect (Wilson et al., 2011). Performance in children
with ASD also differed significantly based on the difficulty of the matching task (Chien,
Wang, Chen, Chen, & Chen, 2014). In the broader social context, children with ASD
choose self-race faces over other-race faces in a trust experiment, similar to typically
developing children (Li, Zhang, & Yi, 2016). Facial scanning patterns of Chinese
children with ASD are also consistent with the enculturation of Chinese gaze norms, with
greater focus on the nose, and were similar to neurotypical age-matched peers (Li et al.,
2016; Yi et al., 2016). These findings, taken together, suggest individuals with ASD are
sensitive to racial and cultural facial experiences, displaying an ORE under most
conditions. Of consideration, if less attention to faces provides the system with fewer and
less consistently sampled exemplars, children with ASD would still have more exposure
to same-race faces than other-race faces, similar to children without ASD.

Relation to Social Ability
Piecing together the pattern of findings, high-risk infants who go on to develop ASD
may show decreased response to faces during the transition from subcortical to cortical
systems, with a significant slowing of processing or decreased attention to faces
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emerging during the development shift in which attention to faces typically becomes
volitional. This may become even more significant when the infant gains mobility and
can seek out other forms of input (such as objects). Jones and Klin suggest that it is the
developmental course of facial perception and attention over the first year of life that is
altered, with a more negative trajectory associated with more severe autism in preschool
(Jones & Klin, 2013). In toddlers with ASD (aged 18 to 30 months), neural speed of
processing of faces relates to social mental age, not chronological age (as seen in typical
children; Webb et al., 2011) and slowed face learning measured behaviorally relates to
greater autism severity, lower verbal ability, and slowed object learning speed (Webb et
al., 2010). Slowed neural speed during preschool correlates with poorer joint attention
and emotion attention (Dawson, Webb, Carver, Panagiotides, & McPartland, 2004).
Taken together, the data suggest that face attention and perceptional systems are part of a
broad early social-communication system implicated in ASD.
How might early face processing influence long-term trajectories? Jones et al. found
that greater sensory hypersensivity predicted better face perception and social
interest/interaction in a sample of infants at high risk for autism and a sample of toddlers
with ASD (Jones, Dawson, & Webb, 2017). We proposed that greater sensory
responsivity resulted in greater attention capture by faces, which in turn lead to better
social interaction skills. Looking later in development (Neuhaus et al., 2016a), we found
that ERP markers of face processing at three years of age were related to adolescent
autism symptoms as well as anxiety. Specifically, faster latency and more negative
amplitude for N170s to neutral faces at three years in children with ASD predicted
greater reduction in autism symptoms and lower anxiety at 14 years. Similarly, Eussen
and colleauges found that face recognition (but not emotion recognition) ability during
childhood predicted ASD symptom severity above and beyond initial symptom severity
(Eussen et al., 2015). Thus, we propose that early alterations in attention to faces
contributes to long-term social disability.
In middle childhood and adolescent samples, face processing relates to concurrent
social ability and disability, albeit less consistently across samples and tasks. Among
children with and without ASD, better accuracy in tasks of holistic processing and face
memory were associated with stronger social skills and fewer social difficulties
(McPartland et al., 2011; Neuhaus et al., 2016b), as well as more cooperative social play
(Corbett, Newsom, Key, Qualls, & Edmiston, 2014). Latency and amplitude of neural
responses to upright faces also predicted social functioning, with stronger social skills
among individuals with larger P1 amplitudes, more negative N170 amplitudes, and faster
N170 responses (Hileman et al., 2011; Neuhaus et al., 2016b). In young adults without
ASD, the degree of sub-clinical autism traits as well as gender and object recognition
ability each predicted face recognition scores, whereby lower face recognition was
observed in males and in individuals with higher levels of ASD traits and lower object
recognition scores (Halliday, MacDonald, Scherf, Sherf, & Tanaka, 2014). Similarly,
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neural activation during recognition tasks corresponded with autism symptoms (Lerner,
McPartland, & Morris, 2013; Scherf, Elbich, Minshew, & Behrmann, 2015).

OPPORTUNITIES FOR INTERVENTION
Given the long maturation trajectory of the face system, there is potential for
continued acquired experience to impact the perceptual expertise system, potentially
resulting in normalization with supplemental experience or training. However, at some
point in development, this plasticity or longer path to normalization cannot correct the
influence of the early atypical circuitry formation. Many models of ASD intervention
target attention to the face by fostering opportunities for social-communicative face-toface interactions with the therapist or parent. In our work, both a parent-infant
attachment-based intervention (Promoting First Relationships) and an autism-specific
behavioral intervention (Early Start Denver Model) resulted in changes in the neural and
behavioral correlates of social attention in high risk infants (Jones, Dawson, Kelly, Estes,
& Webb, 2017) and children with ASD (Dawson et al., 2012). We hypothesize that
supplementary supports that specifically increase attention to configural information and
decrease feature-based strategies may be additionally important in producing normative
neural activity in the social brain (Dawson et al., 2012; Faja et al., 2012) and thus provide
a better foundation for efficient dyadic interactions. This proposal suggests that
addressing face processing early in development (as a supplement to broader socialcommunicative and cognitive therapies) could positively influence social symptoms over
time. As well, the longer period of plasticity for visual expertise also provides the
opportunity to “correct” parts of the system throughout development.

CONCLUSION
For faces, perceptual narrowing occurs based on visual experience, such that the
early attention in infants shapes the information available for the maturation of the
volitional systems that support face processing efficiency and fluency. Active experience
is critical to learning and children who are developing ASD may have increasingly
different visual environments. As proposed by Bruckner and Yoder (2007), increased
attention to and restricted play with objects may further lead to a reduction in attention
toward people. Thus, the circuitry supporting face processing develops concurrently with
social ability – resulting in a dynamic interplay between the child’s increasing social
atypicalities and the learning environment. This may include altered attention focus
toward restricted or repetitive interactions with objects and sensations, and reduced
dyadic social interactions. Thus, the construction of a social brain is built with a different
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set of information in children with ASD. Over time, this would disrupt the integration of
facial information with other forms of information needed for complex social processing.
Accounting for the variability in functioning across development in individuals with ASD
is critical, as variability between individuals with ASD may represent meaningful
information about underlying mechanisms.
We, and others, have proposed that there is a critical period for facial attention and
learning in the first few years of life in which face attention, perception, and learning
have a significant and broad impact on both social ability and social disability. However,
there is also a wider temporal window of plasticity for facial perception in which
experience may continue to impact the neural systems related to face sensitivity
(particularly in relation to configural processing). Variable impairment in face
specialization likely represent important heterogeneity within the autism spectrum. The
facial world of the young child gives way to a larger and larger number of potential social
partners via schooling and community interactions. A system that is efficient, robust and
consistent may need to be explicitly trained in development to achieve maximum
functionality. Addressing face processing in ASD, as well as the trajectory of ability
throughout the lifespan, may serve to positively impact the lives of individuals who
struggle with social understanding and information.
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ABSTRACT
The face is the primary visual signpost of our identity, but the process of how we
know that a particular face is one’s own has only recently started to receive considerable
scientific attention. This interest has been enhanced by multisensory phenomena such as
the enfacement illusion. In this illusion, watching another face being stroked in
synchrony with one’s own face produces a bias in self-recognition, whereby the other
face is perceived as the own. Here, we argue that the enfacement illusion demonstrates
that the representation of the own face is highly flexible and can be updated rapidly. This
flexibility would allow the incorporation of changes in physical appearance as a
consequence of, for example, ambient within-person variability, grooming activities or
ageing. We further present evidence to demonstrate that the enfacement illusion not only
transcends differences in visual appearance with another face, but also moderates
affective and social processing of that face.
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INTRODUCTION
The face is strongly tied to our sense of identity and has an elevated status over other
self-related information, such as names. One reason for this is that our face is a unique
and distinctive personal feature, whereas other personal information such as names can
be shared with many individuals (Devue & Brédart, 2011). Consequently, the face can be
considered an emblem of the self (McNeill, 1998).
Face learning and recognition has been a popular research topic in Psychology for
several decades. Much of this research has focused on understanding how familiar faces
are recognized (e.g., Bruce & Young, 1986; Burton, Jenkins, Hancock, & White, 2005),
how unfamiliar faces, that we have not seen before, become familiar (e.g., Burton, 2013;
Kaufmann, Schweinberger, & Burton, 2009; Longmore, Liu, & Young, 2008, 2015), and
the differences between unfamiliar and familiar face processing (e.g., Bruce, 1982; Bruce
& Young, 1986; Estudillo, 2012; Estudillo & Bindemann, 2014; Schweinberger &
Burton, 2011). By comparison, learning and recognition of the own face has received
limited attention (see Estudillo & Bindemann, 2017). This is surprising considering that
the own face is not only the primary means by which other people recognize us, but also
the primary means by which we recognize ourselves in mirror reflections, in photographs,
or in other recorded media.
The ability to recognize the own face develops early in life and is already evident at
two years of age (Amsterdam, 1972; Asendorpf, Warkentin, & Baudonniere, 1996;
Keenan, Gallup, & Falk, 2003). However, the face undergoes substantial changes across
the lifespan. These can be transient, such as changes in hairstyle or facial hair, or more
permanent, such as changes in bone structure, adiposity and skin tone during ageing
(Lanitis, Taylor, & Cootes, 2002; Mendelson & Wong, 2012). In this chapter, we explore
how humans might incorporate changes in their appearance over time into cognitive face
representations. We focus specifically on multisensory stimulation paradigms and what
these can reveal about the modification of cognitive representation of the own face.

OWNING A NEW FACE: THE ENFACEMENT ILLUSION
The own body has a special status over other peoples’ bodies and non-person objects
(Gallagher, 2000). The question arises, however, of how the sense of ownership over the
own body is created, maintained, and modified. One possibility is that the processing of
multisensory signals, from our tactile and visual senses, in combination with motor
feedback from muscle organs generates this sense of ownership over the body (see
Tsakiris, 2010).
This idea receives support from experiments that demonstrate that new objects can be
incorporated into the schema of our own bodies through a combination of motor activity,
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and tactile and visual feedback. A striking demonstration of this effect is the rubber-hand
illusion (Botvinick & Cohen, 1998). In this illusion, a person watches a prosthetic hand
being stroked in synchrony with their own hand, which is hidden from view. This
produces the feeling that the prosthetic hand is, in fact, their own (Botvinick & Cohen,
1998; see also Tsakiris & Haggard, 2005). The illusion also affects one’s sense of
proprioception, as observers judge their own hand to be located closer to the rubber hand
(i.e., proprioceptive drift). However, this illusion is not found when the prosthetic hand is
stroked in temporal asynchrony. This indicates that the close temporal co-occurrence of
feeling one’s own hand stroked and of seeing another hand subjected to this stimulation
underpins the effect.
The rubber-hand illusion reveals an interesting aspect about our own body, namely
that its cognitive representation is not static but modifiable through multisensory input.
These body ownership effects have been studied mainly with hands, but similar effects
have been reported with arms (Guterstam, Petkova, & Ehrsson, 2011) and the whole body
(Lenggenhager, Tadi, Metzinger, & Blanke, 2007; Petkova & Ehrsson, 2008; Petkova et
al., 2011). Arms and hands are not very distinctive features and can be highly similar in
appearance across different individuals, which might facilitate illusions of body
ownership. However, recent research has also shown that the face is susceptible to
rubber-hand-like effects (e.g., Estudillo & Bindemann, 2016, 2017; Tsakiris, 2008;
Tajadura-Jiménez, Grehl, & Tsakiris, 2012a; Sforza, Bufalari, Haggard, & Aglioti, 2010;
Maister, Tsiakkas, & Tsakiris, 2013). This enfacement effect (Sforza et al., 2010) has
important theoretical implications as, contrary to suggestion by some (see Miyakoshi,
Kanayama, Nomura, Iidaka, & Ohira, 2008, Porciello et al., 2014), it indicates that the
cognitive representations of our own faces are highly malleable and can be modified
rapidly through multisensory input.
In the classical enfacement paradigm (Tsakiris, 2008), participants first performed a
self-other discrimination task. This consisted of a sequence of images that gradually
morphed from an unfamiliar face to the participant’s own. The aim of this task was to
stop the sequence once the depicted face began to resemble the own face. After this task,
participants were presented with a 50:50 morph of their own and the unknown face,
which was stroked on the cheek at a rate of every two seconds. At the same time,
participants were either stroked in spatio-temporal synchrony - at the same face location
and at the same time - or in temporal asynchrony - at the same location but with a short
delay. To assess the effect of this visuo-tactile stimulation on self-recognition, the morphsequence task was then repeated.
In this paradigm, synchronous but not asynchronous multisensory stimulation leads
to an improvement in the morph-sequence, whereby participants recognise their own
faces earlier in the task. This perceptual effect is accompanied by subjective changes in
self-experience, whereby participants feel a greater sense of body ownership over the
onscreen face. This indicates that synchronous multisensory stimulation supports the

Complimentary Contributor Copy

244

Alejandro J. Estudillo and Markus Bindemann

updating of cognitive representations of the own face, both at a perceptual and a
phenomenological level.
In a subsequent study, Sforza and colleagues (Sforza et al., 2010) replicated this
finding with face-to-face stimulation in a scenario where pairs of participants, sitting
opposite of each other, were stimulated in synchrony or asynchrony. In a second stage,
participants were asked to judge the proportion of self-features in a set of randomly
presented morphed images, which contained different percentages of their own and the
other participant’s face. Similar to Tsakiris’s (2008) study, participants accepted more
features as belonging to themselves in the morph images after synchronous stimulation
compared to the asynchronous stimulation. This replication of the enfacement effect with
live models suggests that the enfacement effect does not modify pictorial cognitive
representations of faces, which are tied to specific images of a seen face, but operates on
more complex face representations that go beyond such coding (see Bruce & Young,
1986; Burton et al., 2005).
Although an apparent consequence of the enfacement illusion is that the mental
representations of the self and an enfaced face become overlapped (Paladino, Mazzurega,
Pavani, & Schubert, 2010; Tsakiris, 2008), the question arises of whether observers are
incorporating the face of the onscreen model into cognitive representations of their self or
whether they are modifying their visual representation of the model’s face. To explore
this question, Tajadura-Jiménez et al. (2012a) manipulated the directionality of the selfother discrimination of morphed faces. Observers performed this task twice and were
instructed either to stop the morphed sequence when this began to look more like the
model’s face (the self-to-other direction condition) or when it began to look more like
their own face (the other-to-self direction condition). As in previous studies, observers
stopped the morphing sequence earlier in the synchronous than the asynchronous
condition, indicating perceptual enfacement. However, this effect was only present in the
other-to-self direction. That is, the enfacement illusion affects the recognition of the own
face but not the recognition of the other’s face. This indicates that, during enfacement,
observers incorporate the face of the onscreen model into stored cognitive representations
of their own face, but not vice versa.
Research on the effect of eye-gaze on visual attention provides further evidence for
the directionality of the enfacement effect. Observers consistently shift their visual
attention in the eye-gaze direction of a seen face, leading to enhanced target processing in
the gazed-at location (Crostella, Carducci, & Aglioti, 2009; Ricciardelli, Bricolo, Aglioti,
& Chelazzi, 2002). This attentional shift is stronger when observers are watching the
gaze of their own face, indicating that this possesses a particularly strong distracting
power (Hungr & Hunt, 2012). Remarkably, however, the distracting power of eye-gaze
from the own face is reduced after synchronous multisensory stimulation with another
face (Porciello et al., 2014). A similar reduction is not evident for the eye-gaze of an
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enfaced facial identity, which provides further evidence that enfacement induces changes
in the cognitive representations of the own face.
In addition to the integration of an enfaced face into cognitive representations of the
self, the enfacement illusion also gives rise to embodied responses such that observers
respond to manipulations of an enfaced face more akin to as if it is their own. This is
evident from measures of heart rate deceleration (HRD). This is an autonomic response
reflecting the capacity of the autonomic nervous system to slow down the heartbeat
(Arsenos & Manis, 2014), and has been linked to an increase in attentional levels (Lang,
Bradley, & Cuthber, 1990). Recent research has shown that compared to asynchronous
stimulation with an onscreen face, synchronous stimulation produced more pronounced
heart rate deceleration (see Tajadura-Jiménez et al., 2012a).
Electrodermal activitiy (EDA) is another autonomic response, and reflects variations
in the electrical properties of the skin. Research has shown that EDA is increased for the
own face compared to other faces (Sugiura et al., 2000), pointing to the “significance” of
the own face (see Tranel, Fowles, & Damasio, 1985; Sugiura et al., 2000). In the context
of the enfacement illusion, electrodermal activity is increased after synchronous but not
asynchronous stimulation when a threatening object, such as a knife, is seen to approach
the onscreen face. A similar effect is also evident in the synchronous condition when the
threatening object is compared with a non-threatening object, such as a spoon (TajaduraJiménez et al., 2012a). These autonomic responses suggest that observers feel threatened
when the enfaced identity is threatened, indicating a close affective link between both
identities. This affective link is also evident from manipulations of other variables. For
example, attributes such as the attractiveness (e.g., Paladino et al., 2010; Sforza et al.,
2010) or the positive perception of an onscreen face (Bufalari, Lenggenhager, Porciello,
Serra-Holmes, & Aglioti, 2014) also modulate the strength of the enfacement illusion.
Whilst these effects demonstrate that relatively subtle characteristics of the onscreen
face affect enfacement, this illusion can also transcend salient differences in appearance
between the observer and the onscreen model. For example, the enfacement illusion is
also observed with faces of a race that differs to one’s own, such as white Caucasian
observers enfacing black African faces (see, e.g., Estudillo & Bindemann, 2016; Fini,
Cardini, Tajadura-Jiménez, Serino, & Tsakiris, 2013) and virtual avatars (Ma, Sellaro,
Lippelt, & Hommel, 2016; Serino et al., 2015). The transcendence of such clear visual
differences is remarkable as it suggests that cognitive representations of the own face are
highly malleable as a consequence of sensory input. Moreover, such modifications can be
achieved surprisingly quickly under experimental conditions, after multisensory
stimulation encompassing only a few minutes.
These findings might offer a theoretical account of how we incorporate changes in
appearance into the cognitive representations of our own faces. People can exhibit quite
substantial within-person variability in their facial appearance as a consequence of, for
example, grooming activities, aging, muscular movement, or differences in ambient
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conditions (see, e.g., Jenkins, White, Van Montfort, & Burton, 2011). To incorporate
changes in facial appearance, cognitive representations must capture such variability (see,
e.g., Burton et al., 2005; Burton, Jenkins, & Schweinberger, 2011) and contain a selfreferential mechanism to determine that a particular face is, in fact, one’s own (e.g.,
Devue & Brédart, 2011; Morin, 2006). Studies of the enfacement effect suggest that such
a self-referential mechanism for updating the visual representation of our own face might
involve the integration of information from several sensory sources, by seeing a face
touched and feeling the same touch on the own face at the same time.
Notably, such enfacement effects can be elicited also through the integration of other
sense modalities, such as vision and proprioception. For example, this illusion has also
been reported when an onscreen face mimics observer’s eye movements (Estudillo &
Bindemann, 2017) or head movements (Ma et al., 2016; Serino et al., 2015), thereby
capturing aspects of the experience of seeing one’s own face in a mirror. With respect to
the updating of cognitive representations of the own face, these paradigms might
therefore tap into self-referential mechanisms that are available outside of the laboratory.
For example, such feedback is available from mirrors during daily hygiene activities such
as washing and grooming. In these conditions, a person’s mirror reflection provides
synchronous visual feedback for motor, proprioceptive, and tactile information
(Botvinick & Cohen, 1998; Tajadura-Jiménez et al., 2012a; Tsakiris, 2008, 2010), giving
direct evidence that a looked-at face is, in fact, one’s own.

THE EXPERIENCE OF SELF-IDENTIFICATION WITH A FACE
Whereas some studies of the enfacement effect have included perceptual measures,
such as the self-other morph discrimination task (e.g., Tsakiris, 2008), most studies of the
enfacement illusion also include a questionnaire to measure the phenomenological
experience of this effect. While the format of this questionnaire can differ across studies,
observers consistently report to embody the face of an onscreen model to a greater extent
after synchronous than asynchronous stimulation (see, e.g., Estudillo & Bindemann,
2017; Ma et al., 2016; Sforza et al., 2010; Tsakiris, 2008). This effect is such that
observers report to “feel that the model’s face is their own” and that “it belongs to them”
(see e.g., Estudillo & Bindemann, 2016, 2017; Tajadura-Jiménez et al., 2012a; Tsakiris,
2008).
To systematically explore the different phenomenological aspects of owning and
identifying oneself with a face, Tajadura-Jiménez, Longo, Coleman, and Tsakiris (2012b)
conducted a large-scale study with 256 participants. In this study, observers were exposed
to both synchronous and asynchronous stimulation with an onscreen face before
completing an 18-item enfacement questionnaire. This comprised questions such as “I
felt like the other face was my face”, “It seemed like my own face began to resemble the
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other person’s face” and “It seemed like the person in the video was trustworthy”.
Principal Component Analysis of the questionnaire data revealed that the
phenomenological experience of ownership over another face consists of three different
components, which were common to synchronous and asynchronous stimulation. The
first component, named self-identification, captures qualitative differences between the
synchronous and asynchronous condition. For synchronous stimulation, this component
seems to reflect the visual identification of the observer with the model’s face. For
asynchronous stimulation, on the other hand, this component reflects only the mimicry by
an enfaced face, but not aspects related to the resemblance between this face and an
observer (Tajadura-Jiménez et al., 2012b).
Considering the importance of the face to our sense of self (Keenan et al., 2003), the
question arises of how the experience of enfacement compares to that of owning a
different body part, such as a hand (see Longo, Schüür, Kammers, Tsakiris, & Haggard,
2008). Studies that have explored body ownership with hands have reported a similar
self-identification component (see Longo et al., 2008). However, there appear to be
important differences in the structure and statistical weight between these selfidentification components for faces and hands. For example, in the case of the rubberhand illusion, the self-identification component is composed of three different
subcomponents (see Longo et al., 2008), which reflect ownership (i.e., the feeling that the
prosthetic belongs to the own body), location (i.e., the feeling that the prosthetic hand is
at the same place as the own hand and the source of the touch sensation), and agency
(i.e., the feeling of controlling and moving the rubber hand). In the case of the
enfacement illusion, on the other hand, such subcomponents are not found (see TajaduraJiménez et al., 2012b). In addition, the self-identification component accounts for 26% of
the total variance in the data of the rubber-hand illusion (Longo et al., 2008), whereas this
component accounts for 44% of variance in enfacement (Tajadura-Jiménez et al., 2012b).
These differences might reflect the fact that, compared to hands, the own face is more
strongly tied to our own identity.
Two other components of Tajadura-Jiménez et al.’s (2012b) Principal Component
Analysis revealed quantitative differences between conditions, with higher ratings for
synchronous than asynchronous stimulation. One of these components, termed similarity,
reflects the extent to which observers perceive the face of the onscreen model to be
similar to their own face. The other component, named affect, captures observers’
evaluation of the onscreen model’s face, such as whether it is perceived to be trustworthy
or attractive. The fact that this component is separable from self-identification and
similarity reveals an interesting aspect of face ownership, namely that feelings towards an
enfaced person are separable from cognitive face representations that capture the
perceptual appearance of the self.
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THE ENFACEMENT ILLUSION AND SOCIAL COGNITION
By demonstrating that people are able to embody such a distinctive and personal
physical feature as the face, the enfacement illusion suggests that the representations of
our own bodies are highly flexible. According to models of self-awareness (e.g., Morin,
2006), our physical appearance (i.e., public self-information) also affects internal aspects
of the self, such as thoughts, beliefs and emotions. Embodied accounts of social cognition
and emotion recognition make similar predictions but extensible to the perception of
other people (e.g., Baumeister & Bushman, 2014; Kubota, Banaji, & Phelps, 2012;
Niedenthal, 2007; Serino, Giovagnoli, & Làdavas, 2009). According to these theories,
embodiment procedures, such as the rubber-hand and enfacement illusion, should
therefore not only modify the representations of our own bodies but also affect our sociocognitive and emotional processes (see Maister et al., 2013; Paladino et al., 2010). For
example, according to embodied theories of emotion recognition (see Niedenthal, 2007),
a direct consequence of the enfacement illusion should also be the blurring of the
perceptual distance between the self and an enfaced model, and this decrease in the
perceptual distance should enhance emotion recognition (Maister et al., 2013; Paladino et
al., 2010).
Self-awareness and embodiment accounts of social cognition are supported by recent
research into the rubber-hand and enfacement illusion. For example, after enfacing a face,
observers report to feel physically more similar, personally closer, and more attracted
toward the enfaced model (Paladino et al., 2010). In addition, observers also seem to
conform to the model’s opinions. For example, when observers are asked to judge the
number of visual stimuli on a screen and are informed about the estimate made by an
onscreen model, the differences between both estimates are smaller after synchronous
stimulation (Paladino et al., 2010).
Recent studies also support emotion embodiment accounts. For example, in a study
by Maister et al. (2013) participants first performed an emotion recognition task,
followed by synchronous or asynchronous stimulation or no stimulation (no-touch
condition) with an onscreen face. This was followed by a repetition of the emotion
recognition task to assess the effect of enfacement on emotion embodiment. The results
revealed that observers recognised fearful facial expressions better after synchronous than
asynchronous stimulation (Maister et al., 2013). Interestingly, the enfacement illusion not
only enhances emotion recognition in this way, but it also seems to transfer the model’s
emotional state to the observer (see Ma et al., 2016). This is such that when observers
receive synchronous stimulation with a smiling face, they report to feel happier compared
to an asynchronous and a non-stimulation condition. According to Ma and colleagues
(Ma et al., 2016), this mood migration is a consequence of perceiving the model’s face as
oneself.
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Another aspect of social cognition that seems to interact with body ownership is
prejudice towards people from another racial group (see Fini et al., 2013; Maister,
Sebanz, Knoblich, & Tsakiris, 2013; Maister, Slater, Sanchez-Vives, & Tsakiris, 2015). It
is well established that racial group can impact on attitudes and behaviour, leading to
both implicit and explicit prejudice toward members of other racial or ethnic groups (see,
e.g., Hall, Crisp, & Suen, 2009; Inzlicht, Gutsell, & Legault, 2012). Interestingly, there is
some evidence to suggest that multisensory stimulation might reduce such racial
prejudice (see Maister et al., 2015). The visual remapping of touch effect refers to
observers’ increased sensitivity to tactile stimulation when seeing another face being
touched (e.g., Serino, Pizzoferrato, & Làdavas, 2008), and this effect is stronger for ownrace compared to other-race faces (Serino et al., 2009). However, when Caucasian
observers enface a black face, this elicits increased visual remapping of touch for that
particularly face. Moreover, this effect seems to be stronger in observers who
demonstrate a greater race bias on the Implicit Association Test (Fini et al., 2013),
suggesting that enfacement can reduce racial prejudice. However, this study did not
include a post-stimulation measure of racial prejudice, which makes it difficult to
ascertain whether the increased visual remapping of touch effect was the consequence of
a general reduction in racial prejudice or a specific increased preference toward the
enfaced face (Paladino et al., 2010).
In a more recent study, Estudillo and Bindemann (2016) explored whether selfidentification with a black face, through multisensory stimulation, would also reduce
racial prejudice in Caucasian observers. Observers reported enfacement of a black
onscreen face after synchronous multisensory stimulation, compared to a non-stimulation
and an asynchronous stimulation condition. However, this effect did not produce a
change in racial prejudice on implicit and explicit measures.
Studies of the rubber-hand illusion have also explored whether multisensory
stimulation can affect racial prejudice. This has shown that observers who report a
stronger sense of ownership over a black rubber hand also exhibit less racial prejudice
(Maister et al., 2013). However, this effect was independent of the type of multisensory
stimulation that was delivered. This indicates that it was the actual sense of ownership
over the hand, and not the type of multisensory stimulation, that produced the reduction
in racial prejudice. Interestingly, this finding deviates from multisensory stimulation with
black faces in Estudillo and Bindemann’s (2016) study, in which the sense of selfidentification with the black face was not associated with prejudice reduction. This raises
the question of why the sense of ownership over a hand modulates racial prejudice, but
the sense of self-identification with another face does not.
One possibility is that the face, as the paramount representation of one’s own
identity, poses stronger resistance to the loss of the sense of ownership compared to other
body parts. Neuropsychological studies indicate that the loss of the sense of ownership
over hands or feet in brain-damaged patients (see, e.g., Berlucchi & Aglioti, 1997;
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Giummarra, Gibson, Georgiou-Karistianis, & Bradshaw, 2008) occurs more frequently
than self-face recognition deficits, which are also temporary in most cases (Brédart &
Young, 2004). Phenomenological evidence from body illusion research with neurological
healthy participants also suggests that rubber-hand and full-body illusions are more vivid
than the enfacement illusion (see Botvinick & Cohen, 1998; Lenggenhager et al., 2007;
Sforza et al., 2010; Tsakiris & Haggard, 2005). In addition, psychometric differences
between the enfacement and the rubber-hand illusion indicate that faces are more strongly
tied to self-identity than hands (see section ‘The experience of self-identification with a
face’). This might explain, then, why the general feeling of ownership over a hand can
modulate racial prejudice (Maister et al., 2013) but self-identification with a face cannot
(Estudillo & Bindemann, 2016).

