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Abstract
When viewing unfamiliar faces, photos of the same person often are perceived as
belonging to different people and photos of different people as belonging to the same
person. Identity matching of unfamiliar faces is especially challenging when the photos
are of a person whose ethnicity differs from that of the observer. In contrast, matching is
trivial when viewing familiar faces, regardless of race. In a 1-in-30-lineup task in which
participants are asked to find the image of a target from an array of 30 identities, viewing
multiple images of an own-race target improves performance, reflecting rapid
familiarization (Dowsett et al., 2016). Here, participants were asked to find an other-race
target from an array of 30 images, and participants’ performance on this task was
observed as they were provided with additional images of each other-race target. I report
rapid familiarization when the target was known to be present (Experiment 1) but not
when both target-present and target-absent trials were included in the task (Experiment
2). Viewing multiple images of a target-absent identity provided no benefit in reducing
false alarms. Although a possible route to familiarization with other-race faces, my
findings suggest caution for the use of multiple images in applied face verification
settings.
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Verifying other-race identity in forensic settings: Increasing tolerance for variability in
appearance
Matching faces to photographs is heavily relied upon in many applied settings. It
is used as a method of identity verification when crossing international borders, obtaining
official documents, and buying age-restricted goods. When matching identity, the
perceiver is faced with two distinct challenges: discrimination and recognition. The
perceiver needs to be able to discriminate between identities in order to detect instances
where the photo ID does not match its bearer. Perceivers also need to be able to recognize
an identity despite natural variability in appearance. This could involve detecting that the
photo ID is valid even after several years of aging or changes in makeup and hairstyle.
Despite technological advancements in facial recognition software, these systems are not
yet entirely automatic and therefore, human observers are often still required to interpret
the output and make the final matching decision in forensic face verification settings
(White, Dunn, Schmid & Kemp, 2015). This reliance on human perceivers to verify
identity by matching faces is problematic, as humans are highly error-prone at performing
this task.
Checking photo identification may seem like an effective method of identity
verification because matching faces to photographs seems like a trivial task. This is
because we are experts at recognizing familiar faces (Bruce, 1982; Burton, Wilson,
Cowan & Bruce, 1999). We can all easily tell our family members, friends or favourite
celebrities apart from individuals who look similar to them, and we can also recognize
these familiar people despite changes in their appearance. Familiar face recognition is
robust and high accuracy persists despite distortions to the face and poor viewing
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conditions. Hole, George, Eaves, and Rasek (2002) compared participants’ recognition
accuracy of unaltered celebrity faces to distorted versions of these faces. Accuracy was
not influenced by stretching the face vertically, and minimally influenced by stretching
the face horizontally. Further, in a study by Burton et al. (1999), participants viewed
video clips from closed-circuit television (CCTV) footage. The people captured on the
CCTV footage were lecturers personally familiar to one group of participants and
unfamiliar to the other. After viewing the videos, participants were shown high-quality
images and asked to indicate whether each person had appeared in one of the videos.
Participants unfamiliar with the people in the videos performed poorly on the recognition
task. However, participants who were familiar with the people in the videos performed
almost perfectly, despite the poor quality of the CCTV footage.
However, in applied settings, faces are typically unfamiliar and recognition of
unfamiliar faces is highly error-prone (see Burton & Jenkins, 2011 for review). Error
rates of up to 30% have consistently been reported in laboratory tasks that mimic realworld identity verification tasks. These error rates are found regardless of whether
participants are asked to match an image to a nearly identical photo (Bruce et al., 1999;
Bruce, Henderson, Newman & Burton, 2001; Burton, White, & McNeill, 2010; Megreya
& Burton, 2006; 2008; Megreya, Sandford & Burton, 2013) or to a live person (Kemp,
Towell, & Pike, 1997; Megreya & Burton, 2008). Kemp et al. (1997) conducted a study
using real cashiers in a supermarket. At the time, the United Kingdom had just begun to
introduce credit cards that included photographs of the bearer. Therefore, cashiers needed
to be able to verify that the image on the credit card matched the person making a
purchase in order to avoid credit card fraud. Undergraduate students were asked to act as
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real shoppers presenting their credit cards when making a purchase. For half of the
transactions, the bearer matched the picture on their credit card, and for half they did not.