CONCLUSION
The multisensory approach offers a theoretical account of how representations of our
own faces might incorporate changes in our own appearance. Accordingly, the visual
representation of the own face is modified and updated by the interaction and integration
of different sensory sources, comprising visual, tactile and proprioceptive information.
This theory receives experimental support from the enfacement illusion, which shows
that the observation of another person’s face being stroked in synchrony with one’s own
face affects self-face recognition, but not the recognition of the other person’s face. In
addition, the enfacement illusion also influences social-cognitive and affective processes,
such as conformity behaviour, emotion recognition, and affective reactions. This
indicates that during the enfacement illusion, rather than only embodying another
person’s face, observers embody multiple aspects of a person’s identity.
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CHILDREN’S FACE IDENTIFICATION ABILITY
Catriona Havard*
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ABSTRACT
Children’s face recognition and eyewitness identification ability has been a widely
researched area over the last 40 years. Much of the face recognition research has reported
that children are not as accurate as adults at correctly recognising a face from memory. A
number of theories have been postulated as to whether this is a specialised deficit in face
processing or results from general cognitive immaturities. In contrast, most research from
the eyewitness literature has found that when it comes to correctly identifying a
previously seen face or culprit, children can be as accurate as adults. However, when
children are shown a lineup that does not contain a previously seen face, they are much
more likely to incorrectly say they have seen one of the faces, and make a false
identification, as compared to adults. This chapter will discuss literature from the face
recognition and eyewitness domains and attempt to unpick why they report different
findings.

Keywords: face recognition, eyewitness identification, adults, children

INTRODUCTION
Over the last 40 years, a wealth of research has investigated how accurate children
are at recognising faces they have previously seen and at discriminating novel faces.
Much of this research has reported that children are not as accurate on many
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psychological face identification tasks as adults, although depending on the tasks and the
age of the participants, results have not always produced consistent findings. A number
of theories from both the cognitive and social psychological domains have developed to
understand why children perform more poorly on face identification or face perception
tasks. This chapter will review key findings from the face recognition and eyewitness
identification literature and argue that methodologies that are widely used in empirical
testing often underestimate children’s face identification ability.
Face identification research with children has mostly employed two types of
paradigms: face recognition and eyewitness identification tasks. Both approaches
investigate how children and adults identify and discriminate between faces, but do not
always produce comparable results. This chapter examines the literatures that build on
both of these experimental paradigms.

FACE RECOGNITION PARADIGMS
Studies investigating children’s face recognition derive from the cognitive
psychology domain. Face recognition experiments are usually conducted in the
laboratory where a series of faces (e.g., 20) are presented during a study phase. Facial
stimuli are usually cropped using image manipulation software, so that cues such as
clothes, background and in some cases hair are all removed, leaving only the face outline
and internal facial features. Faces are often presented as grayscale images, and in a full
face pose, rather than in profile or three-quarters view (although see Troje & Bülthoff,
1996 for recognition from differing poses). Stimuli are usually presented for a short
duration (e.g., 5 seconds, or less), and participants may or may not be told they will be
tested on the faces later. In the test phase, the faces seen previously are presented, along
with additional novel faces. Accuracy is often measured using the ‘hit rate’, that is the
correct recognition rate of faces that have previously been seen. The ‘correct rejection’
rate can also be measured and reflects the proportion of faces correctly determined as not
being previously seen. Errors tend to be measured by the ‘miss rate’, which is the
proportion of old faces that are not recognised, and the ‘false positive rate’, which refers
to the proportion of novel faces that are incorrectly identified as old.
Recognition studies comparing children and adults’ performance tend to report that
children’s hit rate for unfamiliar faces increases with age and only reaches adult levels
around adolescence (Carey, Diamond, & Woods, 1980; Chance, Turner, & Goldstein,
1982; De Heering, Rossion, & Maurer, 2012; Ellis & Flin, 1990; Flin, 1980, 1985; for
reviews, see Chance & Goldstein, 1984; Chung & Thompson, 1995). The majority of
face recognition studies have focused specifically on children’s hit rates, or a global
measure of accuracy, however there is some evidence that children’s false positive rates
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reduce with age, and the accuracy of adolescents can be comparable to adults (Chance &
Goldstein, 1979; Flin, 1980; Shapiro & Penrod, 1986).
There are two main approaches to explain developmental differences in face
recognition. One assumes that these derive from a specialised deficit in face processing,
whereas the other postulates that these result from general cognitive immaturities
(Crookes & McKone, 2009). The face-specific perceptual development theory suggests
that children cannot encode new faces as effectively as adults as the specific mechanisms
needed to process faces are not mature and develop over childhood. It’s been suggested
that one aspect of children’s face-processing deficit could be due to differences in
configural and/or holistic encoding. Research in 1970s suggested that children begin by
processing faces in a piecemeal fashion using featural encoding, and then at some point
switch to a more effective holistic/configural strategy, a theory still being investigated
into 2010s. Configural and holistic encoding, although not always clearly defined in the
literature, usually refer to the processing of a face as a whole of unified parts, and the
encoding of the configuration of individual face parts (i.e., the distance between the facial
features). Some research has shown that children perform more poorly on configural and
holistic face processing tasks as compared to adults (Carey & Diamond, 1977; Maurer,
Grand, & Mondloch, 2002; Mondloch, Le Grand, & Maurer, 2002; Tanaka & Farah,
1991, 1993). Specifically, children under the age of 10 years tend to process faces in a
piecemeal fashion, rather than using holistic processing (Carey, Diamond, & Woods,
1980). Further support for this theory was found by a study reporting that 6-7 year olds
were better at recognising individual features of faces (especially the eyes) compared to
9-10 year olds (Hay & Cox, 2000).
The featural versus configural/holistic encoding theory has received support from a
number of studies (Carey & Diamond, 1977; Maurer, Le Grand, & Mondloch, 2002;
Mondloch, Le Grand, & Maurer, 2002; Tanaka & Farah, 1991, 1993). However, other
research has found that children as young as 4-6 years can process faces holistically
(Carey & Diamond, 1994; de Heering, Houthuys, & Rossion, 2007; Mondloch et al.,
2007; Pellicano & Rhodes, 2003; Tanaka et al., 1998), suggesting that differences in
performance are not necessary due to differences in holistic processing.
Another explanation from the face-specific perceptual development theory for
children’s poorer ability to recognise faces relates to the psychological model of face
space (Valentine, 1991; Valentine, Lewis, & Hills, 2016). The face-space framework
suggests that through experience we build up an internal multi-dimensional model where
recognisable faces can be stored and an image of the average face created. Typical faces
will be at the centre of face space, near the average or norm and faces that are more
distinctive will be located at the periphery. Although the exact dimensions of face-space
have not been clarified, it has been suggested that there are a number of dimensions, such
as eye colour, face shape and hair colour, that are used when making identifications.
Research comparing children and adult performance on a face similarity task found that
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adults used multiple dimensions for the task, whereas children relied more on one
dimension (for example, eye colour), leading researchers to suggest that children’s face
space was not as stable as adults (Nishimura, Maurer, & Gao, 2009).
More recent research has challenged the face-specific deficit theory and proposed a
general cognitive deficit theory. In this theory, face processing ability is mature at a
young age (Crookes & McKone, 2009; McKone, Crookes, Jeffery, & Dilks, 2012) and
poorer performance on face recognition tasks is not due to differences in face processing
per se, but the development of other general cognitive factors (Crookes & McKone,
2009; Gilchrist & McKone, 2003; McKone & Boyer, 2006; McKone, Crookes, Jeffery, &
Dilks, 2012; Mondloch, Maurer, & Ahola, 2006; Want, Pascalis, Coleman, & Blades,
2003). McKone and colleagues (2012) suggest that general cognitive differences can
include the ability to concentrate on the task, a narrow focus of attention on visual
stimuli, meta-cognition and memory.
Evidence to support the general cognitive development theory was found in research
that compared children aged 5-6, 7-8, 9-10 years and adults’ performance for recognising
images of faces and dogs. According to the face-specific perceptual development theory,
if faces involve a special form of processing that develops over time, then performance
on face recognition should increase above the rate of performance of dog recognition as
children’s age increases. The findings, however, showed no significant improvement of
memory for faces over dogs, lending more evidence to a general memory improvement
(Crookes & McKone, 2009).
Further evidence to support a developmental memory component, reported that
children’s performance improved in face discrimination tasks that employed
simultaneous presentation (Mondloch, Dobson, Parsons, & Maurer, 2004) compared to
sequential presentation (Mondloch, Le Grand, & Maurer, 2002). However, other research
using simultaneous face-matching tasks found that children significantly improved in
accuracy from 7-16 years of age (Megreya & Bindemann, 2015), suggesting that the
differences are not purely based on memory development.
In McKone et al.’s (2012) review of face recognition literature they suggested that if
children did have poorer face recognition skills as compared to adults then they would
struggle to learn new faces when beginning school. This has not been found to be the
case, again providing further evidence that children are capable of encoding novel faces
as proficiently as adults. Furthermore, from an evolutionary point of view it makes sense
for children to be able to learn new faces to aid social development from a young age.

EYEWITNESS PARADIGMS
The eyewitness paradigm aims to simulate what a witness experiences when seeing a
crime. The typical eyewitness paradigm with children often takes place outside the

Complimentary Contributor Copy

Children’s Face Identification Ability

259

laboratory (e.g., in schools), where unsuspecting participants see some type of event in a
live format or as a video of a mock crime. During the event, participants often get
multiple views of the culprit or target (e.g., full face, and profiles) for several seconds.
Then, after a delay, which can range from a few minutes to several days, participants
view a lineup of six to nine faces (which may be presented simultaneously or serially),
and are asked to identify the culprit. The lineup will be either target-present, in that it
contains the culprit, or target-absent, by not containing the culprit. In the target-present
lineup, measures include the correct identification of the target, the error of making a foil
identification (choosing another lineup member, other than the target), and an incorrect
rejection (saying the target is not there). The target-absent lineup is designed to simulate
the situation that the police have arrested an innocent person to investigate whether a
witness correctly rejects the lineup by saying the target is not there, or chooses the
innocent suspect thus making a false identification, or identifies a known innocent lineup
foil. Therefore, eyewitness identification research is not merely concerned with correct
identifications, but also the errors that witnesses can make that could potentially lead to
misidentifications, wrongful convictions and miscarriages of justice.
In contrast to face recognition research, findings from eyewitness research with
children tend to report that when it comes to correctly identifying a previously seen face
from a target-present lineup, children over the age of five years can be as accurate as
adults (Lindsay, Pozzulo, Craig, Lee, & Corber, 1997; Parker & Ryan, 1993; Pozzulo &
Balfour, 2006; Pozzulo & Lindsay, 1998; but see Fitzgerald & Price, 2015, for a recent
meta-analysis showing contrary findings). However, when children are shown a targetabsent lineup, they are much more likely to incorrectly decide that they have seen one of
the faces, and make a false identification (Dekle, Beal, & Honeycutt, 1996; Humphries et
al., 2012; Lindsay et al., 1997; Pozzulo & Lindsay, 1998; Parker & Ryan, 1993; Pozzulo
& Balfour, 2006; Pozzulo & Warren, 2003; for a review of the literature, see Havard,
2014). A few studies have reported that older children, aged 12 to 14 years, can perform
like adults on target-absent lineups (Pozzulo & Lindsay, 1997; Pozzulo & Warren, 2003,
Experiment 2), or more accurately than younger children (Havard et al., 2010). The age at
which children behave like adults on target-absent lineups, still remains an empirical
question and much of the research in this area aims to improve children’s performance on
target-absent lineups.
A number of theories have been suggested for children’s higher false identification
rates. One explanation mentioned earlier in this chapter is that adults use configural and
holistic processing when identifying faces, whilst children rely more on featural
information for identification (Pozzulo & Lindsay, 1997). Featural information can be
useful for target-present lineups, for example, to match the hairstyle and facial features of
the target from the lineup with an image held in memory. However, for a target-absent
lineup, featural information may be less useful, and holistic information may be needed
to make a correct decision and reject the entire lineup. If a featural strategy is used for a
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target-absent lineup decision, the witness may choose the foil having the most similar
hair to the target, rather than processing the whole face and determining that the
configuration is not the same. An alternative explanation for children’s poorer
performance on target-absent lineups suggests that children may have weaker memory
traces, resulting in a lower matching criterion for faces in lineups. This is fine if the
source of the memory is in the lineup (target-present), but when the lineup does not
contain the memory source (TA), there is a higher likelihood of a false identification
(Pozzulo & Lindsay, 1998).
The next theoretical explanations for the disparity between children’s and adults’
performance have received the most attention within the eyewitness field. This includes
the assertion that children are particularly sensitive to social and task demands of the
eyewitness paradigm (Pozzulo & Lindsay, 1997). When presented with a lineup,
witnesses often assume that the perpetrator must be within the group (Gross & Hayne,
1996). This exerts an implicit pressure to select someone, but adults appear to have a
greater capacity to resist this pressure than children (Beal, Schmitt, & Dekle, 1995; Ceci,
Ross, & Toglia, 1987). Children may also be more likely to guess and use a more liberal
decision criterion, as compared to adults (Parker & Carranza 1989). It has also been
suggested that children view giving a positive response as being more favourable than
giving a negative response (Zajac & Karageorge, 2009), and that giving an answer is
preferable to not giving any answer (Waterman, Blades, & Spencer, 2000). Children may
feel, therefore, that they should choose someone from the lineup instead of saying ‘the
person isn’t there’ or ‘I don’t know’.
One attempt to try and reduce guessing behaviour and make lineup decisions use a
stricter response criterion was the development of sequential lineups (Lindsay & Wells,
1985). Previously, most eyewitness research employed simultaneous lineups, where all
the photos are presented in an array at the same time. The assertion is that simultaneous
lineups encourage relative judgements, leading observers to choose the person who looks
most like the target, which results in higher false choosing rates for target-absent lineups.
In the sequential lineup, each person is presented one at a time and the witness does not
know how many lineup members they will view. Consequently, witnesses have to make
an absolute judgement for each face and say whether that person is the target. The lineup
stops when the witness identifies someone, or they have seen each lineup member. Once
someone is identified they cannot see that person or any other lineup member again. The
sequential lineup procedure has been found to reduce false identifications from targetabsent lineups for adult witnesses (Kneller, Memon, & Stevenage, 2001; Sporer, 1993).
However, sequential lineups have not been as effective at reducing false identifications
by children viewing target-absent lineups (Lindsay et al., 1997; Parker & Ryan, 1993;
Pozzulo & Lindsay, 1998).
The elimination lineup was specifically developed for children, and has found more
success at reducing the false identification rates (Humphries et al., 2012; Pozzulo &
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Balfour, 2006; Pozzulo, Dempsey, & Gascoigne, 2009; Pozzulo & Lindsay, 1999). In the
elimination lineup, children are asked to eliminate all of the lineup members they know
are not the target, therefore removing the majority or all of lineup foils. The witness then
has to make an absolute decision and determine if the surviving lineup member is the
target. If all the lineup members have been eliminated, it could be that a second decision
does not have to be made. The success of the elimination procedure could result from a
shift in strategy (from relative to absolute), or a criterion shift (a higher threshold for a
witness to make an identification). Furthermore, by giving the children the option to
eliminate lineup members it may reiterate the implicit assumption that the perpetrator
might not be in the lineup, and thereby reduce false positive responding (Pozzulo
Dempsey, & Gascoigne, 2009). Although elimination lineups have been effective at
increasing accuracy for the simultaneous photo target-absent lineups employed in the US,
they have not been as successful for the video lineup method that is in use the UK
(Humphries Holliday, & Flowe, 2012).
While the majority of research investigating children’s eyewitness ability has
employed static photo lineups, research with video lineups, such as those employed by
the UK police, is growing. Video lineups use moving images presented serially with head
and shoulders facing forwards, and turning to the left and right, so that both profiles are
viewed. Research with adults reports that video lineups produce similar correct
identification rates to photo lineups, but reduce false identifications for target-absent
lineups (Cutler & Fisher, 1990; Valentine et al., 2007). However, research comparing
children’s performance on video lineups with photo lineups has not always obtained
consistent results. Beresford and Blades (2006) found no difference in performance for
video versus photo lineups for target-present or target-absent lineups for children (aged 67 and 9-10 years). Other research also found no improvement in target-absent responses
for younger children (aged 7-9). However video lineups were found to reduce false
identifications from target-absent lineups with adolescents (aged 13-15 years) compared
to static photo lineups (Havard, Memon, Clifford, & Gabbert, 2010).
A number of studies have specifically tried to reduce the task demands of viewing a
lineup and the propensity to choose. One procedure is to use practice lineups, where
children are presented with a lineup that is very obviously target absent - for example,
being asked to pick out their mother - to understand that sometimes the correct response
can be to say the ‘person is not there’. Goodman, Bottoms, Schwarz-Kenney, and Rudy
(1991) reported a benefit for using practice lineups on subsequent target-absent lineup
performance. However, other research has not found a benefit for practice lineups
(Davies, Stevenson-Robb, & Flin, 1988), or found this procedure only beneficial for
simultaneous photo lineups (Parker & Ryan, 1993).
An alternative approach to reduce the false identification rate for target-absent
lineups and to allow children to fulfil their compulsion to pick someone from a lineup, is
to provide an additional response that can be chosen without resulting in a false
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identification (Beal et al., 1995; Davies, Tarrant, & Flin, 1989; Dunlevy & Cherryman,
2013; Havard & Memon, 2013; Karageorge & Zajac, 2011; Zajac & Karageorge, 2009).
Some research has included an alternative choice in the lineup such as a silhouette of a
head, a ‘Wildcard’ or ‘Mystery Man’, or a line drawing of a ‘Mr Nobody’ who can be
picked if no one is recognised. This has been found to increase accuracy on target-absent
lineups without reducing accuracy for target-present lineups with children aged five up to
12 years of age for photo lineups (Beal et al., 1995; Davies, Tarrant, & Flin, 1989;
Dunlevy & Cherryman, 2013; Karageorge & Zajac, 2011; Zajac & Karageorge, 2009)
and video lineups (Havard & Memon, 2013). By introducing an additional option in the
lineup it aligns the correct rejection response more closely to the correct identification
responses, and allows children to make a positive rather than negative response.
However, some research has found that the silhouette must have hair that is congruent
with the target for the procedure to beneficial (Zajac & Jack, 2015).

FACE RECOGNITION VERSUS EYEWITNESS
IDENTIFICATION FINDINGS
The disparity in findings between face recognition and eyewitness identification
studies could result from different methodologies. Firstly, the number of target faces can
differ greatly, face recognition studies use larger numbers of targets (e.g., 20), whereas
eyewitness studies tend to only use one target or trial per participant. This seems to
suggest a memory load or attention component, whereby children can accurately identify
faces as being seen previously, but either due to lapses in attention or memory they are
not able to correctly recognise a higher number. Furthermore, as face recognition
experiments involve multiple trials and children are easily distracted, their accuracy may
be pushed towards chance (McKone et al., 2012).
The stimuli can also vary between the two types of paradigms. Face recognition
studies employ full face static images (unless specifically manipulating pose) using short
stimulus presentation times, and then usually full faces (although different images) in the
test phase. Eyewitness studies tend to use more naturistic stimuli of moving faces (video
or live event) during the study phase, so there is more opportunity to encode the face
from different angles and usually for longer presentation times. In the test phase, either
static faces are then presented in a full face pose for photo lineups, or moving faces that
present both profiles along with the full face pose in a video lineup (in the UK video
lineups are also shown twice to witnesses before they are asked to make an
identification).
One global criticism of face recognition studies that have compared the performance
of children and adults is that they have not fully explored the attentional aspects of the
experimental tasks and often employ paradigms designed for adult populations with
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numerous trials. To perform accurately on many face recognition or discrimination tasks
involves being able to concentrate for an extended period of time, focus on visual stimuli,
which can in some cases only be presented for short periods of time, and then make a
specific response, which in some cases is timed. Although there is a large amount of
literature on sustained attention in adults, the research is much more limited in relation to
children. Studies that have investigated children’s executive function report that their
attention continues to develop and improve from five to ten years of age (Betts, Mckay,
Maruff, & Anderson, 2006; McKay, Betts, Maruff, & Anderson, 2010). Therefore, it
could be argued that children’s poorer performance on face tasks may result from lapses
in concentration and boredom, resulting in more guessing behaviour (McKone, Crookes,
Jeffrey, & Dilks, 2012). One study using a novel storybook paradigm found that children
could effectively recognise target faces. This suggests that if children are actively
engaged in a task, then they can perform accurately (Brace, Hole, Kemp, Pike, Van
Durren, & Norgate, 2001).
A further criticism is that many of the experiments upon which the developmental
face recognition theories are based, have not used the typical face recognition paradigm
of showing a face and then trying later to recognise it. Many studies have used face
discrimination tasks where the faces presented have a very similar appearance with small
alterations or spacing between features (Mondloch et al., 2002, 2004; Nishimura et al.,
2009), or tasks where participants have to identify which feature belonged to a specific
face (Tanaka et al., 1998), or which require recognition or matching of inverted faces
(Carey & Diamond, 1994; De Heering, Rossion, & Maurer, 2012; Megreya &
Bindemann, 2015). It could be questioned as to how many of these face perception tasks
actually equate to real-life every-day face identification. Even the archetypal face
recognition paradigm of seeing upright full-face images has been criticised for its lack of
ecological validity (Lindsay & Wells, 1985).
Eyewitness research has also received criticism over the years, both in general terms,
and specifically with children. One weakness in eyewitness identification methodology is
that many studies only employ a single person or, in some cases, two or three targets.
Therefore, the findings may be due to target effects. Eyewitness experiments also do not
involve any specific emotional involvement that can be associated with witnessing or
being a victim of crime, which may be stressful especially for children (Goodman et al.,
1992). Research comparing the performance of different age groups (children, older
adults, adult lay persons) has found that many experiments use undergraduate students
and their results are more accurate than other populations. This suggests that research
using undergraduate populations may overestimate eyewitness memory performance
(Barlett & Memon, 2006; Pozzulo, 2006).
The task demands of the paradigms are also quite different; when faced with
numerous trials children can assume that in some cases the faces they see may be old and
previously seen and in other cases they maybe new, and therefore respond accordingly.
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However, in an eyewitness paradigm with a single trial, where children are asked to
either choose who they think the culprit is or say that he is not there, there is a greater
social demand to choose someone. Research has found that younger children in particular
perceived failing to identify a culprit (miss) as less desirable than wrongly identifying an
innocent person (false identification), whereas older children felt the reverse (Spring,
Saltzstein, & Peach; 2013).

OWN-AGE BIAS
There is also an additional factor that might influence how well children perform on
face recognition and eyewitness tasks, which is that the majority of research uses adult
faces as experimental stimuli. There is substantial evidence to suggest an own-age bias in
face identification, whereby people are better at recognising faces that are of a similar age
to themselves (for a review and meta-analysis, see Rhodes & Anastasi, 2012). Research
that has investigated the own-age bias in face recognition reports that children are more
accurate at recognising child faces as compared to adult faces (Anastasi & Rhodes, 2005;
Hills & Lewis, 2011). Eyewitness research has also found an own-age bias for child
witnesses, which results in higher correct rejection rates for child as compared to adult
targets (Havard, Memon, Laybourn, & Cunningham, 2012).
Eyewitness studies have tended to use a young adult target in their mid-20s
(Beresford & Blades, 2006; Dekle et al., 1996; Parker & Carranza, 1989; Parker & Ryan,
1993; Zajac & Karageorge, 2009) and face recognition research also usually employs
young adult faces as stimuli (Carey et al., 1980; Chance et al., 1982; Crookes & Robbins,
2014; De Heering et al., 2012; Tanaka et al., 1998). This automatically puts children at a
disadvantage, when it comes to making identifications. Performance differences may be
further exacerbated when the comparison group consists of young adults who are of a
similar age to the faces being used for the stimuli.

EVIDENCE FROM FIELD RESEARCH
Thus far, all the literature discussed has employed experimentally collected data with
artificially created stimuli. There is a very small body of work that has looked at how
accurate children can be at making real-life identifications from police lineups. In a field
study with real witnesses in Scotland, it was reported that witnesses under the age of 16
years made more suspect identifications and fewer foil identifications as compared to
those aged over 16 years (Memon, Havard, Clifford, Gabbert, & Watt, 2011).
Furthermore, younger children (aged 5-11 years) were more likely to identify the suspect
as compared to the older children (age 12-15 years).
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In contrast, an archival study of real witnesses in England found that children aged
10-15 years were less likely to identify a suspect than those aged 16-20 years (Horry,
Halford, Brewer, Milne, & Bull, 2014). There are limitations in field research and
archival analysis of eyewitness responses that need to be taken into consideration. For
example, the type of crime a child has witnessed may influence behaviour and whether
they were a victim or a bystander (Memon et al., 2011). Also, as the age gap between a
witness and suspect increases, there is a reduced likelihood of a suspect identification,
again lending more evidence to the own-age bias (Horry, Memon, Wright, & Milne,
2012). One important aspect of field research that needs to be taken into account is that it
usually does not contain corresponding conviction data. Therefore, it cannot be assumed
that all suspects are in fact guilty and that suspect identifications equate to correct
identifications. Also, many archival studies have not investigated whether the witnesses
were familiar with the suspects, which could greatly influence identification decisions.
Furthermore, some studies using archival data have been criticised for not using the most
appropriate statistical analyses (for details, see Horry et al., 2014).

CONCLUSION
Early face recognition research suggested that children process faces in a
qualitatively different way to adults and up until the age of 10-12 rely on a less effective
featural processing strategy, whereby faces are encoded in a piecemeal fashion, whilst
adults use a more effective holistic and configural processing strategy. More recently, the
face-specific perceptual deficit approach has been brought into question and it has been
suggested that children are able to process faces as effectively as adults from a young age
(5 years) and that the findings can be explained by general cognitive development and a
less mature memory and attentional capacity. Face recognition studies often have
numerous trials and require attentional resources to perform accurately and it could be
that children either through boredom, or lapses of attention, do not respond as accurately
as adults.
Findings from eyewitness studies suggest that children can identify a previously seen
face from a lineup as accurately as adults. However, when it comes to correctly rejecting
a target-absent lineup, children are much more likely to choose and thereby make a false
identification as compared to adults. One method to reduce these false identifications is to
provide children with an additional response, such as a silhouette head within a lineup.
The benefit of providing an additional response in a target-absent lineup suggests that
children’s poorer performance is a result of task demands, rather than a difference in
processing or choosing strategy.
According to the own-age bias, most research with face recognition and eyewitness
paradigms places children at a disadvantage, as the stimuli they are tasked to recognise
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are often young adult faces. Furthermore, young adults are often used as a comparison
group, and will find it easier to recognise such facial stimuli as compared to children.
Much of the research discussed in this chapter suggests that overall the field of face
identification has underestimated children’s ability to recognise faces in everyday
situations by using methodologies that put them at a disadvantage. As McKone et al.
(2012) point out, although laboratory tasks appear to show an age-related improvement in
face recognition, how they equate to everyday face recognition ability is unknown.
Experiments that use multiple trials with artificially created facial stimuli can lack
variability and in some cases are manipulated to remove hair which can be misleading.
Some researchers have suggested that in the future face recognition research should use
naturally occurring facial stimuli (Burton, 2013). In addition, future research could use
more ecologically valid methods or experimental tasks that are suitable for all ages
(Brace et al., 2001) instead of recruiting child participants to take part in experimental
studies designed for young adults.
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ABSTRACT
In the first year of life, infants typically are exposed to people predominantly from
their own race and rarely encounter other-race individuals. In the last decade and a half, a
number of studies have found that this differential face-race experience leads infants to
display perceptual processing advantages for own- over other-race faces. Infants at three
months of age show visual preference for own-race faces over other-races faces, and
older infants develop advanced face recognition abilities and specialized face scanning
patterns for processing own-race faces. Moreover, the asymmetric face-race experience
also results in social consequences. Older infants exhibit social biases towards own-race
individuals, associating positive emotional signals with own-race faces and negative
signals with other-race faces. These older infants are additionally inclined to learn from
own-race individuals over other-race ones. Future research directions are discussed.
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INTRODUCTION
Recognition of individuals and their membership in social categories is crucial for
social species such as humans. Faces contain multi-dimensional information, such as
race, gender, age, and species, and can be parsed into various categories according to this
information. The manner by which our face perception ability becomes efficient is that
throughout development, we socially come to interact with thousands of individuals. This
experience is believed to sculpt our face processing abilities.
Importantly, we usually have more frequent experiences with one or a few categories
of faces (e.g., own-species and own-race) than other categories of faces (e.g., otherspecies and other-race). For example, in the first year of life, infants are mostly exposed
to faces from their own race, while having limited access to other-race faces (Rennels &
Davis, 2008; Sugden, Mohamed-Ali, & Moulson, 2014). The asymmetrical face race
experience exerts strong influence on the early development of face processing in
infancy. Such influence is largely manifest in more advanced face processing abilities for
own-race faces relative to other-race faces. Researchers in the past decade and a half have
reported this own-race face processing advantage in various behavioral phenomena, such
as visual preference, face recognition, and face scanning patterns as revealed in the
tracking of infant eye movements. Moreover, the influences of the asymmetrical facerace experience have been found not only in the domain of perceptual development, but
also in the ways in which infants behave socially towards own- versus other-race
individuals. In the current chapter, we first summarize the recent findings regarding the
perceptual advantages for own-race faces in infants and discuss the underlying
mechanisms. We then describe some recent work on the down-stream influences of
asymmetrical face-race experience in infancy.

FACE PREFERENCE: AN EXPERIENTIALLY-BASED PERCEPTUAL BIAS
Kelly and colleagues (2005) were among the first to study visual preference for ownversus other-race faces with infants between birth and three months of age. They
presented Caucasian three-month-old infants with pairs of faces from different races:
Caucasian/African, Caucasian/Asian, and Caucasian/Pakistani faces. By comparing the
amount of time that the infants looked at each of the two faces within each face pair, the
researchers determined whether a visual preference for a particular race of faces existed.
The results indicated a consistently longer looking time for the faces corresponding to the
same race as the infants (i.e., the Caucasian faces) over the faces of other races. By
contrast, newborns did not show a reliable visual preference for a particular face race
(Kelly et al., 2005), even though the sensitivity to show such a preference is present,
given that newborns have been shown capable of discriminating faces chosen from within
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their own-race category (Pascalis & de Schonen, 1994). This result is consistent with an
experiential account of the preference, and follow-up studies have extended this
significant finding of an own-race preference to three-month-old infants from different
racial backgrounds, such as African infants (Bar-Haim, Ziv, Lamy, & Hodes, 2006) and
Asian infants (Kelly, Liu, et al., 2007).
The role of face-race experience in the development of visual preference for ownrace faces was further explored in a study directly comparing the visual preferences of
infants from the same race, but with different exposure to face race. Bar-Haim and
colleagues (2006) found that three-month-old African infants who lived in African
communities and were exposed mainly to African faces preferred to look at African faces
over Caucasian faces. By contrast, three-month-old African infants from African families
who resided in a predominantly Caucasian community, and were exposed to African
faces within their family and Caucasian faces from the community, did not show a
preference between own-race African and other-race Caucasian faces. These findings
suggest that the representations of own- and other-race faces are not yet formed at birth,
and three months of exposure to own-race faces are sufficient for infants to develop a
visual preference toward own-race faces.

FACE RECOGNITION: A LATER-DEVELOPING PERCEPTUAL
BIAS ALSO RESULTING FROM EXPERIENCE
The influence of the asymmetrical face-race experience on the development of face
perception is evident in an apparently regressive age-related change in infant recognition
of own- and other-race faces. Young infants initially can discriminate differences among
own-race faces and also among other-race faces. However, with increased age and related
increase in experience with processing own-race faces, infants maintain the ability to
discriminate differences among own-race faces, but begin to experience difficulty
differentiating among other-race faces. This experience-related developmental pattern in
infancy is referred to broadly as perceptual narrowing (for a review, see Maurer &
Werker, 2014).
For example, Kelly, Quinn, and colleagues (2007) found that three-month-old
Caucasian infants could discriminate among own-race Caucasian faces and also among
other-races faces, including African faces, Asian faces, and Middle Eastern faces. By
contrast, nine-month-old Caucasian infants were only able to discriminate among ownrace Caucasian faces, but were no longer sensitive to the differences within other-race
face classes. This developmental pattern of responding to own- versus other-race faces
was later replicated with Asian infants (Kelly et al., 2009), whereby Asian infants
maintain their ability to discriminate Asian faces but not other-race faces (but see Chien,
Wang, & Huang, 2016). These findings indicate a transition in face processing from
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broad discrimination abilities at an early age to more specialized discrimination abilities
at older ages of infancy (Nelson, 2001; Scott, Pascalis, & Nelson, 2007; Slater et al.,
2010; but see Hayden, Bhatt, Joseph, & Tanaka, 2007). Thus, the face-processing system
of infants seems to be tuned by increased experience with own-race faces and lack of
experience with other-race faces so as to optimally process the most frequently
encountered own-race faces.
Consistent with this experiential account of perceptual narrowing, experimentally
exposing infants to other-race faces can prevent and even undo narrowing for other-race
faces (Anzures et al., 2012; Heron-Delaney et al., 2011). Heron-Delaney et al. (2011)
studied the face discrimination abilities of Caucasian infants for other-race Asian faces at
nine months of age after experimentally exposing them to individually named Asian faces
(via picture books) at six months of age for three months. They found that infants
provided with experience of other-race Asian faces were able to discriminate Asian faces
at nine months of age. By contrast, a control group of nine-month-olds who did not
receive Asian face experience between six and nine months of age exhibited perceptual
narrowing and failed to discriminate other-race faces. In accord with Heron-Delaney et
al. (2011), Anzures et al. (2012) found a similar facilitation of discrimination by
providing Caucasian infants with two to three weeks of exposure to individually named
Asian faces in videos. Notably, the findings of Anzures et al. (2012) were observed in
eight- to ten-month-olds, for whom perceptual narrowing would already have occurred.
The latter findings indicate then that effects of perceptual narrowing can be undone.
Together, these pieces of evidence show that increasing exposure to faces that are
normally not seen in everyday environments can preserve the processing abilities of
infants for these types of faces.

THE DEVELOPMENT OF FACE-RACE PROCESSING:
PARTS VERSUS WHOLES
The studies on the face recognition abilities of infants suggest a general regressive
developmental trajectory in face perception induced by asymmetrical face-race
experience. However, these studies were unable to demonstrate whether the face
perception abilities that are believed to support face recognition performance are also
affected by the face-race experiential asymmetry. To answer this question, recent studies
have focused on the types of face processing available to infants to further probe the
influence of asymmetrical face-race experiences on the development of face perception.
Holistic processing, which has been regarded by some as a hallmark of mature face
processing, refers to the tendency to integrate facial information into a face “gestalt,”
rather than processing it in a piece-by-piece manner (e.g., McKone, 2004; Michel et al.,
2006; Moscovitch, Winocur, & Behrmann, 1997; Richler, Cheung, & Gauthier, 2011;
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Young, Hellawell, & Hay, 1987). The ability to process facial information in a holistic
manner emerges in infancy (e.g., Cohen & Cashon, 2001; Schwarzer, Zauner, &
Jovanovic, 2007). For example, using a “switch” paradigm, Cohen and Cashon (2001)
examined whether infants recognize faces based on face part information or an
integration of information from the face as a whole. A typical habituation procedure was
used, except that a “switched” face was used at test to examine the type of face
processing. A “switched” face was comprised of the internal features from one habituated
face and the external features of a second habituated face. If infants process faces by
individual parts, then they should respond to the “switched” face as the habituated face,
because it shared the same internal facial features as one of the habituated faces and the
external features of the other one. By contrast, if infants process faces as integrated
wholes, the “switched” face would be responded to as a new face, thereby leading to
looking time similar to that of a completely new face. The results showed that sevenmonth-old infants processed faces in an integrative manner by responding with
heightened looking time to the “switched” face. In line with this finding, more recent
studies have shown that holistic face processing emerges between six and ten months of
age (Cashon et al., 2013; Schwarzer et al., 2007).
To examine whether asymmetrical face-race experience actually contributes to the
emergence of holistic face processing ability, Ferguson et al. (2009) investigated the
development of holistic face processing in infants at four and eight months of age. They
found that four-month-olds exhibited holistic face processing for both own- and otherrace faces. By contrast, eight-month-olds only showed holistic face processing for ownrace faces, but not for other-race faces. This result is consistent with findings from the
adult literature showing that holistic face processing was only found in own-race faces,
but not in other-race faces (Crookes, Favelle, & Hayward, 2013; Michel, Corneille, &
Rossion, 2007; Michel et al., 2006; but see Mondloch et al., 2010). It suggests that the
asymmetrical face-race experience not only leads to an own-race advantage in face
discrimination performance, but also to an advanced face processing ability that is
specialized for own-race faces.

FACE SCANNING PATTERNS:
A COMPLEMENT TO LOOKING TIME STUDIES
In the last decade, a growing body of research has focused on face scanning patterns
in the first year of life. Tracking eye movements offers a unique window into the spatial
and temporal properties of face perception in infants. By comparing the face scanning
patterns for own- versus other-race faces, one may be able to ascertain how experience
shapes face perception in more detail. For example, Liu et al. (2011) presented videos of
a single Caucasian or Asian face to four- to nine-month-old Asian infants. The results
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revealed an age-related difference in how infants scanned the major facial features (i.e.,
eyes, nose, and mouth) of own- versus other-race faces. Specifically, the fixation time of
infants on the nose of the own-race Asian faces did not change with age. By contrast, the
looking time of infants on the nose of the other-race Caucasian faces decreased with age.
Race-related differences in face scanning patterns were also reported in Wheeler et al.
(2011), a study that investigated how six- to ten-month-old Caucasian infants scanned
own-race Caucasian faces and other-race African faces. The results showed that, with
increasing age, the infants spent more time fixating on the eyes and less time fixating the
mouth of own-race faces. By contrast, no age-related change in looking time was found
for the other-race faces.
In addition to the spatial properties of the face scanning patterns of infants, a recent
study examined the temporal properties of face scanning patterns of infants for own- and
other-race faces. Xiao et al. (2013) investigated the frequency of fixation shifts among
facial features, and found that Caucasian infants scanned between the two eyes of ownrace faces more frequently than between the two eyes of other-race faces. Moreover,
infants shifted their attention between eyes and mouth more frequently on the other-race
faces than on the own-race faces. These results suggest that infants are focusing on
different second-order relations when processing own- versus other-race faces. Together,
the findings of different face scanning patterns for own- and other-race faces suggest the
experience with own-race faces affects face processing in terms of how facial information
is encoded. However, it should be noted that own- and other-race faces differ not only in
the experience that infants have, but also in perceptual properties (e.g., skin color,
contrast, and spatial frequency). It may be then that experience and perceptual properties
together contribute to differences in face scanning patterns.
To examine whether the experience of face race actually contributes to the face
scanning patterns of infants independently of other confounding factors, a recent study
examined the scanning patterns of Caucasian and Asian faces between two groups of
Caucasian infants (Ellis, Xiao, Lee, & Oakes, in press): one lived in a racially
homogeneous community and the other lived in a racially diverse community. For the
infants from the racially homogeneous community, the faces they saw were almost
exclusively Caucasian faces. By contrast, the infants from the racially diverse community
were familiar with both Caucasian and Asian faces. Given that the face stimuli were
identical for the two groups of infants, any difference in scanning patterns should be
attributable to the difference in the experiences with different races. The researchers
found age-related changes between six and eight months of age in how infants visually
investigated own-race (Caucasian) and other-race (Asian) faces as a function of the
diversity of the face experience in their daily community. Specifically, in both
communities, the eye-movements of six-month-olds were similar for own- and other-race
faces. However, eight-month-olds from the two communities differed in their eye
movement patterns. In particular, the effects of face race were seen in the proportion of
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fixations to the eyes, nose, and mouth only in infants from the racially homogeneous
community. These findings thereby confirm that asymmetrical experience with face race
affects how infants encode facial information.
Several recent studies have explored the functional role of face scanning by
investigating the association between face scanning and face recognition. For example,
Xiao, Quinn, and colleagues (2015) reported that discrimination of own-race faces by sixand nine-month-old infants was associated with how frequently they shifted their
attention across facial features. In addition, Gaither, Pauker, and Johnson (2012) found an
association between face discrimination and face scanning patterns in Caucasian infants
at three months of age. No such association was found for other-race faces. In sum, these
findings demonstrate that asymmetrical visual experience with faces of different races
produces significant effects on the differential visual scanning of own- versus other-race
faces by infants.

BEYOND PERCEPTUAL DIFFERENCES:
DOWNSTREAM SOCIAL CONSEQUENCES
Would the asymmetrical face race experience lead to broader social consequences in
terms of how infants respond to and interact with own- versus other-race individuals? A
recent study suggests that infants at nine months of age form categories for faces from
different races based on whether a face is own-race or other-race (Quinn, Lee, Pascalis, &
Tanaka, 2016). Specifically, nine-month-old Caucasian infants classify own-race
Caucasian faces in one group and other-race Asian faces and other-race African faces in
another group. By contrast, six-month-old Caucasian infants form separate categories of
Caucasian, Asian, and African faces, suggesting a grouping based on perceptual
differences arising from facial physical characteristics. These outcomes suggest that
infants between six and nine months begin to sort faces based on whether they
correspond with the familiar “own-race” group or the unfamiliar “other-race” group.
Quinn et al. speculated that such categorical partitioning of faces by race might be a
precursor to the race-based in-group versus out-group dichotomization of faces in
children and adults (e.g., Baron & Banaji, 2006; Dunham, Newheiser, Hoosain, Merrill,
& Olson, 2014; Xiao, Fu, et al., 2015).
To provide an account of how perceptual and social processing could become related
in infants, Lee, Quinn, and colleagues have proposed a Perceptual-Social Linkage
hypothesis (Lee, Quinn, & Heyman, 2017; Lee, Quinn, & Pascalis, in press). This
hypothesis posits that early asymmetrical experience with own- versus other-race faces
has not only perceptual consequences regarding face preference and recognition, but also
social consequences in terms of racial bias. Given the lack of exposure to other-race
individuals and consequent perceptual narrowing, infants begin to perceive other-race
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members to be more homogenous than those within their own-race group (out-group
homogeneity; Linville, Fischer, & Salovey, 1989). The out-group homogeneity of other
race-faces leads to responding at a categorical rather than individual level (Quinn et al.,
2016). At the same time, due to asymmetrical exposure to own- versus other-race faces,
infants come to differentially associate positive or negative valence with such faces. This
occurs because infants generally experience own-race individuals who respond to them
positively (Kim & Johnson, 2014; Malatesta & Haviland, 1982; Trainor, Austin, &
Desjardins, 2000). Thus, through processes of generalization, infants come to respond
more positively to own-race individuals relative to other-race individuals. Moreover, lack
of experience with other-race individuals, and perceptual differences between the faces of
own and other-race individuals, when conjoined with the established tendency to be wary
of novel stimuli in general and strangers in particular (Bigelow, MacLean, Wood, &
Smith, 1990; Bronson, 1972; Campos, Emde, Gaensbauer, & Henderson, 1975) may lead
infants to respond more negatively to other-race individuals relative to own-race
individuals. The tendency to categorize faces by race and the tendency to associate
positive or negative valence with familiar versus unfamiliar stimulus categories may thus
work in conjunction to form a foundation from which racial bias emerges and develops.
The findings of a recent study (Xiao, Quinn, et al., 2017) provide evidence that is
consistent with the Perceptual-Social Linkage Hypothesis. Using an infant-friendly
implicit association task, researchers examined whether infants associate own-race faces
with positive emotional signals and other-race faces with negative emotional signals.
Three- to ten-month-old Asian infants saw a series of faces paired sequentially with a
series of musical excerpts. In the congruent own-race condition, own-race Asian faces
were paired with happy musical excerpts. In the congruent other-race condition, otherrace African faces were paired with sad musical excerpts. In the incongruent own-race
condition, own-race Asian faces were paired with sad music, and in the incongruent
other-race condition, other-race African faces were paired with happy music. Attention
time towards the faces was used to determine whether the congruent or incongruent
pairings were better able to maintain infant interest. According to the Perceptual-Social
Linkage Hypothesis, infants should show an age-related trend in which they come to pair
positive valence with the familiar own-race face category and negative valence with the
unfamiliar other-race face category. By this reasoning, older infants should begin to show
more sustained attention towards the congruent versus incongruent pairings because
cross-domain congruency promotes infant exploration, thereby leading to increased
attention (Bahrick & Lickliter, 2000; Grossmann, Striano, & Friederici, 2006; Kubicek et
al., 2014).
The results were in accord with these predictions. Infant looking time to the faces did
not differ between the congruent and incongruent conditions at three or six months.
However, nine-month-old infants showed increased looking to own-race faces paired
with happy music and to other-race faces paired with sad music. Thus, consistent with the
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Perceptual-Social Linkage Hypothesis, the findings indicate that with age infants
increasingly came to associate own-race faces with positive emotional signals and otherrace faces with negative emotional signals.
To seek convergent evidence for the conclusions of Xiao, Quinn, et al. (2017), a
further investigation by Xiao, Wu, et al. (2017) examined whether infants exhibited a bias
to learn from own-race individuals over other-race individuals. The reasoning was that if
infants have positive associations with own-race individuals and negative associations
with other-race individuals, then it may be more difficult for infants to learn from, and
effectively “trust,” other-race individuals relative to own-race individuals. In one
condition of the experiment, seven-month-old infants were presented with a situation of
uncertainty where they learned from either an own- or other-race adult whose gaze
predicted the occurrence of an event in a particular location (i.e., an animal’s appearance
in a location) with only 50% accuracy. During learning, infants were presented with 16
trials, half valid and half invalid, intermixed randomly. On each trial, the adult gazed at
one of the four corners of the computer screen, which was followed by the appearance of
an interesting animal. On valid trials, the animal appeared in the location predicted by the
adult’s gaze, and on invalid trials, the animal appeared in a non-gazed-at location. After
the learning phase, infants observed the same adult gaze at a box, but no animal appeared.
The goal was to assess whether infants would be more inclined to use the gaze of the
own-race adult relative to the other-race adult to anticipate the animal’s appearance. The
results showed that infants were indeed significantly more inclined to use the gaze of the
own-race adult than that of the other-race adult to anticipate the animal’s appearance.
Two control conditions revealed further that this effect was specific to a situation of
uncertainty. In particular, when the own- and other-race adults were 100% accurate in
predicting the location of the animal’s appearance, infants learned from both adults,
whereas when the own- and other-race adults were only 25% accurate (i.e., at chance) in
predicting the location of the animal’s appearance, infants did not learn from either adult.
The findings of the two studies indicate that infants have more positive associations
with own-race individuals and more readily learn from own-race individuals in uncertain
contexts. These differences in social responsiveness to own- versus other-race persons
seem to emerge during the developmental window where cross-race perceptual narrowing
takes place. Thus, the results from these studies are consistent with the Perceptual-Social
Linkage Hypothesis in showing the asymmetrical face-race experience affects not only
perceptual development, but also the development of more social responding in infants.

FUTURE DIRECTIONS
The recent studies of Xiao et al. (Xiao, Quinn, et al., 2017; Xiao, Wu, et al., 2017)
suggest that six- to ten-month-old infants are developing race-related social biases. The
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emergence of these social biases coincides with that of race-related perceptual biases,
which suggests a linkage between perceptual and social processing in infants. However,
the specific mechanism of this linkage has yet to be examined thoroughly. As described
above, one possible explanation is that the development of race-related social bias is
derived from positive experiences with own-race individuals, which coexists with the
development of race-related perceptual bias. This account would suggest that positive
experience with own-race individuals, instead of or in addition to perceptual bias itself,
causes the emergence of early social bias. Alternatively, the race-related social bias may
be a direct reflection of asymmetrical experience with face race, and independent of
positive interactions with own-race individuals. In the latter view, the construct of
processing fluency or the subjective easiness in information processing (Alter &
Oppenheimer, 2009) may play an important role. This is because prior studies have
shown that processing fluency induces positive experience, inclusive of liking (e.g.,
Reber et al., 1998; Winkielman & Cacioppo, 2001). Applying this idea to infants,
increased experience with own-race faces may bring about increased processing fluency,
thereby inducing positive experience with such faces. By the same reasoning, lack of
experience with other-race faces may be associated with decreased fluency and less
positive experience with such faces. Thus, future studies can further explore the
Perceptual-Social Linkage Hypothesis by examining these possible mechanisms.