Cashiers were asked to decide whether they would accept each credit card. Over 50% of
fraudulent cards were falsely accepted and about 10% of valid cards were falsely rejected
by cashiers, suggesting that even individuals highly motivated to detect fraud are poor at
matching faces to photographs.
Surprisingly, even professionals trained to use photographs to verify identity on a
daily basis are highly error-prone at matching unfamiliar faces. In a study by White,
Kemp, Jenkins, Matheson, and Burton (2014) the matching ability of passport officers
was compared to that of untrained undergraduate students. Both groups of participants
viewed two images and were asked to complete the task faced by passport officers: to
decide whether the two images were of the same person or of two different people.
Participants also completed this task comparing a live person to an image. Across both
tasks, high error rates were found, with passport officers demonstrating similar matching
ability to that of untrained students. Further, passport officers’ length of employment did
not predict their face matching ability, suggesting that even highly experienced passport
officers are highly error-prone. These results demonstrate the importance of investigating
ways in which unfamiliar face matching can be improved in forensic face verification
settings.
Recognition When Facial Appearance Varies Naturally
In the vast majority of studies examining unfamiliar face matching, the images
used were tightly controlled (e.g., taken with the same camera, from the same distance,
under identical lighting conditions and with neutral expressions). When unconstrained
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images that capture natural variability in appearance (e.g., changes in lighting, viewpoint,
expression, makeup etc.) are used, error rates increase (Megreya et al., 2013; see Burton,
2013). Indeed, even modest variability—variability that results from taking two images
under the same conditions but several months apart—increases error. Megreya and
colleagues asked participants to find a target from a lineup of 10 images in which the
target image and the correct image in the lineup were either captured on the same day or
several (M= 17.2) months apart. Accuracy was significantly lower for images taken
months apart than for images taken on the same day. Specifically, for images taken
months apart, participants only correctly selected the target 58% of the time on targetpresent trials (i.e., hits) compared to 79% of the time for images taken on the same day.
Further, misses (incorrectly indicating the target is missing from the lineup) and
misidentifications (incorrectly selecting one of the distractors in the lineup) rose from
11.3% and 9.7% respectively for images taken on the same day to 27.7% and 13.7%
respectively for images taken months apart. This significant increase in error rates was
found despite the fact that these stimuli were still highly controlled (i.e., all captured from
the same viewpoint with the same neutral expression).
Error rates increase further when using images that capture the type of natural
variability in appearance that is encountered in the real word; the first examination of this
was conducted by Jenkins, White, Van Montfort and Burton (2011). In this study,
participants were asked to sort 40 ‘ambient images’ (images that incorporate
unconstrained variability in appearance) into piles such that each pile included all of the
photos of one identity. Participants were unaware that the 40 images belonged to only
two people (20 images each). Participants familiar with the identities correctly made two
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piles; participants unfamiliar with the identities made an average of seven piles. This
means that they perceived there to be seven different identities, instead of just two.
The impact of such errors is clearly evident in eyewitness identification, in which
the suspect’s appearance can vary significantly from the witness’s memory. The
Innocence Project is an organization formed to help exonerate individuals wrongfully
convicted of crimes. Misidentification errors (i.e., identifying someone from the lineup
who was not the perpetrator) contributed to the false incarceration of about 75% of over
300 people exonerated so far by The Innocence Project (Innocence Project, 2016).
Therefore, it is imperative that we understand the process by which a face goes from
being unfamiliar to familiar in order to inform protocols to facilitate accurate recognition
of unfamiliar faces.
Difficulty in recognizing unfamiliar faces in ambient images results from
unfamiliar face representations being based largely on lower-level image properties
(reviewed in Hancock, Bruce & Burton, 2000; Young & Bruce, 2011). Even slight
changes in image properties such as lighting conditions, viewpoint, facial expression and
aesthetics make it difficult to recognize an unfamiliar face. This means that unfamiliar
face representations are specific to the particular instance in which the image was
captured or the conditions under which a new person was encountered and thus a change
in image appearance is perceived as a change in identity. In contrast, familiar face
representations are robust and unaffected by variation in appearance (see Burton, 2013).
This suggests that building robust representations of newly encountered faces facilitates
the process by which these faces become familiar.