CONCLUSION
In conclusion, convergent evidence suggests a critical role for asymmetric experience
in the early development of perceptual and social processing of faces. Initial exposure to
own-race individuals in the first three months gives rise to a visual preference for ownrace faces. Further accumulating experience with own-race faces beyond three months
contributes to a developing visual system that becomes specialized to recognize own-race
faces. Moreover, the development of face perception seems to accompany the emergence
of social bias, whereby infants gradually associate own- and other-race faces with
positive and negative emotional signals respectively, and exhibit a bias to be more
inclined to learn from individuals from their own-race background in ambiguous
conditions. These empirical findings provide a unique perspective toward understanding
the role of experience in the development of perceptual and social processing of faces in
infancy.
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ABSTRACT
The psychological literature reports a variety of cross-cultural differences in
cognition, but most of these are based on comparisons of Western and Asian observers.
Here, we discuss quantitative and qualitative cross-cultural differences in face processing
between Western (British) and Middle-Eastern (Egyptian) observers. First, the perceptual
basis of the well-established other-race effect in face processing is reviewed. Second, we
discuss a qualitative cross-cultural difference in the relative importance of internal and
external features for the matching of unfamiliar faces, which appears to reflect the longterm experience of Middle-Eastern observers in perceiving faces with headscarves. Third,
we discuss how cultural differences in reading direction affect the well-established left
visual field bias in face processing. We conclude that cultural differences between
Western and Middle-Eastern observers, such as those reflecting headdress traditions and
reading direction, influence the perception of faces.
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INTRODUCTION
A variety of cognitive processes, such as categorization, reasoning, and long-term
memory, are universal primitives that are present across different cultures (for reviews,
see Ji & Yap, 2016; Nisbett & Norenzayan, 2002). However, cultural differences can
shape cognitive processes in a number of ways. For example, it is possible that (i) a
primitive cognitive process may be equally available in principle in different cultures but
not accessed equally, or (ii) that people may differ in terms of their qualitatively usage of
a cognitive process across cultures to solve the same problem, or (iii) that cultural
differences arise through the invention of more complex cognitive structures from
universal primitives (Nisbett & Norenzayan, 2002). In this framework, cognitive
processes and cultural practices constitute one another. There is now a variety of
evidence for this mutual interdependence of culture and cognition, to the extent that the
brain has been described as a “cultural sponge” and the “organ of culture” (Ambady &
Bharucha, 2009).
Remarkably, however, the vast majority of studies examining the influences of
culture on cognition have only compared Western and East Asian participants (for
reviews, see Ambady & Bharucha, 2009; Ji & Yap, 2016; Nisbett & Norenzayan, 2002).
Consequently, some scholars have highlighted the importance of covering other cultures
in order to fully understand the relationship between culture and cognition (Ji & Yap,
2016). In this chapter, we provide a review of a culture that has received limited attention
in this context, by comparing Western with Arabic-speaking Middle-Eastern people. Our
review focuses on a specific domain of cognition, by examining the quantitative and
qualitative nature of three well-established face perception effects with Egyptian and
British participants.

THE OTHER-RACE EFFECT
It has long been known that people recognize faces of their own race better than those
of other races (e.g., Cross, Cross, & Daly, 1971; Malpass & Kravitz, 1969; Shepherd,
Deregowski, & Ellis, 1974). This so-called other-race effect is highly robust and has been
replicated repeatedly in the face recognition and eyewitness identification literature. For
example, in a meta-analysis of 39 studies and 5,000 observers, Meissner and Brigham
(2001) found that people are more than twice as likely (2.23) to recognize own-race than
other-race faces. One of the most compelling explanations of the other-race effect is
based on differential exposure to own- and other-race faces (Sporer, 2001), as long living
with other-race populations diminishes the effect (Chiroro & Valentine, 1995; Wright,
Boyd, & Tredoux, 2003; but see Ng & Lindsay, 1994, for a different pattern of results).
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An important question concerns the cognitive locus of this effect. A very large
literature has explored the other-race effect with recognition memory paradigms. In these
tasks, observers are exposed to unfamiliar faces, which then have to be recognized at a
later test phase (see, e.g., O’Toole, Deffenbacher, Valentin, & Abdi, 1994; Rhodes,
Hayward, & Winkler, 2006). A limitation of these paradigms, however, is that it can be
difficult to determine whether the other-race effect arises due to differences in which
same- and other-race faces are initially perceived (see Levin, 1996; Sporer, 2001) or
differences in the subsequent storage of these faces in memory (Valentine, 1991).
However, a number of studies have also investigated whether facial information is
processed differently in same- and other-race faces, which provides insight into the
cognitive basis for this effect.
One methodology that has been employed to investigate which visual information
underlies the other-race effect is the upside-down rotation of faces. Such stimulus
inversion reduces accuracy in face recognition tasks (Rhodes, Brake, & Atkinson, 1993;
Searcy & Bartlett, 1996; Tanaka & Farah, 1993). A possible explanation for this is that
faces are processed as holistic templates, which require little decomposition into their
constituent parts, such as individual facial features (see, Farah, Tanaka, & Drain, 1995;
Farah, Wilson, Drain, & Tanaka, 1998). As faces are typically seen in an upright
orientation, the inversion effect arises from an orientation mismatch between internal
representations of holistic face templates and a seen stimulus (see, e.g., Schwaninger &
Mast, 2005). Notably, when the recognition of upright and inverted faces is compared for
different face races, this consistently reveals larger inversion effects for own- than otherrace stimuli in adults (e.g., Rhodes, Brake, & Taylor, 1989) and children (Sangrigoli & de
Schonen, 2004). These differences in sensitivity to stimulus inversion suggest a
perceptual locus for the other-race effect, whereby the processing of own-race faces
utilizes holistic information to a greater extent.
Other methods provide converging evidence for this finding. In the wholes-versusparts paradigm, for example, observers first learn full-face images (Tanaka & Sengco,
1997). They then have to select the learned target from a pair of whole faces that differ by
one internal feature or from a pair of isolated feature parts (e.g., the eyes). In this
paradigm, Caucasian observers recognize Caucasian targets better from whole faces than
isolated parts, whereas recognition accuracy from wholes and parts is comparable for
Asian faces (Tanaka, Kiefer, & Bukach, 2004; Michel, Caldara, & Rossion, 2006). These
studies therefore converge to suggest that the other-race effect might reflect differences in
the holistic processing of faces. In turn, the manipulation of visual content of faces in
these paradigms hints at a perceptual basis for the other-race effect. However, in studies
such as these the other-race effect was still assessed by measuring recognition memory.
Consequently, the possibility exists also that same and other-race faces are encoded
similarly, but differences exist in the manner in which facial information for different
races is stored.
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More direct evidence for a perceptual basis of the other-race effect comes from
matching tasks in which memory factors are minimized. One demonstration of this is a
matching task that was designed to investigate the composite face effect. This effect
refers to a difficulty of recognizing the top half of a familiar face when it is closely
aligned with the bottom half of a different face, as compared to when both face halves are
misaligned (Young, Hellawell, & Hay, 1987). The composite face effect is attributed to a
tendency to perceive the aligned face halves as an integrated holistic percept, which
supersedes processing of individual features (e.g., see Maurer, Le Grand, & Mondloch,
2002).
To explore the other-race effect with a composite face paradigm, Michel, Rossion,
Han, Chung, and Caldara (2006) asked observers to decide whether the top halves of two
side-by-side faces were of the same person or of different people. In this paradigm,
Caucasian observers exhibited the typical composite face effect, such that matching was
impaired when the face halves were aligned. Considering this effect was based on visual
comparison alone, without the additional requirement to remember the face stimuli for a
subsequent recognition test, this finding indicates that the other-race effect might occur
during perceptual encoding.
It is notable, however, that this task required the detection of visually identical faces,
as the same images were employed in the to-be-compared face halves in each pair. Faces
vary in appearance as a result of changes in facial expression, head tilt and rotation,
lighting conditions, and so forth. As a consequence, the same person’s face will not give
rise to an identical image on different occasions. In turn, repetitions of the same image
inevitably provide limited insight into the process of face identification (see Jenkins &
Burton, 2011). For this reason, composite paradigms that are based on such repetitions
still cannot address convincingly whether the other-race effect arises at a face encoding
stage.

THE OTHER-RACE EFFECT IN FACIAL IDENTITY MATCHING:
A COMPARISON OF EGYPTIAN AND BRITISH PARTICIPANTS
To explore the perceptual basis of the other-race effect directly, Megreya, White, and
Burton (2011) examined the ability of British Caucasian and Egyptian Arab observers to
perceptually match the identity of British and Egyptian faces in a 1-in-10 identification
task. For this purpose, observers had to decide whether a target face was present in a
concurrent ten-face lineup, and if so, indicate which face it is. Crucially, different images
were provided for the target and its counterpart in the lineup to ensure that the task did
not reflect matching of the same face image. However, to optimize conditions for
identification, all face images were recorded in a similar full-face pose and on the same
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day to eliminate transient differences in, for example, hair style, weight, and health (for
an illustration, see Figure 1).
Despite these optimal conditions, correct identifications on own-race face trials were
low, at 68% and 73% for British and Egyptian observers (see Figure 2). Importantly,
however, both groups of observers exhibited even lower identification accuracy for otherrace faces, at 64% and 63%, respectively. These results replicate the other-race effect that
has been observed consistently in the face recognition literature, but with a task that
minimizes memory demands. Consequently, Megreya et al. (2011) suggested that a
difficulty in the perceptual encoding of faces contributes substantially to the other-race
effect and that memory-based accounts of this phenomenon cannot capture the full data.
Megreya et al. (2011) also examined performance with inverted faces in the 1-in-10
identification task. Inversion effects, which were characterized by impaired identification
performance in comparison with the upright face conditions, were greater for own- than
other-race faces, at 32% and 15% for British participants and 38% and 23% for Egyptian
participants. This replicates the pattern of results that is found in recognition memory
experiments (Rhodes et al., 1989; Sangrigoli & de Schonen, 2004) and suggest that the
identification of own-race faces might engage holistic processing more than other-race
faces (Hancock & Rhodes, 2008; Michel, Caldara, et al., 2006; Rhodes et al., 2006;
Tanaka et al., 2004).

Figure 1. Example stimuli of the 1-in-10 face-matching task for British (top) and Egyptian
faces (bottom).
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Figure 2. Matching accuracy for Egyptian and British observers in Megreya et al. (2011).

In addition, Megreya et al. (2011) also obtained some evidence that the other-race
effect is subject to qualitative cross-cultural differences. In British participants, for
example, this effect was expressed as a problem of cross-identity differentiation.
Accordingly, these observers were equally likely to correctly identify Egyptian and
British target faces. However, when targets were absent from a lineup, British observers
were more likely to falsely identify Egyptian than British faces as a target. By contrast,
Egyptian observers appeared to exhibit a problem of within-identity differentiation, by
recording a similar percentage of false identifications for Egyptian and British faces, but
by displaying comparatively higher accuracy in the identification of Egyptian targets.
These cross-cultural differences might reflect the application of different response
criteria. British participants might adopt a less stringent criterion for matching other-race
than own-race faces, which leads to a greater number of false identifications for Egyptian
faces. Conversely, Egyptian observers might adopt a more stringent criterion in the
identification of other- than own-race faces, which reduces the number of correct person
identifications.

THE RELATIVE IMPORTANCE OF INTERNAL
AND EXTERNAL FEATURES
Megreya et al.’s (2011) face-matching study with Western and Middle-Eastern
participants provides evidence that the other-race effect reflects a difficulty in the
perceptual encoding of unfamiliar faces. However, there is an additional aspect to the
comparison of Western and Middle-Eastern observers that is interesting in the study of
cultural differences. In Middle-Eastern countries, such as Egypt, the majority of women
typically cover external facial features, such as the hair, ears and face outline, with
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headscarves. To Middle-Eastern observers, these headscarves can signal femininity and
influence face categorization by gender (Megreya, 2015). However, headscarves also
influence the information that is available for person identification. Most studies on the
other-race effect have been conducted in societies where people typically have external
features and the internal facial features, such as the eyes, nose and mouth, on display.
Middle-Eastern societies in which headscarves are typically worn can therefore provide
an interesting context to study whether the face perception system adapts to the available
visual information, by enhancing identification of internal in comparison to external
facial features.
In a series of five experiments, Megreya and Bindemann (2009) examined this
possibility with a matching task in which either the internal or external facial features
were presented. In Experiment 1, Egyptian observers were asked to match images of a
whole face to another whole face, or to an image in which only the internal or external
facial features were preserved (see Figure 3). The experiment revealed that male and
female faces were matched more accurately from internal than external features. In
addition, whole faces were matched more accurately than external features, whilst
matching performance was comparable for whole faces and internal features. This
indicates that unfamiliar face identification relies most on the internal features in this
population. Crucially, however, the stimuli for this experiment included female faces
with headscarves, which might have induced a strategy that places greater emphasis on
internal facial features.

Figure 3. Female and male example stimuli from Experiment 1 in Megreya and Bindemann (2009).
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Figure 4. Match accuracy for Egyptian and British observers in Experiment 4 in Megreya
and Bindemann (2009).

In two further experiments, Megreya and Bindemann (2009) therefore employed a
more focused matching task, in which each stimulus pair consisted of images of internal
or external facial features only. Crucially, female faces were excluded from this task to
eliminate the potential influence that headscarves might have exerted on observers’ face
matching strategies in Experiment 1. Both experiments replicated the internal-feature
advantage of Experiment 1, thus indicating that this effect could not be attributed simply
to stimulus characteristics.
These findings raise two questions. Firstly, the question arises of whether the internal
feature advantage that is displayed by Egyptian observers is present only for same-race or
also for other-race faces. Secondly, previous studies with Caucasian participants have
shown consistently that faces are matched and recognized more accurately from external
features (Bonner, Burton, & Bruce, 2003; Bruce et al., 1999; Frowd et al., 2007; Nachson
& Shechory, 2002; Want, Pascalis, Coleman, & Blades, 2003). The pattern of Megreya
and Bindemann’s (2009) first three experiments, on the other hand, suggested that
Egyptian observers might rely particularly on internal features during face matching. To
investigate this difference directly, Egyptian and British participants were compared in a
follow-up experiment. This showed that Egyptian observers matched both Egyptian and
British faces more accurately from internal than from external features. In contrast,
British observers matched both types of faces more accurately from the external features
(see Figure 4).
This experiment is important for unifying previous reports of an external face
advantage in Caucasian observers with the internal face advantage in Egyptian observers.
The experiment demonstrates clearly that this phenomenon cannot be explained by
differences in the characteristics of Caucasian and Egyptian stimulus sets, as the internal
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advantage in Egyptian observers and the external advantage of British observers were
both found with same- and other-race faces. These results therefore point to a qualitative
cultural difference in the perceptual identification of unfamiliar faces.
Such a cultural difference should emerge during development, as the ability to
identify faces improves during childhood, adolescence and into adulthood (see, e.g.,
Germine, Duchaine, & Nakayama, 2011; Megreya & Bindemann, 2015). To investigate
this, Megreya and Bindemann (2009) conducted a fifth experiment, which compared the
ability of 7-year-old Egyptian children and adults to match internal and external facial
features. This experiment replicated the internal face advantage in Egyptian adults. By
contrast, Egyptian children behaved more similarly to Caucasian adults (Bonner et al.,
2003; Bruce et al., 1999; Frowd et al., 2007; Nachson & Shechory, 2002; Want et al.,
2003) and children (Bonner & Burton, 2004; Newcombe & Lie, 1995; Want et al., 2003),
by demonstrating an external feature advantage. These findings therefore suggest that the
internal-face advantage of Egyptian observers is a cultural effect that is acquired during
development.
Speculatively, Megreya and Bindemann (2009) attributed this cross-cultural
difference in unfamiliar face identification to the extensive long-term experience of
Egyptian adults at recognizing female faces with headscarves, which are commonly worn
in Arab countries by the majority of women and completely cover external facial
features. To offset this loss of information, Egyptian observers might pay closer attention
to internal facial features. With sufficient experience, this may enable Egyptians to
extract more information from the internal features of faces, thereby giving rise to an
internal matching advantage over British participants. In turn, this effect might be absent
in children as young girls in Egyptian society do not have to wear headscarves and,
assuming that children spend more time around other children than adults, might
therefore have less extensive visual experience of faces with headscarves.
In a subsequent study, Megreya, Memon and Havard (2012) provided a further test
for this cultural explanation. Using an eyewitness identification paradigm, they presented
Egyptian and British observers with video clips of a staged crime, in which female actors
from Egypt or the UK were observed either whilst wearing headscarves or with their
external features, such as hair, uncovered. At a subsequent recognition stage, all
observers were then asked to identify their own-nationality target from a target-present or
a target-absent identity line-up, which either consisted of ten faces with or without
headscarves. In this paradigm, Egyptian observers showed an identification advantage for
targets with headscarves, whereas British observers showed an advantage for targets in
which the external features were visible. Moreover, in a second experiment, which was
conducted with Egyptian observers only, the headscarf advantage was observed for both
Egyptian and British faces. This replication of Megreya and Bindemann’s (2009)
findings, but with a task that showed both Egyptian and British faces with and without
headscarves, indicates that the headscarf effect is not a phenomenon that reflects the
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nationality of the face stimuli. Instead, these findings demonstrate that this effect is a
consequence of participant nationality.
Megreya, Memon, et al.’s (2012) study also provides some insight into the locus of
the headscarf effect, by comparing exposure to faces with or without a headscarf in the
initial video (the encoding phase) and during the subsequent lineup identification (the
recognition phase). This data showed that Egyptian observers performed more accurately
when faces were initially seen with headscarves than with external features. By contrast,
the presence of headscarves did not affect identification accuracy at the recognition
phase. Considering that women in Egyptian society are typically seen with headscarves,
one possibility to explain these findings is that hair is a distracting influence that diverts
attention from other visual cues during face learning (see, e.g., Sinha & Poggio, 1996).
Alternatively, the visible hair of female faces might increase cognitive load during face
learning, which might reduce the available resources for internal feature encoding.
Subsequent research has provided further evidence for a cultural basis of the
headscarf effect, and also replicated this phenomenon with different tasks and paradigms.
Toseeb, Bryant, and Keeble (2014) showed, for example, that a headscarf effect is not
observed with British Caucasian or South Asian observers living in the UK. Considering
that the UK population is mostly Caucasian, this supports the notion that long-term
experience of cultures in which headscarves are predominantly worn is required to elicit
this effect. In turn, a comparison of people in the United Arab Emirates and the United
States of America replicated the internal processing advantage of Middle-Eastern
observers and the external feature advantage of Western observers (Wang, Thomas,
Weissgerber, Kazemini, Ul-Haq, & Quadflieg, 2015). This study also employed a
condition in which recognition of a learned face was tested with isolated internal features,
comprising the eyes, nose or mouth regions only. The inclusion of these whole-to-part
recognition conditions revealed that the internal feature advantage in Middle-Eastern
observers reflects a specific proficiency in processing the mouth and nose regions.
In summary, the other-race effect demonstrates that face recognition ability is a
product of exposure, whereby observers are more accurate at recognizing faces of the
races that dominate their visual experience (Rossion & Michel, 2011). The comparison of
Middle-Eastern and Western observers indicates that culture shapes these effects further,
whereby the long-term experience of people wearing headscarves produces a processing
advantage for the internal information that is not occluded by these garments. It is
remarkable that this advantage is found despite the fact that any cross-cultural differences
in the experience of internal features must be relative: Western observers also have
extensive experience in processing internal facial features, direct the majority of eye
movements at these features (see, e.g., Althoff & Cohen, 1999; Bindemann, Scheepers, &
Burton, 2009; Henderson, Williams, & Falk, 2005; Özbek & Bindemann, 2011), and
utilize these features predominantly for the identification of familiar faces (Bonner et al.,
2003; Campbell et al., 1999; Clutterbuck & Johnston, 2002; Ellis, Shepherd, & Davies,
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1979; Young, Hay, McWeeny, Flude, & Ellis, 1985). In turn, children and men in
Middle-Eastern societies are not bound by cultural norms and traditions to wear
headscarves to the same extent as women. Thus, Middle-Eastern observers also have
extensive experience of faces in which the external features are on display. In this
context, the cultural headscarf phenomenon remains an intriguing effect.

THE LEFT-FACE PROCESSING BIAS
In 1933, Werner Wolff observed that the right side of a person’s face, which is
presented in the left visual field when faces are fixated centrally, appears to be more
similar to the whole face than its left side, in the right visual field. This left perceptual
bias has been reported repeatedly since in the face recognition literature with a range of
paradigms and methodologies. In the chimeric face paradigm, for example, participants
are presented with two face halves that are aligned along the vertical midline but display
different information. Under these conditions, a perceptual bias for the face half in the
left visual field is found when participants make judgements concerning identity
(Coolican, Eskes, McMullen, & Lecky, 2008; Gilbert & Bakan, 1973), emotion (Bourne,
2008; Coolican et al., 2008), gender (Butler et al., 2005; Butler & Harvey, 2008), age
(Burt & Perrett, 1997), and attractiveness (Burt & Perrett, 1997). This perceptual bias is
also observed with eye movement measures, whereby facial information in the left visual
field is more likely to be fixated first (Butler et al., 2005; Leonards & Scott-Samuel,
2005; Phillips & David, 1997), more frequently (Barton, Radcliffe, Cherkasova,
Edelman, & Intriligator, 2006; Butler & Harvey, 2005), and is also viewed for longer
(Butler et al., 2005; Mertens, Siegmund, & Grusser, 1993).
The left perceptual bias is also observed in tasks that require the identification of
unfamiliar faces. In an illustration of this effect, Megreya and Burton (2006) amended the
1-in-10 face-matching task (see Figure 1) to 2-in-10 displays. In these displays,
participants were asked to match one of two targets, which were presented either side of
screen centre, to a concurrent ten-face lineup (see Figure 5). Under these conditions,
British observers identified more of the targets that were presented in the left visual field
than those on the right.
A subsequent eye-tracking study by Megreya, Bindemann, Havard and Burton (2012)
demonstrated that this might reflect a left-to-right visual scanning strategy. In the first
experiment of this study, observers’ eye movements were recorded whilst making
identity match or mismatch decisions to pairs of side-by side faces. In this task, observers
demonstrated a strong bias to first fixate the face in the left visual field. This bias was
qualified further by the proximity of these faces, so that 80% of first fixations were
directed to the left visual field when the side-by-side faces were presented close together,
but this increased to 85% when these were shown further apart. In a second experiment,
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observers’ eye movements were examined while they attempted to identify a target from
a concurrent five-face lineup. This revealed a similar scanning strategy, with participants
initially viewing faces on the left side and the middle of lineup displays, whereas faces on
the right were neglected. This left-to-right bias was not affected by whether targets were
present or absent in lineups, suggesting a viewing strategy that is not driven by external
factors, such as stimulus characteristics.

Figure 5. An example of a 2-in-10 face-matching display from Megreya and Burton (2006).

THE LEFT-FACE PROCESSING BIAS IN EGYPTIAN
AND BRITISH PARTICIPANTS
The left perceptual bias has been explained by a right-hemisphere dominance for face
processing, which facilitates the recognition of faces in the left visual field (see, e.g.,
Bourne, 2008; Butler & Harvey, 2008; Coolican et al., 2008; Sergent & Bindra, 1981;
Yovel, Tambini, & Brandman, 2008). However, these conclusions are based on studies of
participants from Western countries, who were readers of left-to-right scripts (e.g.,
English). Left-to-right reading could also give rise – explicitly or implicitly – to a
scanning strategy of looking at the left visual field prior to looking at the right, resulting
in a left perceptual bias (Abed, 1991; Kim, Anderson, & Heilman, 1997). As a
consequence, the question arises of whether the left perceptual bias for face processing
only arises from right-hemisphere dominance, or whether it could also reflect the
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interplay of directional scanning biases, such as those acquired through reading, and
cerebral lateralization.
To address this question, a number of studies have examined how scanning habits
developed through reading direction affect the left perceptual bias for face processing
using the chimeric face paradigm. These studies show that readers of languages that
require left-to-right scanning, such as Hindi, English and French exhibit a bias to base
their judgements on the face half in the left visual field (see Heath, Rouhanna, &
Ghanem, 2005; Sakhuja, Gupta, Singh, & Vaid, 1996; Vaid & Singh, 1989). By contrast,
readers of right-to-left languages, such as Urdu, Arabic or Hebrew, either show no
specific bias for a face side or a right visual field bias (Eviatar, 1997; Heath et al., 2005;
Sakhuja et al., 1996; Vaid & Singh, 1989; but see also Gilbert & Bakan, 1973). This
indicates that cerebral laterality and directional scanning interact to reduce the left
perceptual bias in face processing in readers of right-to-left scripts.
More recently, Megreya and Havard (2011) examined the effect of reading direction
on face processing with a task that required the differentiation of unfamiliar identities. In
this task, native English readers from the UK and native Arab readers from Egypt were
asked which one of two targets, positioned either side of the centre of the visual field,
was present in a concurrent ten-face identity lineup. British left-to-right readers identified
target faces from the left visual field more accurately in the identity lineup than targets
presented from the right. Egyptian right-to-left readers also showed an advantage for
target faces presented on the left. However, the magnitude of this left perceptual bias was
much reduced among Egyptian readers compared to British readers. Moreover, Egyptian
readers were much more accurate than British readers in identifying targets on the right.
These results therefore converge with previous studies to demonstrate that cultural
differences reflecting reading-direction habits interact with the right-hemisphere
dominance for face processing, and extend these findings to tasks that require unfamiliar
face identification.

CONCLUSION
The vast majority of studies examining cultural differences in face processing have
compared Western and East Asian participants. By contrast, this chapter provides an
overview of cross-cultural differences between Western and Middle-Eastern people. This
research reveals that the other-race effect in face processing cannot be attributed purely to
memory-based accounts, as this phenomenon persists with identity-matching tasks in
which memory factors are minimized. The comparison of Middle-Eastern and Western
observers demonstrates further that culture shapes face identification, whereby the longterm experience of female faces with Arab headscarves produces a processing advantage
for facial information carried by internal features, such as the nose and mouth. In
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addition, Arab observers also show a reduced processing advantage for faces in the left
visual field compared to Western observers. These effects are likely to reflect scanning
habits that arise from differences in reading direction between these cultures.