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Several studies suggest that although within-person variability in appearance
makes unfamiliar face matching more challenging, it might also be the route by which a
face becomes familiar (Andrews, Jenkins, Cursiter & Burton 2015; Bindemann &
Sandford, 2011; Dowsett, Sandford & Burton, 2016; Menon, White & Kemp, 2015b;
Ritchie & Burton, 2017). In Ritchie and Burton’s (2017) study participants learned 10
images of 20 people; each set of images contained either high or low variability in
appearance. In a subsequent recognition task, in which new images of these identities
were presented, recognition accuracy was higher in the high-variability condition. In
Dowsett and colleagues’ (2016) study participants were asked to identify a target in a 30image lineup. Participants were first provided with one image of the target. An additional
photo was added on each trial until participants simultaneously viewed six images of the
target identity. To investigate whether any learning was identity-specific, or transferred
across identities, participants completed this task with three different target identities.
Accuracy increased as images were added. Additionally, the observed learning was
identity-specific; exposure to the ways in which one target identity varied did not
improve recognition of subsequent identities. This is consistent with findings suggesting
that within-person variability in appearance is idiosyncratic in nature (Young & Burton,
in press). Collectively these studies show that abstract representations of an identity
emerge as new exemplars of that identity are encountered (White, Burton et al., 2014).
That variability is a route to learning is consistent with developmental theory. In
particular, variability seems to play a significant role in the perceptual development of
face recognition, as well as spoken word recognition (i.e., in language development;
Watson, Robbins & Best, 2014). Processing spoken language involves balancing the
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same two challenges associated with face perception: discrimination and recognition. For
example, when we hear the word “bed” spoken, we need to be able to perceive that it is
different from when the word “red” is spoken, despite the words sounding quite similar.
We also need to be able to recognize the word “bed” across variability in the way that it
is spoken (e.g., when spoken by a speaker with a different accent or tone of voice).
Watson and colleagues (2014) suggest that a common principle of face and language
recognition during development is the importance of exposure to variability during the
process of perceptual narrowing. Perceptual narrowing occurs to tune the perceptual
system to stimuli relevant to the environment (e.g., to faces of our own-race and speech
sounds of our native language). Exposure to variability during this process tunes the
system to better recognize relevant stimuli across natural variability in the future. For
example, children are better able to learn new words when spoken by multiple different
speakers (Watson et al., 2014). Therefore, exposure to variability may be crucial to
optimal perceptual learning.
Variability has also been shown to provide optimal training of perceptual
expertise with objects (Gonzalez & Madhavan, 2011; Hussain, Bennett, & Sekuler,
2012). In a study by Gonzalez & Madhavan (2011), participants were trained to detect
potentially dangerous objects in one of two training conditions. Participants in the low
variability group were trained on five dangerous items all from the same category (e.g.,
five knives), while participants in the high variability group were trained on five items
from all different categories (e.g., a knife, a gun, etc.). Participants then completed a task
meant to simulate luggage going through a security scanner in which they were asked to
detect novel dangerous objects. Compared to participants in the low variability group,
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participants exposed to high variability training were significantly more accurate at
identifying novel dangerous objects.
Recognition of Other-Race Faces When Facial Appearance Varies Naturally
Here, I investigated whether exposure to within-person variability in appearance
might offer a partial solution to an especially poignant and all too common scenario:
when errors are multiplied because the person making the identity decision is of a
different ethnicity than the person in question. Across numerous paradigms other-race
faces are remembered less well than own-race faces (Meissner & Brigham, 2001). This
has been demonstrated in old/new recognition tasks in which participants study a series of
faces and are later asked to recognize previously seen faces intermixed with novel faces
(e.g., Golby, Gabrieli, Chiao, & Eberhardt, 2001; MacLin & Malpass, 2001; Wright,
Boyd, & Tredoux, 2003), as well as in tasks in which participants are asked to identify a
target in a lineup from memory (e.g., Evans, Marcon, & Meissner, 2009; Jackiw,
Arbuthnott, Pfeifer, Marcon, & Meissner, 2008; Meissner, Tredoux, Parker, & MacLin,
2005). This phenomenon is also quite evident in the real world; in a disproportionate
number of the cases in the Innocence Project, cross-race identification was a contributing
factor to wrongful conviction (Innocence Project, 2016).
Although commonly posed as a problem of impaired memory for other-race faces,
the other-race effect (ORE) is also evident when memory demands are limited. The ORE
is evident in 1-to-1 matching tasks in which participants are presented with two images
and asked to decide whether they belong to the same person or to two different people
(Meissner, Susa & Ross, 2013; Mondloch et al., 2010). The ORE has also been
demonstrated in lineup tasks in which the memory component is all but eliminated
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(Megreya, White & Burton, 2011). For example, in a study by Megreya et al. (2011), UK
and Egyptian participants were simultaneously presented with a target face and an array
of 10 images and were asked to find that target in the lineup. This type of task minimizes
memory demands, as participants can visually scan back and forth between the target
image and the 10 images in the lineup. Both UK and Egyptian target identities were
used, creating both own-and other race trials for all participants. The results demonstrated
that even with low memory demands, the other-race effect persists; participants were
more accurate at recognizing and correctly rejecting own-race targets compared to otherrace targets. This suggests that the ORE may arise during the perceptual encoding of
other-race faces, and therefore exposure to within-person variability at that stage may be
beneficial.
The studies described above have characterized the ORE as a problem of
discrimination. Using one or two tightly controlled images per identity precludes
investigating an equally important challenge: recognizing the same person across changes
in appearance. Recognizing identity in ambient images is especially challenging for
other-race faces (Laurence, Zhou & Mondloch, 2016; also see Hayward, Favelle, Oxner,
Chu & Lam, 2017). Laurence and colleagues (2016) used Jenkins et al’s (2011) sorting
task in which participants sort 40 ambient images into piles based on identity; they
provided the first test with both own-and other-race faces. Participants made nearly twice
as many piles when sorting other- compared to own-race faces. Interestingly,
misidentification errors (i.e., failing to discriminate between identities) were rare. The
errors most commonly made by participants were creating too many piles (i.e. failing to
recognize the same person across natural variability in appearance), a challenge that has
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been largely ignored in past research using only one or two images to represent an
identity. Although matching unfamiliar faces across variability in appearance is
especially challenging when faces are unfamiliar, the ORE disappears when a face is
highly familiar. Zhou & Mondloch (2016) asked Chinese participants to complete the
sorting task with images of two Caucasian celebrities with whom they were quite
familiar; participants sorted these faces perfectly into two piles. This raises questions
about the types of training or experience that might improve recognition for other-race
faces.
Emphasizing the ORE as a problem of discrimination has led to the development
of training paradigms that are based on individuating tightly controlled faces that are
highly similar to each other. Previous attempts at improving other-race face memory have
produced only modest results (McGugin, Tanaka, Lebrecht, Tarr & Gauthier, 2011;
Tanaka & Pierce, 2009). For example, in a study by Tanaka & Pierce (2009) participants
were trained to individuate eight different unfamiliar other-race identities. After training
participants showed some improvement on a recognition task. However, such training
involved learning only one image per identity, failing to expose participants to the ways
in which each other-race identity can vary. To my knowledge, no study to date has
examined if exposure to within-person variability in appearance may be beneficial to
improving other-race face recognition.
The Present Study
I provide the first examination of whether exposure to natural variability in
appearance is a route to familiarization with other-race faces. In Experiment 1, I
employed Dowsett and colleagues’ (2016) method with other-race faces. Participants
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were gradually introduced to six different images of an other-race target identity and were
asked find that identity from a 30-image array after each image was presented. Images
were selected to capture natural variability in appearance. To investigate whether any
learning was identity-specific or transferred across identities, each participant completed
this task with three targets. To increase generalizability, the current study rotated through
30 different target identities, whereas Dowsett et al. (2016) used the same three target
identities for all participants. I predicted that, as shown previously for own-race faces
(Dowsett et al., 2016), there would be no transfer of learning across identities.
Theoretically, this is consistent with evidence that within-person variability is
idiosyncratic in nature (Young & Burton, in press). The ways in which Identity A vary
are not the same as the ways in which Identity B vary, so learning the ways in which one
identity varies might only be beneficial to improving recognition for that specific identity.
Therefore, if improvement from exposure to within-person variability is identity specific,
then I would expect accuracy after viewing only one image to be the same across the
three identities, showing no transfer of learning.