REFERENCES
Abed, F. (1991). Cultural influences on visual scanning patterns. Journal of Cross
Cultural Psychology, 22, 525-534.
Althoff, R. R., & Cohen, N. J. (1999). Eye-movement-based memory effect: A
reprocessing effect in face perception. Journal of Experimental Psychology:
Learning, Memory, and Cognition, 25, 997-1010.
Ambady, N., & Bharucha, J. (2009). Culture and the Brain. Current Directions in
Psychological Science, 18, 342-345.
Barton, J. J., Radcliffe, N., Cherkasova, M. V., Edelman, J., & Intriligator, J. M. (2006).
Information processing during face recognition: The effects of familiarity, inversion,
and morphing on scanning fixations. Perception, 35, 1089-1105.
Bindemann, M., Scheepers, C., & Burton, A. (2009). Viewpoint and center of gravity
affect eye movements to human faces. Journal of Vision, 9, 1-16.
Bonner, L., & Burton, A. M. (2004). 7–11-year-old children show an advantage for
matching and recognising the internal features of familiar faces: Evidence against a
developmental shift. Quarterly Journal of Experimental Psychology, 57A, 10191029.
Bonner, L., Burton, A. M., & Bruce, V. (2003). Getting to know you: How we learn new
faces. Visual Cognition, 10, 527-536.
Bourne, V. J. (2008) Chimeric faces, visual field bias, reaction time bias: Have we been
missing a trick? Laterality, 13, 92-103.
Bruce, V., Henderson, Z., Greenwood, K., Hancock, P. J. B., Burton, A. M., & Miller, P.
(1999). Verification of face identities from images captured on video. Journal of
Experimental Psychology: Applied, 5, 339–360.
Burt, D. M., & Perrett, D. I. (1997). Perceptual asymmetries in judgements of facial
attractiveness, age, gender, speech and expression. Neuropsychologia, 35, 685-693.
Butler, S. H., & Harvey, M. (2005). Does inversion abolish the left chimeric face
processing advantage? Neuroreport, 16, 1991-1993.
Butler, S. H., & Harvey, M. (2008) Effects of aging and exposure duration on perceptual
biases in chimeric face processing. Cortex, 6, 665-672.
Butler, S., Gilchrist, I. D., Burt, D. M., Perrett, D. I., Jones, E., & Harvey, M. (2005). Are
the perceptual biases found in chimeric face processing reflected in eye-movement
patterns? Neuropsychologia, 43, 52-59.
Campbell, R. Coleman, M., Walker, J., Benson, P. J., Wallace, S., Michelotti, J., &
Baron-Cohen, S. (1999). When does the inner-face advantage in familiar face
recognition arise and why? Visual Cognition, 6, 197-216.

Complimentary Contributor Copy

Culture Shapes Face Perception

301

Chiroro, P., & Valentine, T. (1995). An investigation of the contact hypothesis of the
own-race bias in face recognition. Quarterly Journal of Experimental Psychology,
48A, 879-894.
Clutterbuck, R., & Johnston, R. A. (2002). Exploring levels of face familiarity by using
an indirect face-matching measure. Perception, 31, 985-994.
Coolican, J., Eskes, G. A., McMullen, P. A., & Lecky, E. (2008). Perceptual biases in
processing facial identity and emotion. Brain & Cognition, 66, 176-187.
Cross, J. F., Cross, J., & Daly, J. (1971). Sex, race, and beauty as factors in recognition of
faces. Perception & Psychophysics, 10, 393-396.
Ellis, H. D., Shepherd, J. W., & Davies, G. M. (1979). Identification of familiar and
unfamiliar faces from internal and external features: Some implications for theories
of face recognition. Perception, 8, 431-439.
Eviatar, Z. (1997). Language experience and right hemisphere tasks: The effects of
scanning habits and multilingualism. Brain & Language, 48, 157-173.
Farah, M. J., Tanaka, J. N., & Drain, M. (1995). What causes the face inversion effect?
Journal of Experimental Psychology: Human Perception and Performance, 21, 628634.
Farah, M. J., Wilson, K. D., Drain, M., & Tanaka, J. N. (1998). What is “special” about
face perception? Psychological Review, 105, 482-498.
Frowd, C., Bruce, V., McIntyre, A., & Hancock, P. (2007). The relative importance of
external and internal features of facial composites. British Journal of Psychology, 98,
61-77.
Germine, L. T., Duchaine, B., & Nakayama, K. (2011). Where cognitive development
and aging meet: Face learning ability peaks after age 30. Cognition, 118, 201–210.
Gilbert, C., & Bakan, P. (1973). Visual asymmetry in perception of faces.
Neuropsychologia, 11, 355-362.
Hancock, K. J., & Rhodes, G. (2008). Contact, configural coding and the other-race
effect in face recognition. British Journal of Psychology, 99, 45–56.
Heath, R. L., Rouhana, A., & Ghanem, D. A. (2005). Asymmetric bias in perception of
facial affect among Roman and Arabic script readers. Laterality, 10, 51-64.
Henderson, J. M., Williams, C. C., & Falk, R. J. (2005). Eye movements are functional
during face learning. Memory & Cognition, 33, 98-106.
Jenkins, R., & Burton, A. M. (2011). Stable face representations. Philosophical
Transactions of the Royal Society B, 366, 1671-1683.
Ji, L. J., & Yap, S. (2016). Culture and cognition. Current Opinion in Psychology, 8,
105–111.
Kim, M., Anderson, J. M., & Heilman, K. M. (1997). Search patterns using the line
bisection task for neglect. Neurology, 48, 936-940.
Leonards, U., & Scott-Samuel, N. E. (2005). Idiosyncratic initiation of saccadic face
exploration in humans. Vision Research, 45, 2677-2684.
Levin, D. T. (1996). Classifying faces by race: The structure of face categories. Journal
of Experimental Psychology: Learning, Memory & Cognition, 22, 1364–1382.
Malpass, R. S., & Kravitz, J. (1969). Recognition of faces of own and other race. Journal
of Personality & Social Psychology, 13, 330-334.

Complimentary Contributor Copy

302

Ahmed M. Megreya and Markus Bindemann

Maurer, D., Le Grand, R., & Mondloch, C. L. (2002). The many faces of configural
processing. Trends in Cognitive Sciences, 6, 255-260.
Megreya, A. M. (2015). The effects of a culturally gender-specifying peripheral cue
(headscarf) on the categorization of faces by gender. Acta Psychologica, 158, 19-25.
Megreya, A. M., & Bindemann, M. (2009). Revisiting the processing of internal and
external features of unfamiliar faces: The headscarf effect. Perception, 38, 18311848.
Megreya, A. M., & Bindemann, M. (2015). Developmental improvement and age-related
decline in unfamiliar face matching. Perception, 44, 2-44.
Megreya, A. M., & Burton, A. M. (2006). Recognising faces seen alone or with others:
When two heads are worse than one. Applied Cognitive Psychology, 20, 957-972.
Megreya, A. M., & Havard, C. (2011). Left face matching bias: Right hemisphere
dominance or scanning habits? Laterality: Asymmetries of Body, Brain & Cognition,
16, 75-92.
Megreya, A. M., Bindemann, M., Havard, C., & Burton, A. M. (2012). Identity-lineup
location influences target selection: Evidence from eye movements. Journal of Police
& Criminal Psychology, 27, 167-178.
Megreya, A. M., Memon, A., & Havard, C. (2012). The headscarf effect: Direct evidence
from eyewitness identification paradigm. Applied Cognitive Psychology, 26, 308315.
Megreya, A. M., White, D., & Burton, A. M (2011). The other race effect does not rely
on memory: Evidence from a matching task. Quarterly Journal of Experimental
Psychology, 64, 1473–1483.
Meissner, C. A., & Brigham, J. C. (2001). Thirty years of investigating the own-race bias
in memory for faces: A meta-analytic review. Psychology, Public Policy, & Law, 7,
3-35.
Mertens, I., Siegmund, H., & Grusser, O. J. (1993). Gaze motor asymmetries in the
perception of faces during a memory task. Neuropsychologia, 31, 989-998.
Michel, C., Caldara, R., & Rossion, B. (2006). Same-race faces are perceived more
holistically than other-race faces. Visual Cognition, 14, 55-73.
Michel, C., Rossion, B., Han, J., Chung, C., & Caldera, R. (2006). Holistic processing is
finely tuned for faces of one's own race. Psychological Science, 17, 608-615.
Nachson, I., & Shechory, M. (2002). Effect of inversion on the recognition of external
and internal facial features. Acta Psychologica, 109, 227-238.
Newcombe, N., & Lie, E. (1995). Overt and covert recognition of faces in children and
adults. Psychological Science, 6, 241-245.
Ng, W. J., & Lindsay, R. C. L. (1994). Cross-race facial recognition: Failure of the
contact hypothesis. Journal of Cross-Cultural Psychology, 25, 217-232.
Nisbett, R. E., & Norenzayan, A. (2002). Culture and cognition. In D. Medin & H.
Pashler (Eds.), Stevens’ Handbook of Experimental Psychology, 3rd Edn, Vol. 2,
Memory and Cognitive Processes. New York: John Wiley & Sons.
O’Toole, A. J., Deffenbacher, K. A., Valentin, D., & Abdi, H. (1994). Structural aspects
of face recognition and the other-race effect. Memory & Cognition, 22, 208-224.

Complimentary Contributor Copy

Culture Shapes Face Perception

303

Özbek, M., & Bindemann, M. (2011). Exploring the time course of face matching:
Temporal constraints impair unfamiliar face identification under temporally
unconstrained viewing. Vision Research, 51, 2145-2155.
Phillips, M. L., & David, A. S. (1997). Viewing strategies for simple and chimeric faces:
an investigation of perceptual bias in normals and schizophrenic patients using visual
scan paths. Brain and Cognition, 35, 225-238.
Rhodes, G., Brake, S., & Atkinson, A. P. (1993). What’s lost in inverted faces?
Cognition, 47, 25-57.
Rhodes, G., Brake, S., & Taylor, K. (1989). Expertise and configural coding in face
recognition. British Journal of Psychology, 80, 313-331.
Rhodes, G., Hayward, W. G., & Winkler, C. (2006). Expert face coding: Configural and
component coding of own-race and other-race faces. Psychonomic Bulletin &
Review, 13, 499-505.
Rossion, B., & Michel, C. (2011). An experience-based holistic account of the other-race
face effect. In A. Calder, G. Rhodes, M. H. Johnson, & J. V. Haxby (Eds.), The
Oxford handbook of face perception (pp. 215-243). Oxford: Oxford University Press.
Sakhuja, T., Gupta, G. C., Singh, M., & Vaid, J. (1996) Reading habits affect
asymmetries in facial affect judgements: A replication. Brain and Cognition, 32, 162164.
Sangrigoli, S., & de Schonen, S. (2004). Effect of visual experience on face processing:
A developmental study of inversion and nonnative effects. Developmental Science, 7,
74-87.
Schwaninger, A., & Mast, F. W. (2005). The face-inversion effect can be explained by
the capacity limitations of an orientation normalization mechanism. Japanese
Psychological Research, 47, 216-222.
Searcy, J. H., & Bartlett, J. C. (1996). Inversion and processing of component and spatialrelational information in faces. Journal of Experimental Psychology: Human
Perception & Performance, 22, 904-915.
Sergent, J., & Bindra, D. (1981). Differential hemispheric processing of faces:
Methodological considerations and reinterpretation. Psychological Bulletin, 89, 541554.
Shepherd, J. W., Deregowski, J. B., & Ellis, H. D. (1974). A cross-cultural study of
recognition memory for faces. International Journal of Psychology, 9, 205-212.
Sinha P., & Poggio T. (1996). I think I know that face. Nature, 384, 404.
Sporer, S. L. (2001). Recognizing faces of other ethnic groups: An integration of theories.
Psychology, Public Policy, & Law, 7, 36-97.
Tanaka, J. W., & Farah, M. J. (1993). Parts and wholes in face recognition. Quarterly
Journal of Experimental Psychology, 46, 225-245.
Tanaka, J. W., & Sengco, J. A. (1997). Features and their configuration in face
recognition. Memory & Cognition, 25, 583-592.
Tanaka, J. W., Kiefer, M., & Bukach, C. M. (2004). A holistic account of the own-race
effect in face recognition: Evidence from a cross-cultural study. Cognition, 93, B1B9.

Complimentary Contributor Copy

304

Ahmed M. Megreya and Markus Bindemann

Toseeb, U., Bryant, E. J., & Keeble, D. R. T. (2014). The Muslim headscarf and face
perception: ‘‘They all look the same, don’t they?” PLoS ONE, 9, e84754.
Vaid, J., & Singh, M. (1989). Asymmetries in the perception of facial affect: Is there an
influence of reading habits? Neuropsychologia, 27, 1277-1287.
Valentine, T. (1991). A unified account of the effects of distinctiveness, inversion, and
race in face recognition. Quarterly Journal of Experimental Psychology, 43A, 161–
204.
Wang, Y., Thomas, J., Weissgerber, S. C., Kazemini, S., Ul-Haq, I., & Quadflieg, S.
(2015). The headscarf effect re-visited: Further evidence for a culture-based internal
face processing advantage. Perception, 44, 328-336.
Want, S. C., Pascalis, O., Coleman, M., & Blades M. (2003). Recognizing people from
the inner or outer parts of their faces: Developmental data concerning 'unfamiliar'
faces. British Journal of Psychology, 21, 125-135.
Wolff, W. (1933). The experimental study of forms of expression. Character &
Personality, 2, 168-176.
Wright, D. B., Boyd, C. E., & Tredoux, C. G. (2003). Own race bias and face recognition
in South Africa and England. Applied Cognitive Psychology, 17, 365-373.
Young, A. W., Hay, D. C., McWeeny, K. H., Flude, B. M., & Ellis, A. W. (1985).
Matching familiar and unfamiliar faces on internal and external features. Perception,
14, 737-746.
Young, A. W., Hellawell, D., & Hay, D. C. (1987). Configurational information in face
recognition. Perception, 16, 747-759.
Yovel, G., Tambini, A., & Brandman, T. (2008). The asymmetry of the fusiform face
area is a stable individual characteristic that underlies the left-visual-field superiority
for faces. Neuropsychologia, 46, 3061-3068.

Complimentary Contributor Copy

In: Face Processing
Editors: M. Bindemann and A. M. Megreya

ISBN: 978-1-53612-398-2
© 2017 Nova Science Publishers, Inc.

Chapter 17

CROSS-CULTURAL SIMILARITIES AND DIFFERENCES
IN THE PERCEPTION AND RECOGNITION
OF FACIAL EXPRESSIONS
Xiaoqian Yan, Andrew W. Young and Timothy J. Andrews*
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ABSTRACT
This chapter reviews evidence from recent studies we have conducted concerning the
perception and recognition of facial expressions by participants from very different
cultural backgrounds. With increasing opportunities for cross-cultural interaction and
cooperation, this is a topic of both theoretical and practical importance. We show that the
cultural differences in expression processing are actually quite small, compared to the
large amount of cross-cultural agreement. The own-culture advantages are largely
constrained to the recognition of some facial expressions from lower face cues. It
therefore seems likely that these cultural differences reflect relatively minor cultural
‘stylistic’ differences in the way in which emotions are expressed and interpreted around
a common overall template.

Keywords: facial expression, perception, recognition, cultural differences

INTRODUCTION
People express their emotional state and intentions to others through facial
expressions. The correct understanding of this information is important for social
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communication. This chapter reviews evidence from recent studies we have conducted
concerning the perception and recognition of facial expressions by participants from very
different cultural backgrounds. With increasing cross-cultural interaction, this is a topic
of both theoretical and practical importance. We first consider two contrasting theories of
emotional expression processing: universality and cultural relativity. We relate these to
relevant empirical evidence and discuss possible reasons behind the cross-cultural
differences.
During the last 40 years, the dominant theoretical position on facial expression
recognition has been one of universal recognition of a limited number of ‘basic’
emotions. This position is based on Ekman’s (1972, 1980) interpretation of Darwin’s
(1872) proposal that a small number of basic emotions serve evolved biological
functions, and that facial expressions of these basic emotions are therefore consistent
across cultures. In line with the universal hypothesis, many studies have found that
people can identify facial expressions of basic emotions portrayed by members of
different cultures at above-chance levels, even though there might be some variability
across cultures (Biehl et al., 1997; Ekman, 1972; Izard, 1971). Facial expressions posed
by people in preliterate cultures were also found to be similar to expressions used by
people from Western cultures in the well-known studies reported by Ekman (1972).
Although universality has been the dominant modern position on facial expression,
theories of cultural relativism have not been completely abandoned. From this
perspective, it is thought that facial expressions are to some extent culturally constructed
and learnt (Elfenbein & Ambady, 2002b). Despite the fact that facial expressions posed
by people from different cultures can be recognized at above chance levels, there is still
an own-group advantage in which recognition accuracy is higher when emotions are both
expressed and perceived by members from the same cultural group. This own-group
advantage is reduced for groups with closer geographical proximity or that have more
cultural contacts with each other (Elfenbein & Ambady, 2002a, 2002b, 2003a, 2003b,
2003c). An interesting interpretation of such findings is that, like linguistic dialects or
accents, facial expressions of emotions may also have regional variations overlaid on a
common underlying pattern that can result in potential cultural differences (Elfenbein,
2013; Elfenbein & Ambady, 2002b).
Other studies have shown that the meaning of emotion-related words can vary across
different cultures. For example, the English word ‘disgust’ refers to more mixed reactions
to both physical and moral disgust scenarios, compared to the equivalent Korean and
Malayalam words (Han et al., 2015; Yoder et al., 2016). Moreover, recent studies
comparing perception of facial expressions by people in relatively culturally isolated
societies (i.e., Trobrianders of Papua New Guinea, Mwani of Mozambique) to people
living in Western cultures have also challenged the idea that there are a number of
emotions that are perceived universally. In these studies, some differences between
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cultures have been found (Crivelli, Jarillo, et al., 2016a; Crivelli, Russell, et al., 2016b;
Gendron et al., 2014).
This debate can also be related to a broader background of putative cultural
differences between people from different cultural backgrounds, such as Western
Caucasians and East Asians. Differences have been reported or hypothesised in the way
people from these different cultures think about and process the world, including claims
that East Asians group objects ‘based on family resemblance rather than category
membership’ (Nisbett & Masuda, 2003), and reports of cultural differences in perceptual
fixation patterns even to non-emotional faces (Blais et al., 2008). Differences in the social
practices of East Asian and Western Caucasian societies have been proposed to be the
reason for these cultural differences. For example, living in a multiple and complex social
environment is thought to make East Asians perceive themselves as members of a large
group and aim to perform consistently with other individuals to maintain social harmony.
In contrast, Western Caucasians are thought to emphasize individualism and autonomy
and have less complex social relations involved in their lives. These putative overall
cultural differences between East Asians and Western Caucasians therefore offer a good
starting point for exploring their impact on the cross-cultural perception of facial
expressions. As well as these hypothesised overall cultural differences, more specific
effects on emotion perception might also be predicted. For example, differences in
negative emotions (such as anger or disgust) could exist between East Asians and
Western Caucasians, since expressing negative emotions is thought likely to harm social
harmony and interpersonal relationships in collectivist societies (Matsumoto, 1989;
Matsumoto & Ekman, 1989).
The starting point for our own studies was the recent proposal by Jack and colleagues
(2009, 2012a, 2012b) that there are substantial differences in the internal representation
of facial expressions between East Asians and Western Caucasians, reflecting cultural
differences in the use of information from faces. Using an eye-tracking technique, Jack
and colleagues (2009) found that when recognizing facial expressions Western Caucasian
participants fixated features in the eye and mouth regions, whereas East Asian
participants mainly fixated the eye region. To determine whether these differences in
fixation patterns reflect different mental representations of key expressive features, Jack
et al. (2012a) used a reverse correlation method by asking participants to make forcedchoice identification of facial expressions from stimuli that were derived by adding pixelbased white noise to a neutral face base image. They then averaged the white noise
templates associated with each categorical judgement by a participant, to try to capture
the internal representation of facial features critical to each facial expression. In line with
their eye movement findings, Jack et al.’s (2012a) results suggested that Western
Caucasians used information from the eye and mouth regions to represent facial
expressions, whereas East Asians relied largely on the eye region, including the eyebrows
and eye gaze direction. Although Jack et al. (2012a) interpreted their findings in terms of
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the mental representation of facial expressions, their procedures were based on asking
participants to categorise facial expressions as different emotions, thus leaving open the
question of whether their findings reflected differences in the perception or the
recognition of facial expressions. We therefore sought to clarify whether these cultural
differences are driven by the perception of facial expressions, or from the recognition
process itself.

CROSS-CULTURAL PERCEPTION AND RECOGNITION
OF FACIAL EXPRESSIONS
To tease apart cross-cultural differences in the perception and recognition of facial
expressions, Yan, Andrews and Young (2016a) used two different tasks with Chinese
(East Asian) and British (Western Caucasian) participants to explore differences in the
perception of facial expressions of five basic emotions (anger, disgust, fear, happiness,
and sadness), or differences in the way that these expressions are categorized.

Figure 1. Examples of whole, upper and lower half region face images for each expression posed by
different Chinese and Caucasian models. Chinese face images are from the Chinese Facial Affective
Picture System (CFAPS) (Wang & Luo, 2005; Gong et al., 2011) and Western Caucasian faces are
from the Karolinska Directed Emotional Faces (KDEF) (Lundqvist et al., 1998). This figure is
reproduced with permission of the American Psychological Association from Yan et al. (2016a,
Figure 8).

Facial expression perception was assessed through a perceptual similarity task in
which participants were asked to rate the degree of similarity in expression between two
different pictures of facial expressions of the same or of different emotions. This task
does not require participants to recognize which emotions are displayed; it simply asks
about the similarity in appearance. The ratings were then used to generate a matrix of
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perceived similarities between exemplars of facial expressions. This is equivalent to the
kind of analysis used to create well-known perceptual models such as Russell’s
circumplex (Russell, 1980). To assess facial expression recognition, we used a standard
emotion categorization procedure involving forced-choice recognition of the five basic
emotions. Our initial study used whole-face images of each expression posed by Chinese
and Caucasian models. Examples are shown in Figure 1.

Figure 2. Correlation analyses of perceptual similarity ratings between Chinese and British participants.
Similarity matrices for (A) Chinese and (B) British participants for whole face images of expressions of
Chinese faces (A: anger, D: disgust, F: fear, H: happy, S: sad). (C) Scatterplot of rating correlation
between the two groups for Chinese faces. Similarity matrices for (D) Chinese and (E) British
participants for expressions of Caucasian faces. (F) Scatterplot of rating correlation between the two
groups for Caucasian faces. This figure is reproduced with permission of the American Psychological
Association from Yan et al. (2016a, Figure 9).

For the perceptual similarity rating task, Yan et al. (2016a) found that the
representational similarity matrices for the whole face images were highly consistent
between Chinese and Caucasian participants for both Chinese faces and Caucasian faces,
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as shown in Figure 2. From this we conclude that there is no evidence of fundamental
perceptual differences between cultures.
In the categorization task, however, both groups of participants showed slightly
higher recognition accuracies for facial expressions expressed by members of their own
ethnic group, as shown in Figure 3. These results were consistent with the findings of
Jack et al.’s (2009, 2012a) studies showing cultural differences between East Asians and
Western Caucasians in expression recognition, and taken together with the perceptual
similarity data (Figure 2) they make the point that these differences only exist in the
recognition (rather than the perception) of expressions. However, we note, that although
there was a statistically significant interaction between face ethnicity and participant
ethnicity in the recognition data (Figure 3), this interaction was observed against a
background of considerable inter-cultural agreement, as shown by high overall accuracies
(>70%).
We next turned to look at the suggestion that people from different cultures use
information from different parts of faces to represent facial expressions. For example,
according to Jack et al. (2012a), East Asians tend mainly to focus on the upper region of
faces to internally represent facial expressions, whereas Western Caucasians use the
upper (eyes and eyebrows) and lower (mouth) regions more equally. Yan et al. (2016a)
therefore investigated differences in perceiving and categorizing facial expressions from
only the upper or lower part of the faces. Examples of the upper and lower face stimuli
are shown in Figure 1.

Figure 3. Overall expression recognition accuracies (with standard error bars) for Chinese and British
participants from the Chinese and Caucasian faces, plotting the statistically significant Group x Face
interaction (p < .001). This figure is reproduced with permission of the American Psychological
Association from Yan et al. (2016a, Figure 10).
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Figure 4. Correlation analyses of perceptual similarity ratings for upper face regions between Chinese
and British participants. This figure is reproduced with permission of the American Psychological
Association from Yan et al. (2016a, Figure 11).

As Figures 4 and 5 show, Yan et al. (2016a) again found no difference in patterns of
perceptual similarity between facial expressions of basic emotions across Chinese and
British participants. Moreover, the data clearly demonstrated that this lack of a basic
perceptual difference extends to the perception of upper and lower face features (such as
eyes or mouth).
In the categorization task, however, the own-culture advantage for recognizing facial
expressions was mainly found for the lower face region, as shown in Figure 6. This
finding differs from Jack et al.’s (2009, 2012a) view that East Asian participants do not
make much use of the mouth region in recognizing facial expressions. Instead, Yan et al.
(2016a) found that participants with either Chinese or Western cultural backgrounds
could make better use of culture-congruent information from the lower region of the
faces.
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Figure 5. Correlation analyses of perceptual similarity ratings for lower face regions between Chinese
and British participants. This figure is reproduced with permission of the American Psychological
Association from Yan et al. (2016a, Figure 11).

Figure 6. Overall emotion recognition accuracies (with standard error bars) for Chinese and British
participants from upper and lower regions of Chinese and Caucasian faces. A significant own-group
advantage in recognition rate was detected from the lower face region. This figure is reproduced with
permission of the American Psychological Association from Yan et al. (2016a, Figure 12).
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Yan et al.’s (2016a) findings extend our understanding of the similarities and
differences in the way people from different cultures perceive and recognize facial
expressions, and constrain the possible interpretations of the own-group advantage in
facial expression recognition. Based on the absence of fundamental perceptual
differences in the similarity rating tasks and the fact that recognition advantages for ownculture faces were small in magnitude it seems likely that their findings reflect relatively
minor cultural ‘stylistic’ differences in the way in which emotions are expressed around a
common overall template. Importantly, the organization of the facial muscles makes the
lower part of the face relatively mobile compared to the more limited range of
movements possible in the eye region, and hence more capable of developing such
differences.
Because the cross-cultural differences in recognition of expressions of basic emotions
proved to be small compared to the extent of overall agreement, it is worth knowing
whether they are mainly restricted to certain emotions. Yan and colleagues (in press)
therefore investigated all six of Ekman’s (1972) basic emotions (happiness, sadness,
surprise, fear, anger, and disgust). In studies of Western participants, the most common
confusions are between surprise and fear and between anger and disgust (Calvo &
Lundquist, 2008; Ekman & Friesen, 1976; Palermo & Coltheart, 2004; Wiggers, 1982),
so it is of interest whether these known within-culture confusions might become
amplified in the cross-cultural context. Yan et al. (in press) found that the cross-cultural
differences in expression recognition mainly existed for anger and disgust, and not for
fear and surprise expressions even though these are more likely to be confused with each
other. Studies have shown that the English word disgust can refer to different emotional
scenarios (i.e., physical disgust, moral disgust), and disgust faces have been confused
with anger faces when expressing emotions for moral violations. In contrast, the meaning
of disgust in Korean and Malayalam words is more unique, reflecting some cultural
differences in meanings of disgust and anger (Han et al., 2015; Yoder et al., 2016).

CROSS-CULTURAL DIFFERENCES AND HOLISTIC PERCEPTION
Given the findings described so far, it seems unlikely that there would be differences
in more fundamental expression perceptual mechanisms. However, a widely used
hypothesis concerning the other-race effect in the perception of face identity is that it is
linked to differences in holistic perception (Michel, Caldara, et al., 2006; Michel,
Rossion, et al., 2006; Tanaka et al., 2004). While recognizing that this idea is not
accepted by all researchers (Hayward, Crookes, & Rhodes, 2013) and that it might only
apply to identity, Yan et al. (in press) thought it worthwhile to explore the possibility that
differences in holistic processing might be evident between own-race and other-race
faces.
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Figure 7. Examples of composite facial expressions. The upper and lower halves of different prototype
expressions from one of the image sets (left) were combined to create aligned composite (middle) and
misaligned (right) stimuli. This figure is reproduced with permission of the Taylor & Francis Group
from Yan et al. (in press, Figure 6).

The most well-known demonstration of holistic perception of facial expressions
involves a facial expression variant of the face composite paradigm devised by Young,
Hellawell and Hay (1987; see also Rossion, 2013). Calder and colleagues (2000) created
images that combined the upper half of one expression with the lower half of a different
expression. They found that participants were slower at identifying expressions from
either the upper or the lower part of these images when the two half parts were presented
in a face-like aligned composite format than when the same parts were presented in a
misaligned format that was not face-like (see Figure 7). This was interpreted as indicating
that holistic perception of the face-like aligned composite stimuli makes it difficult for
participants to ignore information from the irrelevant part of the image (i.e., to ignore
information from the lower half when classifying the upper half, or vice versa). In
contrast, because the misaligned stimuli do not create a face-like configuration, they are
not susceptible to this holistic interference.
Using a paradigm modelled on Calder et al. (2000), Yan et al. (in press) investigated
cross-cultural differences in the holistic processing of facial expressions. Figure 6 shows
examples of their stimuli, including combinations of facial expressions of two basic
emotions, anger and happiness. They found a significant own-group advantage in which
Chinese participants were faster at recognizing Chinese facial expressions than Western
Caucasian expressions, as shown in Figure 8(A). There was also a reliable expression
composite effect; participants were faster and more accurate at recognizing facial
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expressions from half faces when they were in a misaligned arrangement that was not
face-like. This was true for both the Western Caucasian and Chinese participants, and for
the Western Caucasian and Chinese expressions (see Figure 8(B)(C)). However, there
was no own-group advantage in holistic processing. For example, the difference between
aligned and misaligned stimuli was not significantly different for own-race compared to
other-race faces. The lack of cross-cultural differences in holistic perception of
expressions is consistent with the idea that fundamental perceptual mechanisms are
relatively invariant across cultures, at least across East Asians and Western Caucasians.

Figure 8. (A) Overall correct reaction times (with standard error bars) for Western Caucasian and
Chinese participants with the Western Caucasian and Chinese facial expressions, plotting the
statistically significant Participant Group x Face Ethnicity interaction (p < .05) (Yan et al., in press).
Overall correct reaction times (with standard error bars) for (B) Western Caucasian and (C) Chinese
participants recognizing parts of aligned and misaligned stimuli created from upper and lower halves of
Western Caucasian and Chinese expressions. A significant expression composite effect was found for
both groups of participants. However, the composite effect was not different for own-race and otherrace faces. This figure is reproduced with permission of the Taylor & Francis Group from Yan et al. (in
press, Figure 7).
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GOING BEYOND THE FORCED-CHOICE PARADIGM
Cross-cultural studies of emotion categorization have usually involved variants of a
forced-choice labelling paradigm (Izard, 1971; Ekman, 1972; Ekman, Sorensen, &
Friesen, 1969; Jack et al., 2012a; Yan et al., 2016a). However, forced-choice tasks have
been criticised as overestimating the degree of cross-cultural agreement because
expressions for which the participant is uncertain have to be assigned to the category
forming the closest approximation. In addition, the forced-choice paradigm has also been
criticised because there may be problems in translating emotion labels (Matsumoto &
Assar, 1992; Russell, 1994).
To circumvent these problems, Yan, Andrews, Jenkins and Young (2016b) used a
free-sorting task devised by Jenkins, White, Montfort and Burton (2011) to investigate
the cross-cultural processing of facial expressions. Participants were given twenty
different images, comprising five different pictures of each of four different facial
expressions, and were asked to sort these into piles corresponding to different emotions.
Importantly, participants were not told that there were only four different emotions in the
set, so they were free to put together photos they perceived as showing the same emotion
without any constraint. Figure 9 shows examples of expression stimuli used in Yan et
al.’s (2016b) study. Note that these expressions are taken from sets of stimuli where the
models were simply asked to pose an emotional expression, rather than being told which
muscles to move. Hence the examples of each expression can be quite varied.

Figure 9. Examples of stimuli used by Yan et al. (2016b). Each set of stimuli contains five randomly
selected images of each of 4 negative expressions (anger, disgust, fear, and sadness) posed either by
Chinese or Western Caucasian models. Participants were simply asked to sort the images from a set into
piles containing the same expression.
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Figure 10. Mean confusions for Chinese and Western Caucasian participants in facial identity and
expression sorting tasks involving Chinese and Western Caucasian faces (with standard error bars),
showing a clear own-group advantage for both groups of participants across expression and identity
sorting tasks. This figure is reproduced with permission of the Taylor & Francis Group from Yan et al.
(2016b, Figure 1).

Besides the expression sorting, sets of face identity images with five different images
of each of four identities were also given to the participants, and their task was to sort the
images into piles according to identity. This novel procedure offers a way to investigate
cross-cultural differences in facial identity and expression processing across tasks with
carefully matched demands. Moreover, the main pitfalls of forced-choice expression
recognition paradigms are avoided. In addition, this free-sorting task also avoids pitfalls
of the recognition memory paradigm usually used in studies of identity recognition in
which a substantial element of picture learning may be involved (Hay & Young, 1982;
Longmore, Liu, & Young, 2008).
Using the analysis devised by Jenkins and colleagues (2011), we calculated scores
based on the numbers of confusion errors in which faces with different identities or with
different expressions were placed in the same pile. These are shown in Figure 10, which
shows significant own-group advantages of comparable magnitude across the identity and
expression tasks. Western Caucasian participants made more confusions for the identities
and expressions of Chinese than Western Caucasian faces, while Chinese participants
made more confusions for the identities and expressions of Western Caucasian than
Chinese faces.
Note that in the free-sorting task there could actually be two types of possible error.
One type of error arises when two examples of different identities or expressions are seen
as only one, and this type of error can be captured by what we called “confusions”. The
other type of error arises when the examples of the same identity or expression are seen
as different from each other, and this can be captured by the number of piles a participant
creates. Yan et al. (2016b) did not find cross-cultural differences in the number of piles
created (i.e., the number of categories a participant thought there were for each set of
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stimuli), but a comparable study of cross-cultural identity perception by Laurence, Zhou
and Mondloch (2016) did find differences with this measure. Potentially, these two types
of error (confusions and numbers of piles) are measures of the same phenomenon that
need to be considered together. Yan et al. (2016b) therefore generated a full response
matrix for each stimulus set for each group of participants. This method offers a way to
combine information from both piles and confusions together, creating a measure of the
magnitude of cultural differences and similarities that are reflected in own-group
advantages. Example response matrices are shown in Figure 10, where each cell in a
response matrix indicates the number of times that participants sorted two different
images into the same pile. By correlating the response matrices across Chinese and
Western Caucasian participants, the results showed a considerable amount of crosscultural agreement (see Figure 11). In this way, Yan et al. (2016b) offered a
complementary perspective to Yan et al.’s (2016a) findings. The widespread opinion that
cross-cultural differences are large can be rejected as there is a substantial amount of
cross-cultural agreement in both identity and expression processing.

IMPLICATIONS
Our consistent finding has been that cultural differences are real, but need to be
interpreted against a background of substantial cross-cultural agreement. Overall the
fundamental perceptual mechanisms seem very consistent, and this constrains the
explanation of the own-group advantages for expression recognition. Own-culture
advantages were found in expression classification tasks (whether these involved forcedchoice or free-choice sorting), but they were small and largely restricted to certain
expressions (especially anger and disgust) and parts of the face (notably the lower region,
containing the mouth).
Taken together, these findings do not offer much support for Jack et al.’s (2012a)
contention of considerable cross-cultural differences in the internal representations of
facial expressions, and are inconsistent with their particular claim that only information
from the upper half of faces (eye brows and eyes) is encoded by Chinese participants. We
suspect that there may be limitations to some aspects of the techniques Jack et al. (2012a)
used. In particular, even though reverse correlation from pixelated noise can capture any
of the communicative signals participants might seek, the potential variety of facial
expression cues means that stimuli created by adding pixelated noise to a neutral face are
unlikely to contain sufficient examples of all possible facial signals (Freeman & Ziemba,
2011). Hence, Jack et al.’s (2012a) findings concerning how culture can finely shape the
internal representation of facial expressions might be exaggerated by these constraints in
the stimuli sampling.
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Figure 11. Examples of response matrices for Chinese and Western Caucasian participants for one
Chinese Expression set (A) and one Western Caucasian Expression set (B) in Yan et al.’s (2016b)
study. The five example photographs for each of the four expressions are represented along the axes of
each response matrix. Each cell in the matrix then represents the number of times that two different
images were sorted into the same pile by participants in the same group. Different images that are seen
as expressing the same emotion will thus show up as more brightly coloured. The correlations of the
response matrices between Chinese and Western Caucasian participants were 0.90 (Chinese
Expression) and 0.91 (Western Caucasian Expression), ps < .001. This figure is reproduced with
permission of the Taylor & Francis Group from Yan et al. (2016b, Figure 4).

Recently, Jack and colleagues (2012b; 2014) have also begun to use the reverse
correlation method to capture participants’ internal representation of dynamic facial
expressions represented by combinations of random facial movements, and again
highlighted the potential influence of culture on shaping the recognition of dynamic facial
expressions. Although static expression images of the type we have used here can capture
the apex of an expressed emotion, which is sufficient for the recognition of many facial
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expressions (Bruce & Young, 2012; Young, 2016), researchers have argued that dynamic
expressions can convey information not only about the presence of an emotional state,
but also about the unfolding temporal sequence (Krumhuber, Kappas, & Manstead,
2013). To further explore cultural differences in facial expression perception and
recognition, more studies with dynamic expressions will need to be conducted in the
future.
Based on our findings, cultural differences in expression recognition probably reflect
relatively minor cultural differences in the way certain emotions are expressed and
interpreted (see also Ekman, 1972; Matsumoto, 1989). Increased contact and perceptual
experiences with own-group members and thus greater efficiency at recognizing the
slightly different expressions of own-race members would then lead to the own-group
advantages. From a broader cultural perspective, the differences in the way certain
emotions are expressed and interpreted could reflect differences in social practices
between East Asian and Western Caucasian cultures.
Some researchers have also suggested that the own-group advantages in expression
recognition might be modulated by motivational differences. People may be less
motivated to understand emotions expressed by members of other cultural groups
(Kilbride & Yarczower, 1983; Markham & Wang, 1996; Young & Hugenberg, 2010).
However, the relatively minor differences we observed were mainly driven by
recognition of certain specific emotions from the lower region of the face. This pattern
does not sit easily with the idea of a general motivational difference. We note though that
our participants were students at the University of York, and that the Chinese participants
had come from China with the specific purpose of studying in the UK. It is possible that
the social cognition theories may fit better with studies comparing differences in contexts
where differences in social attitudes to own-race and other-race faces would be more
pronounced.

CONCLUSION
This chapter provides an overview of some cross-cultural differences and similarities
in facial expression processing. The idea reflected in everyday opinions such as that “they
all look alike” has obviously been overestimated. We have shown that the cultural
differences in expression processing across participants from two very different cultural
backgrounds are actually quite small, compared to the large amount of cross-cultural
agreement. The own-group advantages are largely constrained to the recognition of some
facial expressions from lower face cues. It therefore seems more likely that the cultural
differences reflect relatively minor ‘stylistic’ differences in the way in which emotions
are expressed and interpreted around a common overall template.

Complimentary Contributor Copy

Cross-Cultural Similarities and Differences in Face Perception

321

REFERENCES
Biehl, M., Masumoto, D., Ekman, P., Hearn, V., Heider, K., Kudoh, T., & Ton, V.
(1997). Matsumoto and Ekman’s Japanese and Western Caucasian Facial
Expressions of Emotion (JACFEE): reliability data and cross-national differences.
Journal of Nonverbal Behavior, 21, 3−21.
Blais, C., Jack, R. E., Scheepers, C., Fiset, D., & Caldara, R. (2008). Culture shapes how
we look at faces. PLoS ONE, 3(8), e3022.
Bruce, V., & Young, A. (2012). Face perception. London & New York: Psychology
Press.
Calder, A. J., Young, A. W., Keane, J., & Dean, M. (2000). Configural information in
facial expression perception. Journal of Experimental Psychology: Human
Perception and Performance, 26, 527–551.
Calvo, M. G., & Lundqvist, D. (2008). Facial expressions of emotion (KDEF):
Identification under different display-duration conditions. Behavior Research
Methods, 40, 1, 109−115.
Crivelli, C., Jarillo, S., Russell, J. A., & Fernández-Dols, J. M. (2016a). Reading
emotions from faces in two indigenous societies. Journal of Experimental
Psychology: General, 145, 830–843.
Crivelli, C., Russell, J. A., Jarillo, S., & Fernández-Dols, J. M. (2016b). The fear gasping
face as a threat display in a Melanesian society. Proceedings of the National
Academy of Sciences, 1611622113.
Darwin, C. (1904). The expression of the emotions in man and animals. London, UK:
Murray. (Original work published 1872).
Ekman, P. (1972). Universals and cultural differences in facial expressions of emotion. In
J. Cole (Ed.), Nebraska Symposium on Motivation, 1971 (Vol.19, pp. 207−282).
Lincoln: University of Nebraska Press.
Ekman, P. (1980). The face of man: Expressions of universal emotions in a New Guinea
village. New York: Garland STPM Press.
Ekman, P. (1994). Strong evidence for universals in facial expressions: A reply to
Russell’s mistaken critique. Psychological Bulletin, 115, 268−287.
Ekman, P., & Friesen, W. V. (1976). Pictures of facial affect. Palo Alto, California:
Consulting Psychologists Press.
Ekman, P., Sorenson, E. R., & Friesen, W. V. (1969). Pan-culture elements in facial
display of emotions. Science, 164, 86-88.
Elfenbein, H. A. (2013). Nonverbal dialects and accents in facial expressions of emotion.
Emotion Review, 5, 90-96.
Elfenbein, H. A., & Ambady, N. (2002a). Is there an in group advantage in emotion
recognition? Psychological Bulletin, 128, 243−249.

Complimentary Contributor Copy

322

Xiaoqian Yan, Andrew W. Young and Timothy J. Andrews

Elfenbein, H. A., & Ambady, N. (2002b). On the universality and cultural specificity of
emotion recognition: A meta-analysis. Psychological Bulletin, 128, 203−235.
Elfenbein, H. A., & Ambady, N. (2003a). Cultural similarity’s consequences: A distance
perspective on cross-cultural differences in emotion recognition. Journal of CrossCultural Psychology, 34, 92−110.
Elfenbein, H. A., & Ambady, N. (2003b). Universals and cultural differences in
understanding emotions. Current Directions in Psychological Science, 12, 159−164.
Elfenbein, H. A., & Ambady, N. (2003c). When familiarity breeds accuracy: cultural
exposure and facial emotion recognition. Journal of Personality and Social
Psychology, 85, 276−290.
Gendron, M., Roberson, D., van der Vyver, J. M., & Barrett, L. F. (2014). Perceptions of
emotion from facial expressions are not culturally universal: evidence from a remote
culture. Emotion, 14, 251−262.
Gong, X., Huang, Y. X., Wang, Y., & Luo, Y. J. (2011). Revision of the Chinese facial
affective picture system. Chinese Mental Health Journal, 1, 40−46.
Han, D., Kollareth, D., & Russell, J. A. (2015). The words for disgust in English, Korean,
and Malayalam question its homogeneity. Journal of Language and Social
Psychology, 1−20.
Hay, D. C., & Young, A. W. (1982). The human face. In A. W. Ellis (Ed.), Normality and
Pathology in Cognitive Functions. London: Academic Press.
Hayward, W. G., Crookes, K., & Rhodes, G. (2013). The other-race effect: Holistic
coding differences and beyond. Visual Cognition, 21, 1224−1247.
Izard, C. E. (1971). The face of emotion. New York: Appleton-Century-Crofts.
Jack, R. E., Blais, C., Scheepers, C., Schyns, P. G., & Caldara, R. (2009). Cultural
confusions show that facial expressions are not universal. Current Biology, 19,
1543−1548.
Jack, R. E., Caldara, R., & Schyns, P. G. (2012a). Internal representations reveal cultural
diversity in expectations of facial expressions of emotion. Journal of Experimental
Psychology: General, 141, 19−25.
Jack, R. E., Garrod, O. G. B., Yu, H., Caldara, R., & Schyns, P. G. (2012b). Facial
expressions of emotion are not culturally universal. Proceedings of the National
Academy of Sciences, 109, 7241−7244.
Jack, R. E., Garrod, O. G. B., & Schyns, P. G. (2014). Dynamic facial expressions of
emotion transmit an evolving hierarchy of signals over time. Current Biology, 24,
187-192.
Jenkins, R., White, D., Van Montfort, X., & Burton, A. M. (2011). Variability in photos
of the same face. Cognition, 121, 313−323.
Kilbride, J. E., & Yarczower, M. (1983). Ethnic bias in the recognition of facial
expressions. Journal of Nonverbal Behavior, 8, 27−41.

Complimentary Contributor Copy

Cross-Cultural Similarities and Differences in Face Perception

323

Krumhuber, E. G., Kappas, A., & Manstead, A. S. R. (2013). Effects of dynamic aspects
of facial expressions: A review. Emotion Review, 5, 41−46.
Laurence, S., Zhou, X., & Mondloch, C. J. (2016). The flip side of the other-race coin:
They all look different to me. British Journal of Psychology, 107, 374−388.
Longmore, C. A., Liu, C. H., & Young, A. W. (2008). Learning faces from photographs.
Journal of Experimental Psychology: Human Perception and Performance, 34,
77−100.
Lundqvist, D., Flykt, A., & Öhman, A. (1998). The Karolinska Directed Emotional Faces
– KDEF [CD ROM]. Stolkholm: Karolinska Institutet, Department of Clinical
Neuroscience, Psychology Section.
Markham, R., & Wang, L. (1996). Recognition of emotion by Chinese and Australian
children. Journal of Cross-Cultural Psychology, 27, 616-643.
Matsumoto, D. (1989). Cultural influences on the perception of emotion. Journal of
Cross-Cultural Psychology, 20, 92–105.
Matsumoto, D., & Assar, M. (1992). The effects of language on judgments of universal
facial expressions of emotion. Journal of Nonverbal Behavior, 16, 85−99.
Matsumoto, D., & Ekman, P. (1989). American-Japanese cultural differences in intensity
ratings of facial expressions of emotion. Motivation and Emotion, 13, 143−157.
Megreya, A. M., & Burton, M. (2006). Unfamiliar faces are not faces: Evidence from a
matching task. Memory & Cognition, 34, 865−876.
Michel, C., Caldara, R., & Rossion, B. (2006). Same-race faces are perceived more
holistically than other-race faces. Visual Cognition, 14, 55−73.
Michel, C., Rossion, B., Han, J., Chung, C. S., & Caldara, R. (2006). Holistic processing
is finely tuned for faces of one’s own race. Psychological Science, 17, 608−615.
Nisbett, R. E., & Masuda, T. (2003). Culture and point of view. Proceedings of the
National Academy of Science, 100, 11163−11170.
Palermo, R., & Coltheart, M. (2004). Photographs of facial expression: Accuracy,
response times, and ratings of intensity. Behavior Research Methods, Instruments, &
Computers, 36, 634−636.
Rossion, B. (2013). The composite face illusion: A whole window into our understanding
of holistic face perception. Visual Cognition, 21, 139−253.
Russell, J. A. (1994). Is there universal recognition of emotion from facial expression? A
review of the cross-cultural studies. Psychological Bulletin, 115, 102−141.
Tanaka, J. W., Kiefer, M., & Bukach, C. M. (2004). A holistic account of the own-race
effect in face recognition: Evidence from a cross-cultural study. Cognition, 93,
B1−B9.
Wang, Y., & Luo, Y. J. (2005). Standardization and assessment of college students’ facial
expression of emotion. Chinese Journal of Clinical Psychology, 4, 396−398.
Wiggers, M. (1982). Judgements of facial expressions of emotion predicted from facial
behaviour. Journal of Nonverbal Behavior, 7, 101−116.

Complimentary Contributor Copy

324

Xiaoqian Yan, Andrew W. Young and Timothy J. Andrews

Yan, X. Q., Andrews, T. J., & Young, A. W. (2016a). Cultural similarities and
differences in perceiving and recognizing facial expressions of basic emotions.
Journal of Experimental Psychology: Human Perception and Performance, 42,
423−440.
Yan, X. Q., Andrews, T. J., Jenkins, R., & Young, A. W. (2016b). Cross-cultural
differences and similarities underlying other-race effects for facial identity and
expression. Quarterly Journal of Experimental Psychology, 69, 1247−1254.
Yan, X. Q., Young, A. W., & Andrews, T. J. (in press). Differences in holistic processing
do not explain cultural differences in the recognition of facial expression. Quarterly
Journal of Experimental Psychology.
Yoder, A. M., Widen, S. C., & Russell, J. A. (2016). The word disgust may refer to more
than one emotion. Emotion, 16, 301−308.
Young, A. (2016). Facial expression recognition. London & New York: Routledge.
Young, A. W., Hellawell, D., & Hay, D. C. (1987). Configural information in face
perception. Perception, 16, 747−759.
Young, S. G., & Hugenberg, K. (2010). Mere social categorization modulates
identification of facial expressions of emotion. Journal of Personality and Social
Psychology, 99, 964−977.

Complimentary Contributor Copy

In: Face Processing
Editors: M. Bindemann and A. M. Megreya

ISBN: 978-1-53612-398-2
© 2017 Nova Science Publishers, Inc.

Chapter 18

THE ROLE OF FACE GENDER IN THE PROCESSING
OF FACIAL EXPRESSIONS OF EMOTION
Alisdair Taylor*
Human Vision and Eye Movement Laboratory, Department of Ophthalmology
and Visual Sciences, University of British Columbia, Canada

ABSTRACT
The aim of this chapter is to critically examine findings from previous studies that
have investigated the effects of face gender on the processing of facial expressions. Two
key issues are addressed here: Can current models of face perception account for
interactions between face gender and expression processing? And do gender-emotion
associations guide judgments about certain facial expressions? The neural basis of face
gender processing and facial expression processing are outlined. Methodological
considerations and ecological limitations of facial expression tasks are also discussed.
Finally, recommendations are made for future research.

Keywords: face gender, facial expressions, emotion, face perception, face processing

INTRODUCTION
When we look at a face, a plethora of complex non-verbal information can be
accessed about a person, such as race, gender and identity. One piece of facial
information that plays an important role in a number of human functions are facial
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expressions. Darwin (1872/1998) suggested that the function of basic expressions
involved communicating information relevant to the expresser’s well-being and
reproductive fitness. Indeed, the communicative function of facial expressions is
paramount to our social lives. The ability to perceive and interpret facial expressions
helps to elucidate the emotional state of an individual, which is beneficial for
interpersonal encounters and relationships (Ellis & Young, 1998). As well as being an
emotional state indicator, a facial expression may also be expressed to indicate the course
of social action. For example, an angry face can signal danger therefore the observer
should give this person a wide birth. On the other hand, a happy face could indicate that
the observer should approach, for the possibility of reward.
It is widely accepted that there are six universal facial expressions. These can be
categorized as having negative valence and comprise sadness, disgust, fear, and anger, or
the positive valence of happiness and surprise (Ekman & Friesen, 1976). Numerous
studies have found evidence suggesting that our ability to make judgments about these
facial expressions is dependent on the affective valence of the facial expression itself
(Calvo & Lundqvist 2008; Hugenburg & Scezny, 2006; Taylor & Jose, 2014; Taylor &
Bryant, 2016). For example, happy facial expressions are generally identified faster and
more accurately than most other facial expressions (Leppanen & Hietanen, 2003).
However, recent studies have shown that other facial dimensions such as the race or
gender of the face can modulate our ability to react to these expressions (Hugenburg,
2005; Bijilstra, Holland, & Wigboldus, 2010; Bijlstra, Holland, Dotsch, Hugenberg, &
Wigboldus, 2014; Palermo & Coltheart, 2004). Findings from these studies have
highlighted the relevance of the interaction between invariant features and variant facial
characteristics of the face, when processing facial expressions. When using the term
‘processing’ it is important to consider that processing requires a perception of the
stimulus (i.e., processing the features configuration of the face) and recognition of it (i.e.,
using stored memories to identify the facial expression). For the purposes of this review,
‘facial expression processing’ should be presumed to include the perceptual and
recognition components.
In this chapter, I will critically review recent evidence that has attempted to explain
the role that face gender plays in the processing of facial expressions. Specifically, I will
focus on the extent to which the perception of facial expressions is influenced by the
gender of the face expressing the emotion (expresser), as opposed to the gender of the
observer (for a substantive review on the role of the gender of the observer in facial
expression processing, see Hall, 1984). The review attempts to answer two key questions,
namely whether current models of face perception can account for interactions between
face gender and expression processing, and whether gender-emotion associations guide
judgments about certain facial expressions. I begin by describing the neural basis of face
gender and facial expression processing, then move on to discuss studies that have
investigated the effects of face gender on facial expression perception.