In Experiment 2, I addressed a limitation common to both Dowsett et al.’s study
and Experiment 1: including only target-present trials precludes false alarms. False
alarms occur when participants incorrectly select a distractor from the lineup when the
target is in fact absent. In Experiment 1, this type of mistake was not possible, as the
participants were instructed to find a target that was definitely present in the lineup. In the
context of eyewitness identification, the perpetrator is not always present in the lineup
and wrongful convictions can occur if the true perpetrator is absent from the lineup but
the witness selects an innocent suspect. Thus, in Experiment 2 I investigated whether
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within-person variability helps when target-absent trials are included. Specifically, I was
interested in investigating whether exposure to multiple images enhances both
recognition of the target under conditions of uncertainty on target-present trials and
detection that the target is not in the lineup on target-absent trials. If exposure to withinperson variability facilitates the formation of a robust representation that allows accurate
recognition of the target when they are present in the lineup, and correct rejection of the
distractors when the target is absent from the lineup, then I would expect accuracy to
increase as additional images are presented to participants in both target-present and
target-absent lineups. Alternatively, if exposure to multiple images is simply expanding
tolerance for variability rather than forming a robust representation of the specific target,
participants might not benefit from viewing multiple images when the target is absent.
Experiment 1: Method
Participants
Forty undergraduate students (33 female, Mage=19.35, Range=18-24) participated.
This sample size was selected to be comparable to Dowsett et al. (2016) and allow
counterbalancing of images. Participants completed a questionnaire assessing their faceto-face interaction with Black individuals (e.g., number of hours of contact per week,
number of family members, friends, etc.). All participants reported minimal interaction
with Black individuals; all reported having fewer than three Black friends, with 20
reporting no Black friends. An additional three participants were excluded: two because
they expressed extensive experience with Black individuals and one because of
experimenter error. All participants provided written informed consent and received
research credit for their participation.
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Stimuli
A total of 30 Black female identities were used as stimuli. These identities were a
mixture of celebrities and non-celebrities obtained from the Internet via Google images.
All identities were expected to be unfamiliar to participants (confirmed by the familiarity
questionnaire). Seven images of each identity were collected in which the face exceeded
150 pixels in height, was free from occlusions and shown from a frontal view. The
images were selected to capture natural variability in each identity’s appearance (see
Figure 1); images were not standardized or manipulated. The 30 identities were not
specifically chosen to look alike. All images were cropped to 286 by 400 pixels at 72 pii
and were printed in colour on 3.95 X 6 cm individual cards. One image of each identity
was selected randomly to be placed in the 30-image array. The other six images of each
identity were used as training images.
Procedure
Participants were first given 30 images laid out in a 5x6 array on the table in front
of them. Participants were asked to find a target identity out of the lineup and were
ensured that the target would in fact be present. The participants were then given the first
image of the first identity, and were asked to make their selection. After recording their
response, the chosen image was placed back into the 30-image deck, which was then
shuffled and laid back out on the table. For the second trial, a second image of the first
identity was given to the participant, with the first image remaining visible. Again,
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Figure 1. A portrayal of the kind of variability encountered in the task. All six images
depict the same person. Copyright precludes showing the images used in my study.
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participants were asked to select the image they believed to be the target. This procedure
continued until participants were able to view six different images of the first target
identity, with the order in which images were presented randomized. The experimenter
made it clear to the participants that each of the six images depicted the same person.
Participants were told that they could change their response from trial to trial. No
feedback was given at any time.
Each participant performed this task with three identities. Across participants, 30
different target identities were used; each identity served as a target for four different
participants. The 30-image array did not change across participants or across trials. After
completing the lineup tasks each participant completed a questionnaire assessing their
familiarity with the identities used; all participants reported being unfamiliar with all
faces.
Results
Accuracy
As shown in Figure 2, the percentage of participants who correctly identified the
target from the lineup increased as more images of the target were presented, with no
transfer across identities. Linear contrast analyses (as in Dowsett et al., 2016) confirmed
that accuracy increased as more images of each target were added for the first two
identities [Identity A, F(1,39) = 5.17, p = .029, ηp2=.12; Identity B, F(1,39) = 11.092, p =
.002, ηp2=.22]. The results of the linear contrast for the last target identity approached
significance, p = .082. Paired sample t-tests (1-tailed) comparing accuracy after viewing
only one image to accuracy after viewing six different images confirmed that participants
were more accurate at correctly choosing each target out of the lineup when they were
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Figure 2. Proportion of participants who correctly selected the target. Grey lines depict
own-race results by Dowsett et al., (2016).