Complimentary Contributor Copy

Face Gender and the Processing of Facial Expressions

327

NEURAL BASIS OF FACE GENDER AND
FACIAL EXPRESSION PROCESSING
Facial expression processing and face gender processing rely on a large arrangement
of neural structures. According to neuroanatomical models of face processing, face
gender and facial expression processing occur immediately after early visual analysis and
perception of facial features has occurred in the front end system - the inferior occipital
gyri (Bruce & Young, 1986; Haxby, Hoffmann, & Gobbini, 2000). Information
pertaining to the gender and expression of the face are then extracted and sent to
functionally and neurally separate systems each carrying distinct visuo-perceptual
representations of the relevant facial characteristic (Calder & Young, 2005).
Functionally, these systems are responsible for processing changeable (variant) face
characteristics, such as expression and gaze, or for processing relatively non-changeable
(invariant) characteristics, such as identity, race and gender. Neurologically, face gender
is processed in the lateral fusiform gyrus, including the fusiform face area (FFA), along
with other invariant features. Information regarding the invariant characteristics of the
face are then passed to an extended system (anterior temporal cortex) in order to assist
with recognition of personal identity, and biographical information. Facial expression
signals are processed separately in the superior temporal sulcus (STS) and subsequently
passed to an extended system comprising several structures. These include the insula,
limbic system, and amygdala, with the latter playing an important role in the generation
of knowledge about the emotion signalled (Adolphs, 2002; Haxby et al., 2000). Under
this neuroanatomical hierarchical framework, invariant facial features such as face
gender, race and identity, are of a higher order than changeable variant characteristics
such as expression and gaze.

CAN CURRENT MODELS OF FACE PERCEPTION ACCOUNT FOR
INTERACTIONS BETWEEN FACE GENDER
AND EXPRESSION PROCESSING?
As it is apparent that the gender of an individual’s face is processed functionally and
neurologically separately compared to the processing of the expression of the face
(Haxby et al., 2000), the question arises of whether these two facial dimensions interact.
The evidence in favour of an interaction between face gender and facial expression
processing is mixed. In support of the predictions of neuroanatomical theories of face
processing, in that variant and invariant facial aspects are processed separately (Bruce &
Young, 1986; Haxby et al., 2000), some evidence provides support for these claims. Le
Gal and Bruce (2002) asked their participants to make speeded judgments about either
the gender of faces or their facial expression. When the gender decision was deemed
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‘easy’ relative to the expression decision, it was possible for participants to attend
selectively to either gender or expression without interference from the other. Similarly,
this occurred when gender classification was more equivalent in difficulty to expression
classification. The authors concluded that sex information may be processed
independently of expression but that expression classification might be modified by the
sex of the expresser’s face.
Contrary to the predictions of neuroanatomical theories of face processing (Bruce &
Young, 1986; Haxby et al., 2000), some behavioural findings provide support for an
overlap between the dimensions of face gender and expression when identifying facial
expressions. Tucker and Riggio (1988) found that happy facial expressions were
categorized more accurately when the target face was female as opposed to male. This
was supported in a subsequent study (Hess, Blairy, & Kleck, 1997). Hugenburg and
Sczesny (2006) also found that happy facial expressions were categorized faster and more
accurately when the target face was female as opposed to male. Conversely, angry facial
expressions were categorized more accurately in male target faces. In support of these
findings, Becker, Kenrick, Neuberg, Blackwell, and Smith (2007) observed faster
reaction times and greater accuracy for categorization of male angry facial expressions,
across a series of experiments. This finding was supported in a later study, which also
observed interactive effects of face gender and facial expression processing when
presenting participants with either top or bottom face segments (Aguado, Gutierrez, &
Perdaza, 2009). In this paradigm, classification of emotional expression was influenced
by the sex of the face, and complementarily, classification of sex was influenced by the
expression shown by the face. Consequently, these findings potentially point to an
interactive account of face gender and facial expression processing.

DO GENDER-EMOTION ASSOCIATIONS GUIDE JUDGMENTS ABOUT
CERTAIN FACIAL EXPRESSIONS?
Despite face gender and facial expression processing being neurologically and
functionally distinct, the studies discussed previously highlight clear associations
between male and female faces and certain facial expressions. A growing body of
literature suggests that gender-emotion associations might guide judgments about certain
facial expressions, and therefore contribute to our understanding of the interaction
between face gender and facial expression processing. These associations may occur as
early as infancy and continue through development as gender-emotion stereotypes.
Accordingly, young children hold gender stereotypes, and apply these in making
judgments about the emotions of others. In line with this reasoning, it has been shown
that children are more likely to think that a crying baby is angry if previously told that the
baby is male as opposed to female (Haugh, Hoffman, & Cowan, 1980). In another study,
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child participants were shown expressionless line drawings of male and female faces.
Children rated females as feeling sad more often than males and rated males as feeling
angry more often than females (Karbon, Fabes, Carlo, & Martin, 1992). These
stereotypes occurring at a young age may continue through rehearsal into adulthood,
causing biased expectations of face processing in males and females. Support for this
notion was found in a classic study by Condry and Condry (1976) who observed that
when adult participants watched two video recordings of what they believed to be two
different children (one boy, one girl) playing with a toy, they attributed a higher level of
anger to the child that was labelled as a boy, even though it was the same child playing in
both videos. It has been suggested that gender differences in emotional expression can
therefore perpetuate through a set of feedback processes that exacerbate the differences
(Brody & Hall, 2010).
The apparent association of angry expressions and male faces in particular has been
shown in an array of tasks, such as gender classification (Bayet et al., 2015; Hess,
Adams, Grammer, & Kleck 2009) and emotion rating (Fabes & Martin, 1991; Kring,
2000; Plant, Hyde, Keltner, & Devine, 2000). For example, Fabes and Martin (1991)
found that males were believed to express anger more frequently than females but that
females were believed to express all other emotions more frequently than males. The
latter finding supports the view that females are more likely to experience and express
emotions in general (Adams, Hess, & Kleck, 2015). Similarly, Plant et al. (2000) reported
that participants thought females were more likely to experience and express a range of
emotions (including fear, sadness) more often than males, with the exception of anger. In
a second study, ambiguous female faces of mixed anger-sadness facial expressions, were
rated to have increased sadness and less anger than male faces with a similar blend of
these emotions. This latter finding is limited to a situation in which cues about the
emotion of the expresser were ambiguous. However, Plant et al. (2000) also observed that
unambiguous female angry faces were rated to have mixed anger and sadness. The
authors suggested that gender-emotion stereotypes guide judgments of facial expressions.
Therefore, the way in which an individual judges a facial expression may be influenced
by a gender-emotion stereotype that acts as a prime to facilitate processing of anger in
male faces and happiness in female faces.
In addition, the expression of anger in a male face also appears to be more generally
recognizable than in a female face (Brody & Hall, 2008). Emotion ratings studies, for
example, found aggression and masculinity are weakly associated in female faces
compared to male faces (Geniole, Keyes, Mondloch, Carre, & McCormick 2012),
providing further support for the notion that aggression is stereotypically processed as a
masculine trait. The association between male faces and anger also extends to the
processing of neutral faces. Adams, Nelson, Soto, Hess, and Kleck (2012) found that
male neutral faces were rated as angrier compared to female neutral faces. By
comparison, female neutral faces were rated as happier and more fearful compared to
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male neutral faces, further emphasizing gender-emotion associations for certain facial
expressions. In another study, Harris, Hayes-Skelton, and Ciaramitaro (2016) presented
participants with a series of morphed faces along an emotional continuum from happy to
angry. Participants’ unique emotional ‘neutral’ point, defined as the face morph judged to
be perceived equally angry and happy, was perceptually biased to be happier for male
than for female faces. This finding suggests that observers might be biased to perceive a
male face as more negative because more happiness is required to perceive a male face as
emotionally neutral.
One study has demonstrated that the implicit association between anger and male
faces exists using just a simple visual imagery task. Becker et al. (2007) found that
participants were more likely to imagine a male as opposed to a female when instructed
to generate a prototypical angry face, suggesting any associations people make between
face gender and facial expressions occur across different cognitive processes. Genderemotion associations have also been found with memory of emotional faces. Angry male
faces were better remembered than angry female faces, whereas happy female faces were
remembered better than happy male faces (Hofmann et al., 2006). Taken together, these
findings suggest strong associations between face gender and facial expression
processing, particularly between male angry faces and female happy faces.
Several explanations have been offered in an attempt to understand the association
between male faces and angry expressions. One possibility is that individuals hold
stereotypical expectations that determine the differences in judgments of male and female
faces in relation to expressions (Bayet et al., 2015; Hess, Adams, & Kleck, 2004). An
alternative account draws upon an evolutionary explanation, in that “angry features” have
evolved to mimic masculinity and in contrast, “happy features” to mimic femininity (Le
Gal & Bruce, 2002). Faces have been rated more masculine and angrier when the
distance between the brow and eye was shortened (Becker et al., 2007) or when the
distance between the eyes and mouth was manipulated (Neth & Martinez, 2009). Facial
structure and cognitive mechanisms may have evolved to maintain and optimize more
efficient perception of angry males and happy females over angry females and happy
males (Tay, 2015). The interaction of face gender and facial expression processing may
be representative of an interaction between evolutionary mechanisms and social learning
(Becker et al., 2007). The strong association of male angry faces is further strengthened
by criminal evidence that males are more likely to commit violent crimes than females
(Daly & Wilson, 1994). It is possible that a perceptual system has evolved with the
capability to associate those who are most likely to cause danger in the environment, such
as threatening males displaying angry facial expressions.
A similar account can be considered for the associations between female faces and
happy expressions. An evolved perceptual system that is able to associate those who are
most likely to provide support and reward, such as females providing positive cues like
happy facial expressions, is highly plausible. Hess et al. (2009) reasoned that expressive
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markers of angry, fearful and happy expressions overlap with perceptual markers of each
gender (i.e., anger/male = lowered eye brows; fearful/female = raised eye brows;
happy/female = rounded smiling face), therefore biasing sex discrimination judgments.
This was based on the observation that participants rated androgynous angry faces to be
more masculine and rated androgynous fearful and happy faces to be more feminine. The
authors suggested that these findings occurred because anger enhances features
associated with a male face whereas fearful and happy expressions enhance features
affiliated with female faces. Taken together, it would seem that over time, strong
associations or cultural stereotypes have developed, leading to greater efficiency when
recognizing female happy faces and male angry faces. A face that expresses anger may
appear more masculine, but a face that expresses happiness may seem more feminine.
Moreover, from an evolutionary perspective, the physiological differences between the
genders has influenced observers’ perceptual systems when processing expressions of
male and female faces, in accordance with the potential opportunities a female happy face
signals or the threats that a male angry face signals.

LIMITATIONS AND RECOMMENDATIONS FOR FUTURE RESEARCH
Most studies that have investigated face gender and facial expression processing have
employed posed and highly-intensified facial expressions. Although this can be
considered a good starting point regarding the understanding of facial expression
communication, it would be beneficial for future studies to explore facial expression
processing under more ecologically valid conditions. In previous studies, female models
may have posed more intensely for happiness whereas male models could have more
intensified poses for anger. Previous studies have generally found a positive relationship
between expression intensity and recognition, such that increased intensity leads to
improved recognition accuracy (Hess et al., 1997; Rothstein et al., 2010), although a
recent study only found this for expressions of anger, fear and surprise (Hoffmann,
Kessler, Eppel, Rukavina, & Traue, 2010). The intensity of the expression could be
manipulated to reflect that facial expressions outside of laboratory settings are not usually
accentuated poses but can be very subtle. This would enable us to see if strong genderemotion associations of previously documented male angry faces and female happy faces,
guide decisions about facial expressions under these conditions.
An additional limitation may be that most research investigating facial expression
processing has employed static images. A more realistic and ecologically valid approach
would be to use video images of moving faces (Houstis & Kiliaridis, 2009; Parmley &
Cunningham, 2014). In addition, metrics other than accuracy and reaction time to identify
the expression could emerge from such video footage. For example, a recognition point
or speed could be calculated to represent when participants detect the emergence of the
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expression. Using this type of methodology, a recent study found an association between
female faces and sad expressions (Parmley & Cunningham, 2014). Participants watched
video clips of facial expressions, which morphed from expressing a neutral expression to
an emotional expression (anger or sad) for both male and female faces. As well as
identifying the emotion of the morphed facial expression, participants were asked to
physically stop the video at the point when they first perceived the emotion and this was
taken as a measure of perceptual sensitivity. Their results showed that female faces
expressing sadness were identified quicker than male faces expressing sadness, again
perhaps due to the pre-existing gender-emotion associations. The use of videos of
morphed expressions, and the measure of perceptual sensitivity that these can provide,
might incorporate the subtle changes that occur in facial expression creation that static
images of faces cannot accommodate.

CONCLUSION
When perceiving and identifying the facial expressions of other individuals, the
gender of the face expressing the emotion plays an important role in this processing. It is,
however, difficult to attribute these findings to one specific explanation. It is more likely
that the interaction of emotion and gender may be representative of both evolutionary
mechanisms and social learning. In some cases, previous studies have reported an
asymmetrical relationship between expression and face gender processing such that
decisions about the gender of the face were unaffected by the expression, but decisions
about the expression were affected by gender. As a result, these findings provide support
for an interactive functional and structural account of face gender and facial expression
processing. In accordance with this, facial structure and cognitive mechanisms may have
evolved to optimize more efficient perception of male faces with expressions such as
anger, and female faces with expressions such as happiness.
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Chapter 19

THE OWN-GROUP BIASES IN FACE RECOGNITION:
ONE THEORY TO EXPLAIN THEM ALL?
Peter J. Hills* and Ashakee Mahabeer
Department of Psychology, Bournemouth University, England, UK

ABSTRACT
People are often better at recognising faces of their own group over various other
groups. The own-group biases have been extensively studied in terms of ethnicity,
gender, and age. There is also evidence for own-personality, -sexuality, and -university
biases. There are two main groups of theories that purport to explain all of the own-group
biases: perceptual expertise models and socio-cognitive motivational accounts. The
degree with which each theory can explain all group biases remains an enigmatic
question. In this chapter, we review the evidence for the own-group biases and how they
relate to the various models that have been proposed to explain them. Finally, we will
pose some unanswered research questions that remain to be explored.

Keywords: face perception, own-race bias, own-ethnicity bias, own-gender bias, ownage bias, own-group bias

INTRODUCTION
The own-group biases7 in face recognition are indicated by superior recognition to
faces of one’s own group relative to another group. Own-group biases have been found

*

Corresponding Author address: Dr. Peter Hills, Department of Psychology, Bournemouth University,
Bournemouth BH12 5BB, England, UK. Email: phills@bournemouth.ac.uk.

Complimentary Contributor Copy

338

Peter J. Hills and Ashakee Mahabeer

for ethnicity8 (e.g., Brigham & Malpass, 1985), age (e.g., Anastasi & Rhodes, 2006),
gender (e.g., Wright & Sladden, 2003), sexuality (Rule, Ambady, Adams, & Macrae,
2007), university and personality (Bernstein, Young, & Hugenberg, 2007). The
theoretical models devised to explain the own-ethnicity bias have been applied to the
other group biases, not necessarily successfully. Here, we review these models and
present carefully selected empirical studies that are directly comparable
methodologically, before summarising some apparent cross-cultural differences in these
biases.

THEORETICAL EXPLANATIONS OF THE OWN-GROUP BIASES
Broadly speaking there are two broad classes of models to explain the own-group
biases in face recognition. These are the perceptual and socio-cognitive models. Within
these models there are several individual theories and there are overlaps across these
accounts. Nevertheless, this broad classification serves as a useful heuristic to
differentiate between models.

Perceptual Accounts of the Own-Group Biases
There is little doubt that face recognition is an expert human visual ability. A large
network of brain regions are involved in the processing of faces of which some appear to
be selectively dedicated to the processing of faces (Haxby, Hoffman, & Gobbini, 2002).
For the majority of participants, the fusiform gyrus (a small region within the superior
temporal cortex) appears to be recruited more for faces than objects, such as houses, stick
men, and aeroplanes9 (Kanwisher, McDermott, & Chun, 1997) and inverted faces
(Kanwisher, Tong, & Nakayama, 1998). This specialised neural architecture appears to
develop from around nine years of age (Aylward et al., 2005) and indicates that faces are
processed differently to objects (Piepers & Robbins, 2012). Perceptual accounts of the
own-group biases are based on the notion that the extensive experience with faces of
own’s own group leads them to be processed in an expert manner (Hayward, Crookes, &
Rhodes, 2013), whereas faces of other-groups are processed inexpertly. The way that
While these own-group biases are sometimes referred to as a ‘cross-group effect’, ‘other-group effect’ or an ‘ingroup bias’, the term own-group bias is preferred here because the bias does not always cross groups and that
this is a bias due to one's perception of one's own group rather than the effect of another group.
8
The own-ethnicity bias has been referred to as the own-race bias in previous studies. However, there is only one
human sub species (homo sapiens sapiens) and therefore it is a misnomer to refer to this as a racial bias. While
the term ‘race’ may be acceptable to refer to major anthropological groups, it is incorrect when referring to
ethnic groups (such as ‘Hispanic’ who are Caucasian and therefore the same race as ‘Whites’; see Valentine,
Lewis, & Hills, 2014).
9
In Kanwisher et al.’s (1996) original study on this, only 75% of their participants showed the selective recruitment
of the fusiform gyrus for faces.
7
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each perceptual model operationalises this expert processing depends on the
conceptualisation of the authors. Here, we review the main perceptual models of the owngroups biases: holistic encoding; face-space; and attentional allocation.

Differential Use of Holistic Encoding
Objects tend to be processed based on their features. Featural processing involves a
piecemeal processing of each feature in isolation (Tanaka, Kay, Grinnell, Stansfield, &
Szechter, 1998) and in serial order (Bradshaw & Wallace, 1971). Each feature has a
different level of salience or diagnostic value for recognition, with the eyes, nose, and
mouth contributing to recognition diagnosticity (Friedman, Reed, & Carterette, 1971).
Featural processing is typically contrasted with expert configural processing (Bruce,
Doyle, Dench, & Burton, 1991).
Maurer, Le Grand, and Mondloch (2002) highlight that configural processing is a
generic term used to describe three distinct processing types. Face detection (but not
discrimination) involves processing the basic arrangement of faces (first-order relations)
and is best tested using the face-inversion effect (Yin, 1969), in which faces are
selectively less accurately recognised when inverted compared to objects. Second-order
relational processing involves detecting and utilising the idiosyncratic differences in the
basic arrangement of the facial features to distinguish between faces (Diamond & Carey,
1986), but this is not the root of expert face processing, since severe distortions made to
the second-order relationships between features does not affect recognition (e.g., by
stretching the face; Hole, George, Eaves, & Rasek, 2002). Finally, holistic processing
occurs when the features of the face and their relationships are processed in parallel as a
gestalt (Rossion, 2008). Holistic processing is based on our visual experience (Carey, de
Schonen, & Ellis, 1992; Le Grand, Mondloch, Maurer, & Brent, 2001), typically
unconscious, and involves chunking (Newell & Simon, 1972), similar to many forms of
expertise and tacit knowledge (Wagner & Sternberg, 1985). It can be tested using the
composite face effect (Young, Hellawell, & Hay, 1987) and the parts and wholes test
(Tanaka & Farah, 1993).
Eye-tracking can also reveal different processing strategies (Bombari, Mast, &
Lobmaier, 2009), whereby focusing on the centre of a face indicates holistic processing.
The logic behind this is that with a few central fixations the whole face can be sampled
and the gestalt image extracted (Rossion, 2008) leading to accurate recognition (Hsaio &
Cottrell, 2008). The converse of this occurs during featural processing: participants make
more individual fixations to features with more inter-featural saccades (Schwarzer,
Humler, & Dümmer, 2005). Consistently, scanning pattern over faces can be manipulated
through task instructions: if participants are informed that holistic information is required,
they typically make more and longer central fixations than if featural information is
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required (Boutet, Lemieuz, Goulet, & Collin, 2017). Furthermore, children tend to show
more featural processing strategies when they view faces (Hills, Willis, & Pake, 2013).
Eye-movement strategies are more random when viewing inverted faces, starting in a less
diagnostic feature, involving shorter, more dispersed fixations, rather than a central
fixation (Hills, Sullivan, & Pake, 2012)10. Applying this theory to the own-group biases
means that own-group faces are processed more holistically than other-group faces.

Imprecise Face-Space
In the face-space model (Valentine, 1991), all encountered faces are stored within a
multidimensional space: each dimension represents a physiognomic characteristic used to
encode faces. Each face is stored according to its position on each dimension of the facespace (Lewis, 2004). Since face-space is based on Euclidean distances and the
dimensions of the space represent biological information, the distribution of data points
along each dimension is normal. The dimensions of face-space may reflect information
that helps categorise faces, featural information, absolute relational information, or
relative relational information.
Since the dimensions of face-space represent a biologically determined characteristic,
each dimension will have a different range of values along the scale. This scale
accurately represents the physiognomy of typically encountered faces (McKone, Aitkin,
& Edwards, 2005). People are covertly aware of these population deviation differences,
stored as implicit knowledge (Valentine, 1991).
Since the distribution of values along each dimension is normal, the distribution of
faces within the whole face-space is also normal: There are more faces clustered around
the centre of face-space than the periphery of the face-space, due to experience. Faces in
the centre of the space are the most typical (Valentine, 1991). Distinctive faces are stored
further away from the centre in a region that has fewer faces in it. If two faces cannot be
discriminated between easily, perceptual learning theory (Mundy, Honey, & Dwyer,
2007) suggests that people will focus on what differentiates the two and inhibit the
common elements (Hall, 1980), meaning that dimensions will be added to distinguish
between the most frequently encountered faces (Valentine & Endo, 1992). Coupled with
neuronal pruning (Nelson, 2001) that limits perceptual abilities to those items
encountered (Lewkowicz & Ghazanfar, 2006), face-space becomes more refined with
experience. Increased expertise allows for the perceptual system to ignore less relevant
information, creating a characteristically efficient expert processing style (Charness,
1981).
10

Some authors indicate that fixation patterns are similar for upright and inverted faces (Sekuler, Gaspar, Gold, &
Bennett, 2004; Williams & Henderson, 2007). However, these results may be contaminated by a small sample
size in which there may be participants who show a preference for a particular scanning strategy (Mehoudar,
Arizpe, Baker, & Yovel, 2014).
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Other-group faces do not vary consistently along the same dimensions as own-race
faces, due to the physiognomic differences between them. Thus, other-group faces will be
stored further from the centre of face-space (as they are not frequently encountered) but
clustered together because the dimensions are not appropriate to distinguish between
them. This makes them more difficult to distinguish from each other, but easy to
differentiate from own-group faces (Valentine & Endo, 1992). This was directly tested by
Papesh and Goldinger (2010) who used a multidimensional scaling (MDS) approach to
establish how participants group a set of highly controlled stimuli. Their participants
grouped two sets of faces separately but in densely clustered regions. These results
indicate that the dimensions used for face processing are diagnostic and appropriate for
own-group faces, but are less diagnostic for the processing of other-group faces (Hills &
Lewis, 2011a).

Undiagnostic Attentional Allocation
A third category of perceptual explanations of the own-group biases stems from the
allocation of attention when viewing faces. This theory relies on the fact that own- and
other-group faces differ in terms of their physiognomy, meaning that different features
have different discriminatory diagnosticity across ethnicities. People are implicitly (and
potentially explicitly) aware of these differences.
In order to encode the visual scene most effectively, attention is focused on the most
salient and informative areas (Saarinen & Levi, 1995). When viewing faces, this is
highlighted as attention directed toward the most diagnostic features for recognition. The
eyes have been found to be the most important facial feature for human face processing
(Haig, 1986) through a variety of methods: The eyes are the most frequently described
facial feature (Ellis, 1975); concealing the eyes impairs face reccognition (Gosselin &
Schyns, 2001); distortions made to the eyes are easier to detect than distortions to other
features (Hills, Young, Marquardt, & Goodenough, 2017); people with prosopagnosia
look less at eyes and more on the mouth when processing faces (Xivry, Ramon, Lefevre,
& Rossion, 2008); and when viewing faces, the eyes receive the most amount of fixation
(Althoff & Cohen, 1999; Arizpe, Kravitz, Yovel, & Baker, 2012) with the eyes typically
the first feature scanned (Sæther, van Belle, Laeng, Brennen, & Øvervoll, 2009).
While these results seem impressive and quite convincing there is one oversight:
most of these studies have been conducted on White participants. Indeed, Ellis (1975)
indicated that the features that help discriminate between White faces (the iris colour and
hair colour and texture) are not useful for discriminating between Black faces. Consistent
with this idea, Ellis, Deregowski, and Shepherd (1975) found that when Black and White
participants describe faces, they used different features. Shepherd and Deregowski (1981)
found that descriptions of Black faces involved face shape, lips, and broad noses (75%
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for Black faces compared to 35% for White faces) whereas descriptions of White faces
involved the hair (85% for White faces compared to 35% for Black faces).
These data led Hills and Lewis (2006, 2011) to propose that the own-group biases in
face recognition are due to participants focusing on the features of faces that are most
diagnostic to recognise faces of their own in-group. Due to faces of other groups having
different physiognomic variability in certain features, people do not focus on these
readily and this means that they are not recognised as accurately. People will perceive
other-group faces as more homogenous than own-group faces because the features
needed to accurately discriminate between them are not viewed (similar to the predictions
made by Valentine’s face-space models). Experience with other-group faces is vital to
reduce the own-group bias.

SOCIO-COGNITIVE MODELS OF THE OWN-GROUP BIASES
The perceptual theories can be contrasted with socio-cognitive models. Social
psychology tells us people give preferential processing toward in-group members than
out-group members (Perdue, Dovidio, Gurtman, & Tyler, 1990). Disregarding out-group
members indicates a cognitive miserlyness (Rodin, 1987) in which people only employ
additional cognitive resources to faces of people who are of one’s own-group. In order to
use fewer cognitive resources, people employ automatic stereotyping (Devine, 1989),
categorisation and heuristics leading to out-groups being perceived as more homogenous
than in-groups (Dasgupta, McGhee, Greenwald, & Banaji, 2000). Indeed, descriptions of
outgroups involve more trait references and generalisations (Harasty, 1997). When
participants are motivated to be accurate, they typically engage in more effortful slower
encoding and employ fewer heuristics (Forgas, 1995) and store individuating information
about other people (Fiske & Neuberg 1990). Given this basis, feature-selection theory
(Levin, 2000), and the in-group/out-group model (Sporer, 2001) were devised to explain
the own-group biases.

Feature-Selection Theory
Participants quickly process group status based on facial appearance (Dotsch,
Wigboldus, Langner, & van Knippenberg, 2008). Levin (1996) considered that the speed
that people classify others according to group status might reflect an area of expert
coding. This process contributes to the own-group biases: when participants see a face,
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they immediately classify the group that the face belongs to. The group11 is a feature. In
other words, participants classify a face as either other-group or not-other group given
that it is easier to process something according to the presence of a feature rather than the
absence of a feature (Treisman & Gormican, 1988). Own-group faces are then processed
in an individuating manner (Anthony, Copper, & Mullen, 1992) whereas other-group
faces are processed according to the facial features that identifies group membership. In
the case of ethnicity, features that indicate a face is from another ethnicity to oneself are
coded at the expense of features that differentiate between faces of that ethnicity.

In-Group/Out-Group Model
Sporer (2001) posits that once a face has been detected and classified as a face it is
classified according to its group status, similar to the race-as-feature theory. In-group
faces will be processed deeply, using the expert processing mechanisms employed for
face processing. In this way, Sporer integrates socio-cognitive theories of the own-group
biases with the perceptual models. Out-group faces are processed in a shallow non-expert
manner or are cognitively disregarded. In order for a face to be processed as an out-group
member, there must be something obvious about the face (such as a group classifying
feature) or the context (such as clothing or location).
Hugenberg, Young, Bernstein, and Sacco (2010) extended this into the
categorisation-individualisation model. In this model, three factors contribute to the owngroup biases: social categorisation, perceiver motivation, and perceiver experience with
other-group faces. When participants encounter a face, they categorise it according to
group and potentially engage in individuation for own-group faces but not other-group
faces, depending on whether they are motivated to do so. This individuation process still
requires perceptual expertise to be present in order to process other-group faces: Either
people must be aware of which facial features help to distinguish between faces of othergroups in order to successfully individuate them or will employ more holistic processing
according to their motivation levels (see also, Young, Hugenberg, Bernstein, & Sacco,
2012). This theory allows for the own-group biases to be based on different mechanisms
depending on the level of experience with processing those faces and the motivation to
individuate (Hugenberg, Wilson, See, & Young, 2013).

11

Levin (1996) described his theory as race-feature. However, if the own-group biases are all based on the same
mechanism, then this theory should be applicable to other group-biases, so in this section we refer to groupfeature.
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RESEARCH EVIDENCE FOR THE OWN-GROUP BIASES
Having described the main theories that purport to explain the own-group biases in
face recognition, we can now explore the empirical evidence to establish if any of the
theories are supported consistently. In order to do this, we have separated out the
different group biases and attempt to relate each empirical finding to a theory.

The Own-Ethnicity Bias
The most researched of all of the own-group biases is that of the own-ethnicity bias.
This is where participants are able to recognise faces of their own ethnicity more
accurately and faster than faces of other ethnicities (Meissner & Brigham, 2001). Many
authors report that this effect is reliable across different ethnicities (Brigham & Malpass,
1985), though some authors report that the effect is stronger in White participants relative
to Black (Cross Cross, & Daly, 1971; Gross, 2009), Turkish (Sporer & Horry, 2011),
Indian-Malaysian (Wong, Keeble, & Stephen, 2015), and East Asian participants
(Valentine & Endo, 1992).
In tests of the own-ethnicity bias and perceptual expertise, Hugenberg and Corneille
(2009) reported the composite face effect is smaller in other-ethnicity faces than ownethnicity faces whether these faces are truly representative of own- and other-ethnicities
or are ambiguous and categorised as own- and other-race by the participants (Michel,
Corneille, & Rossion, 2007). The parts and wholes test data is consistent with the
interpretation that other-ethnicity faces are coded with less holistic processing than ownethnicity faces (Michel, Caldara, & Rossion, 2006), although the parts and wholes effect
is only observed when testing the eyes (DeGutis, Mercado, Wilmer, & Rosenblatt, 2013).
The face-inversion effect is smaller for other-ethnicity faces relative to own-ethnicity
faces (Sangrigoli & de Schonen, 2004) and this interacts with the level of contact that
someone has with faces of another ethnicity (Hancock & Rhodes, 2008).
Cross et al. (1971) found that the own-ethnicity bias was larger in White children that
lived in ethnically-secregated neighbourhoods compared to children that lived in
desegregated neighbourhoods. Self-reported contact with people from other races reduced
the own-ethnicity bias (Brigham, Maass, Snyder, & Spaulding, 1982, but see Brigham &
Barkowitz, 1978). Chiroro and Valentine (1995) found that the own-ethinicity bias was
larger in White British and Black Zimbabwean participants from villages with less otherethnicity contact than participants from cities with higher other-ethnicity contact. Sporer
and Horry (2011) reported that Turks living in Germany recognised German and Turkish
faces equally well, but German participants showed a recognition advantage for German
faces relative to Turkish faces. Similar results were obtained in White and Asian
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participants living in the UK by Walker and Hewstone (2006). Experience is therefore a
critical factor in the own-ethnicity bias.
There are many sources of information that highlight the relevance of certain features
that are diagnostic in the recognition of different groups of faces. Asian and White
participants use shape and surface cues to recognize own-ethnicity faces differently and
continue to use these cues when recognising other-ethnicity faces even if it is a
suboptimal strategy (Michel, Rossion, Bülthoff, Hayward, & Vuong, 2013). Instructing
(or training) participants to individuate other-ethnicity faces (Tanaka, Heptonstall, &
Hagen, 2013; Young, Bernstein, & Hugenberg, 2010) and focus on the features that
individuate among faces of other races reduces the own-ethnicity bias (Baldwin, Keefer,
Gravvelin, & Biernat, 2013; McGugin, Tanaka, Lebrecht, Tarr, & Gauthier, 2011). This
individuation training is more effective for people who have significant other-ethnicity
contact (Young & Hugenberg, 2012). Perceptual discrimination training can reduce the
own-ethnicity bias (Elliott, Wills, & Goldstein, 1973) especially if it focuses on otherethnicity diagnostic features (Hills & Lewis, 2006; Lavrakas, Buri, & Mayzner, 1976).
Sad White people who view other-ethnicity diagnostic facial features show a small ownethnicity bias (Hills et al., 2017). These results support the attentional allocation model.
Similarly, eye movement studies reveal that people of different ethnicities will fixate
on different features: East Asian participants tend to fixate on the centre of a face more so
than the individual features, whereas White European participants tend to fixate on the
eyes (Blais, Jack, Scheepers, Fiset, & Caldara, 2008; Miellet, Vizioli, He, Zhou, &
Caldara, 2013; Tan, Stephen, Whitehead, & Sheppard, 2012); Black African participants
tend to fixate on the nose, whereas White European participants tend to fixate on the eyes
(Hills, Cooper, & Pake, 2013a; Hills & Pake, 2013). While this evidence seems
convincing, a number of research teams have found the opposite effect, in which people
view own- and other-ethnicity faces differently (Arizpe et al., 2012; Hu, Wang, Fu,
Quinn, & Lee, 2014; Or, Peterson, & Eckstein, 2015). Eye movement scanning over
own-race faces is characterised by more active scanning (Goldinger, He, & Papesh, 2009;
Wu, Laeng, & Magnussen, 2012). Active scanning involves shorter fixations with more
frequent fixations. This type of scanning behaviour is usually associated with inexpert
featural coding (Bombari et al., 2009). Furthermore, pupilometry data indicated more
effortful encoding was employed for other-ethnicity faces. While these data may indicate
different processing for own- and other-ethnicity faces, this pattern indicates more effort
is used to process other-ethnicity faces which is not predicted by the in-group/out-group
model nor the group-as-feature theory (nor any other theory).
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The Own-Gender Bias
Similar to the own-ethnicity bias, the own-gender bias is indicated by superior
recognition of faces of one’s own gender relative to the other gender (McKelvie, 1987).
While on the surface, the own-gender bias appears similar to the own-ethnicity bias, there
are some critical differences. Firstly, the bias is highly assymmetrical, with the bias found
in women but not in men (Lovén, Herlitz, & Rehnman, 2011; Rehnman & Herlitz, 2006,
2007) - only a handful of studies finding the full crossover bias in both men and women
(Ellis, Shepherd, & Bruce, 1973; Wright & Sladden, 2003). This asymmetry was
confirmed in a meta-analysis (Herlitz & Lovén, 2013). The own-gender bias occurs for
own- and other-ethnicity faces equally.
Similar to the own-ethnicity bias, experience contributes to this bias: extensive early
perceptual experience with female faces (Leeb & Rejskind, 2004), coupled with more
intense developmental interactions with females leads to increased expertise for female
faces (Osofsky & O’Connell, 1977; Rennels & Davis, 2008). The reason why boys do not
show this bias is that the early perceptual experience with female faces is overridden by
experience with male faces, but not to the extent to reverse the expertise (Cross et al.,
1971; Feinman & Entwisle, 1976; Ge et al., 2008).
Eye-tracking has been used to establish the role of holistic processing in the owngender bias. Heisz, Pottruff, and Shore (2013) found that women allocated more attention
towards female eyes compared to male eyes (see also Man & Hills, in press). This is
more indicative of expert featural coding (due to fixating on the diagnostic features)
rather than holistic processing. To the authors’ knowledge, no comparison has yet been
made for own-gender effects in the composite face task or the parts and wholes task.
Relating to Valentine’s (1991) face-space and Hills and Lewis’ (2006) attentional
allocation account of the own-group biases, the suggestion that female faces differ in
terms of their physiognomy to male faces is quite limited. There is evidence for
secondary sexual characteristics to be useful to characterise faces according to their
gender (such as size of the Adam’s apple and presence of stubble), but these do not relate
to diagnostic features for recognition.
In a test of a categorisation account of the own-gender bias, Rehnman and Herlitz
(2007) found an own-gender bias for the recognition of androgynous faces labelled as
‘male’, ‘female’, or ‘faces’. This indicates that the label encourages female participants to
attend to or encode more deeply own-gender faces than other-gender faces. The owngender bias therefore appears to be based on a categorisation account rather than
perceptual expertise.
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The Own-Age Bias
Superior recognition for faces of one’s own age relative to faces of other ages has
been reported (Anastasi & Rhodes, 2006; Wiese et al., 2013). This own-age bias is
somewhat more inconsistent than the own-ethnicity bias: Rhodes and Anastasi’s (2012)
meta-analysis found that the own-age bias was found to be more reliabile in younger
adults than older adults and children.
The own-age bias (unlike the own-ethnicity bias) is highly flexible. In a
developmental study, Hills (2012) showed that children were able to recognise faces of
their own school year group more accurately than those one or two years older or
younger every year they were tested. The category of face that is own-age changes with
one’s own age (Anastasi & Rhodes, 2012), and the bias follows. The age category is
more fluid than the categories of ethnicity and gender especially during childhood.
Relatedly, the type of face that people interact with most frequently changes with age.
Younger children and older adults interact more with young adults, whereas school-age
children and young adults interact with own-age peers more so than other-age peers.
Experience is a critical factor in the magnitude of the own-age bias (Chance,
Goldstein, & Andersen, 1986). Harrison and Hole (2009) tested newly qualified teachers
in the recognition of children’s and adult faces. They found that teachers who had been
teaching for more than a year showed a much reduced own-age bias relative to agematched control participants. Similar results were obtained from Macchi Cassia, Picozzi,
Kuefner, and Casati (2009) in preschool teachers recognition of babies’ faces. The ownage bias has been found in own-ethnicity faces, but not other-ethnicity faces (Wiese,
2012). These results clearly indicate that experience is a major factor in the own-age bias.
Directly testing the account that the own-age bias is based on configural processing,
Hills and Lewis (2011b) have shown a larger face-inversion effect for own-age faces
relative to other-age faces. Furthermore, in teachers, preschool teachers, and maternity
ward nurses who showed superior recognition for children, baby, and infant faces
respectively, the face-inversion effect was present for other-age faces (Harrison & Hole,
2010; Macchi Cassia et al., 2009). Furthermore, the composite face effect was found to
be larger for own-age faces relative to other-age faces, except in participants who had
experience with other-age faces (Susilo, Crookes, McKone, & Turner, 2009). Perceptual
expertise mechanisms are employed for own-age faces rather than other-age faces,
though the parts and wholes test has not been conducted in relation to the own-age bias.
Eye-tracking has shown that own-age faces tend to be looked at more than other-age
faces (Ebner, He, & Johnson, 2011) indicating a preference for these faces (Freebody &
Kuhn, 2016). Specific scanning differences have been noted when viewing own- and
other-age faces: more transistions between the key internal features (Firestone et al.,
2007) and increased fixation to the eyes (Hills & Willis, 2016). These eye movement
differences for own- and other-age faces do not correspond to differential processing (in
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terms of holistic versus featural) but rather a change in the level of interest (Hills &
Willis, 2016). This indicates motivational and perceptual accounts are partially supported
for the own-age bias.

The Own-Sexuality Bias
People are better able to recognise faces of their own sexuality than other sexualities
(Ambady, Hallahan, & Conner, 1999; Johnson & Ghavami, 2011). This bias is slightly
more unusual from the previous ones described because it is based on less obvious
physical features (Rule, 2016). Indeed, while there are stereotypes regarding what gay
and lesbian people look like and these are used by people to judge sexuality (Valentova,
Kleisner, Havlíček, & Neustupa, 2014), there is little evidence to suggest that such
judgements are accurate (Freeman, Johnson, Ambady, & Rule, 2010).
Familiarity with people of other sexualities reduces the own-sexuality bias
(Brambilla, Riva, & Rule, 2013), indicating that experience is a factor in the ownsexuality bias, consistent with the face-space and attentional allocation models of the
own-group biases. However, there has not been any work exploring the face-inversion
effect, parts and whole test, the composite face task, nor eye-movement studies, in the
own-sexuality bias. Therefore, we are not able to state whether perceptual expertise is
involved in the own-sexuality bias.
Judgement of male sexuality in women is also improved when women are in the most
fertile part of their ovulation cycle (Rule, Rosen, Slepian, & Ambady, 2011), indicating
the importance of motivation. Rule, Ambady, Adams, and Macrae (2007) investigated the
influence of the accuracy of sexuality categorisations on the own-sexuality bias. They
found that the way that participants classified faces as either gay or straight affected the
accuracy with which they were recognised. If participants classified them as own
sexuality they tended to recognise them more accurately. These results clearly indicate
that it is the categorisation process that is vital in causing the own-sexuality bias.
On the surface, work on the own-sexuality bias provides strong evidence for the
socio-cognitive models of the own-group biases. However, the research has not yet
specified exactly how enhanced processing of own-sexuality faces is accomplished.
Moreover, much of the work comes from a single laboratory and external replications
have not always been successful (Lyons, Lynch, Brewer, & Bruno, 2014).

Other Own-Group Biases
The biases described thus far could all be based on physiognomic variability
differences between classes of faces. However, there are a class of own-group biases that
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are not based on such phsyiognomic variability differences. Participants are more likely
to recognise faces that share religious beliefs (Rule, Garrett, & Ambady, 2010) and
political affiliations (Ray, Way, & Hamilton, 2010). While these may be the result of
different physiognomy of faces of different religions or political affiliations (Rule &
Ambady, 2010), such physiognomic differences are unlikely to be as obvious as other
categories (such as ethnicity, gender, and age, Alaei & Rule, 2016).
Bernstein, Young, and Hugenberg (2007) described a set of faces as either being at
the same university as the participants in the study or from a different university (by
surrounding them in coloured boxes). Participants showed superior recognition to faces
of their own university than faces from another university. A similar result was observed
by creating minimal groups, by telling participants they were part of a ‘red’ or ‘green’
group and presenting faces of the same or different group. Participants recognised faces
of their allocated group more accurately than faces of the other group.
These results have been replicated using different experimentally-induced groups
such as a team (Van Bavel & Cunningham, 2012), socio-economic status (Shriver,
Young, Hugenberg, Bernstein, & Lanter, 2008), or personality (Young, Bernstein, &
Hugenberg, 2010). Indeed, Van Bavel and Cunningham (2012) have indicated that the
strength of group identification is related to the magnitude of the resulting own-group
recognition bias. Given that the physiognomic variability of the own-group and the othergroup faces does not differ, any model of the own-group biases that involves processing
something in the face to aid in the coding cannot explain these data. Therefore, these
results are inconsistent with the face-space, attentional allocation, and group-as-feature
theories of the own-group biases. However, research evidence exploring the nature of
how own-group faces are processed more accurately than other-group faces has not been
forthcoming (i.e., is it due to increased holistic processing, deeper encoding?).

INDIVIDUAL AND CROSS-CULTURAL VARIABILITY
IN THE OWN-GROUP BIASES
The summary in the preceding sections should immediately reveal a number of
consistencies among the various biases but also some key differences. There are also
clearly several missing pieces of evidence with respect to the mechanisms that explain
the own-group biases. Many of the issues and inconsistencies revolve around the
methodological choices that researchers have made, in addition to the often ignored
individual differences in the own-group biases.
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Individual Differences in the Own-Group Biases
One key methodological issue may result around cohort effects. Few studies compare
multiple biases in the same study. This might mean that while the different biases might
be based on different mechanisms, it might be subtle methodological issues that cause the
different results. In studies that combine various group biases, it has been found that
multiple biases can be present in the same participant. However, the biases are not
additive in some studies: Wiese (2012) found that own-age-own-ethnicity faces were
recognised significantly more accurately than other-age and other-ethnicity and both
other-age-other-ethnicity faces, which were all recognised at an equivalent level. Such
findings are consistent with an in-group/out-group model as there is little evidence for
graded group categorisation (only that group categorisation is contextual). However,
Rehnman and Herlitz (2006) found contrasting results, in that the effect of age and
ethnicity added to the effect of gender in the own-group biases. This pattern is
inconsistent with an in-group/out-group model but rather one involving perceptual
expertise. It is difficult to reconcile the differences in these two studies given similarities
in the methods. It may therefore be that the specific ethnicities and ages tested in the
studies might explain these patterns (but we do not have a theory as to why or how).
Contextual effects can also significantly affect the own-group biases. Historical and
politial contexts influence the role of overt personality factors (such as prejudice) in
moderating the own-group biases: Meissner and Brigham (2001) found that the
moderating effect of prejudice on the own-ethnicity bias was present in work conducted
in the 1970s but not in work conducted in the 1990s. The reverse was found for the
moderating effect of contact. This might reflect changing political attitudes, amount of
contact, and also the increased difficulties in measuring overt prejudice.
The political context influences the amount of prejudice toward other-groups,
however prejudice does not seem to relate to the own-group biases (Ferguson, Rhodes,
Lee, & Sriram, 2001; Walker & Hewstone, 2006a). Experience does seem to relate to the
magnitude of the own-group biases and this may be affected by prejudice. Experience
with faces of other groups provides the knowledge of what facial features are most
diagnostic in discriminating between other group faces (e.g., Carroo, 1987). If this
experience is early, it allows for the ability to process other-group faces to re-emerge
later in life (Macchi Cassia et al., 2009). Experience is not the only factor, however, as
indicated by two pieces of evidence. Firstly, the other own-group biases not based on
physiognomic differences cannot be based on experience. Secondly, the sheer amount of
contact and experience does not reduce the size of the own-group biases, but rather the
quality of that experience in which individuation is desired or required (Walker &
Hewstone, 2006a). This explains why some studies have failed to show an effect of
contact on the own-ethnicity bias (Brigham & Barkowitz, 1978).
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There are other cognitive individual correlates of the own-group biases. Slone,
Brigham, and Malpass (2000) found a relationship between the Rey-Osterrieth Complex
Figure test (a measure of perceptual organisation) and the magnitude of the own-ethnicity
bias. Face processing and the own-ethnicity bias were not related to working memory (as
measured by the digit span) nor academic performance (measured by the SAT). This
suggests that expert face processing is related to expert perceptual organisation and this
ability is not applied to other-group faces. However, this effect has thus far only been
reported for the own-ethnicity bias and not the other-group biases.
One final individual difference variable worth considering is age. There have been
many studies investigating the development of the own-group biases and the results that
have been obtained are quite mixed. Feinman and Entwisle (1976) have demonstrated a
significant own-ethnicity bias in children as young as 6-years of age in hit rate (see also
Pezdek, Blandon-Gitlin, & Moore, 2003). Using more powerful research designs, other
researchers have demonstrated a smaller own-ethnicity bias in 7-year old children relative
to 11-year old children (Goodman et al., 2007), a smaller own-ethnicity bias in children
younger than 13-years relative to older children (Chance, Turner, & Goldstein, 1982),
and a smaller own-ethnicity bias in primary school age children (6-11 years) than
secondary school age children (12-15 years) and adults (Walker & Hewstone, 2006b).
One difficulty in assessing these data is that while they assess the own-ethnicity bias,
they used faces that would have caused the own-age bias. This means that it is difficult to
assess how the own-group biases develop.

Cross-Cultural Effects in the Own-Group Biases
There have been rather few studies exploring cross-cultural differences in the owngroup biases. In the context of the own-ethnicity bias, there have been studies that
explore the bias in groups of participants across nationalities. These studies typically find
that the own-ethnicity bias is stronger in White participants relative to Black (Gross,
2009) and East Asian (Valentine & Endo, 1992) participants as described earlier. Most
authors put this pattern of results down to contact suggesting that the popularity of British
and American media exposes many people across the globe to White faces. Indeed, when
testing people with less exposure to this type of media, Chiroro and Valentine (1995)
have shown that the bias is as strong in Black participants. However, these results do not
tell us much about whether the mechanisms of the biases differ across cultures.
In the own-ethnicity bias section, we described how studies might indicate eyemovement differences when looking at own- and other-ethnicity faces (Goldinger et al.,
2009) or not (Miellet et al., 2012). Studies indicating no eye-movement differences when
viewing faces of one’s own-group versus others’ do indicate effects of observer due to
their cultural background. Participants from more collectivist cultures (that typically
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employ more holistic processing cognitively, Masuda & Nisbett, 2001) tend to view faces
with central fixations, extracting information from low spatial frequencies (Miellet,
Vizioli, He, Zhou, & Caldara, 2013), indicating a reliance on holistic information. Such
holistic processing has been revealed in eye movements during scene perception as well
(Chua, Boland, & Nisbett, 2005). Participants from individualistic cultures, on the other
hand, tend to focus on individual features more so and extract higher spatial frequency
information in order to make recognition judgements (Tan, Stephen, Whitehead, &
Sheppard, 2012). Indeed, Tanaka, Kiefer, and Bukach (2004) have indicated that East
Asian participants utilise holistic processing for both own- and other-ethnicity faces,
mirroring the differences in experience with other-ethnicity faces. When forced to view
faces with a limited gaze-contingent spotlight, both collectivist participants and
individualist participants tend to show similar gaze patterns (Caldara, Zhou, & Miellet,
2010), indicating the ability to use both information-gathering strategies as required
(Miellet, Caldara, & Schyns, 2011).
The conflict regarding whether there are eye-movement differences in viewing othergroup relative to own-group faces may be the result of the analysis technique employed
(Arizpe, Kravitz, Walsh, Yovel, & Baker, 2016). However, there may be other reasons
relating to the context that the work was undertaken. For example, the finding that the
own-ethnicity bias is not related to scanning differences across own- and other-ethnicity
faces has been conducted by French and British research teams: countries with high
degrees of ethnic integration. The research finding differences in scanning when viewing
own- and other-ethnicity faces has been conducted in the USA, Israel, and Norway:
countries with lower degrees of ethnic integration. Therefore, even if studies use the same
methods, political and sociological differences may explain inconsistencies in the
research literature. Such findings imply that the own-ethnicity bias might be due to
different mechanisms in participants of different cultures. Indeed, in studies in which the
own-ethnicity bias is tested in multiple groups of participants, the patterns of behavioural
performance and eye movements does depend on the group (Keeble, Wong, & Stephen,
2016; Wong et al., 2015). Such results could be due to differences in contact, experience,
or different mechanisms of the effect in different groups. Such a hypothesis has not been
tested, but should be considered when considering the own-group biases.

CONCLUSION
The own-group biases are a reliable effect in face recognition. There are several
theoretical models that explain the own-group biases: some purport to explain all of the
biases assuming that they are all based on the same mechanisms. However, the empirical
data does not fully fit with any theory. Therefore, more theoretical refinement is required
or an acceptance that the biases may not be based on the same explanation. Similarly, we
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have described some evidence to suggest that there is individual variability in the owngroup biases that has not been fully researched or incorporated into theory as yet. These
are some avenues for future research into the own-group biases.
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