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able to view six images compared to just one [Identity A, 70.00% vs. 47.50%, t(39) =
2.47, p = .009, d =0.46, Identity B, 82.50% vs. 60.00%, t(39) = 2.97, p = .003, d = 0.51,
Identity C, 77.50% vs. 60.00%, t(39) = 1.74, p = .045, d = 0.38]. On average, participants
selected about two different identities across the six trials for each target.
Transfer of Learning
Completing the task with multiple images of the first identity did not reliably
improve performance for the next two identities. Paired sample t-tests (1-tailed)
comparing performance on the first trial for the second and third identities to the first trial
for the first identity revealed no transfer [Identity A Trial 1 (47.50%) vs. Identity B Trial
1 (60.00%), p = .128; Identity A Trial 1 vs. Identity C Trial 1 (60.00%), p = .141]. Paired
sample t-tests comparing performance on the last trial for the second and third identities
to the last trial for the first identity revealed improvement from the first (70.00%) to
second (82.50%) identity, t(39) = 1.71, p = .048, d = 0.29, but not from the first to third
(77.50%) identity, p = .162.
In summary, five of six measures indicated improved recognition as images were
added but only one of four measures indicated improved recognition across identities.
These results are comparable to the findings of Dowsett et al. (2016) (see Figure 2).
Discussion
Viewing multiple different images of a specific other-race face helped improve
recognition of that face, with no transfer across identities. These results are consistent
with findings regarding exposure to within-person variability in own-race faces (Andrews
et al., 2015; Bindemann & Sandford, 2011, Dowsett et al., 2016, Menon et al., 2015b;
Ritchie & Burton, 2017; White, Burton et al., 2014). This suggests that exposure to
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within-person variability might be key to facilitating familiarization with, and thus
accurate recognition of, both own and other-race faces.
However, this method has a key limitation; as in Dowsett et al. (2016),
participants knew that the target was always present in the lineup, precluding
measurement of false alarms (see Megreya & Bindemann, 2015). The ability to
accurately recognize that two photos belong to the same person is at least partially
independent of the ability to recognize that two photos belong to different people;
viewing multiple images improves matching on trials in which the sample and target
images depict the same person but not on trials in which they depict different people
(Ritchie & Burton, 2017; White, Burton et al., 2014). Further, Megreya and Burton
(2007) found no correlation between accuracy on match and mismatch trials, both in a 1to-1 and a 1-in-10 matching task.
Target-absent trials have external validity. In applied settings, perceivers (e.g.,
cashiers, border officials, eyewitnesses) cannot be sure whether the target identity (e.g.,
the culprit/person depicted in photo ID) is present. For example, when constructing a
lineup for eyewitness identification, the police select a single suspect to be placed among
known innocent distractors (see Kemp & White, 2016; Wells et al., 2000). Whether the
suspect is the person previously seen by the witness is unknown. Ronald Cotton, a young
Black man, was placed in such a lineup after being suspected of raping a Caucasian
woman (Innocence Project, 2016). He was innocent, but when the victim identified
Cotton as the culprit, the police unknowingly accepted this cross-race identification. To
the extent that multiple images foster the formation of a robust abstract representation of
identity, they might also help observers exclude images of a different person.
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Alternatively, increased tolerance of variability might increase the number of false alarms
when the target is absent. In Experiment 2 I included both target-present and targetabsent trials to investigate whether within-person variability also helps participants
recognize that the target identity is absent.
Experiment 2: Method
Participants
Thirty undergraduate students (18 female, Mage= 19.57, Range= 18-27)
participated; this sample size allowed us to counterbalance the use of stimuli across trial
types. Power analyses determined that with this sample size and alpha set to 0.05, the
power to detect an effect comparable to that of Experiment 1 was 0.99 for the linear
contrast analyses and 0.67 for the supplemental paired sample t-tests (2-tailed). As in
Experiment 1, all participants reported minimal interaction; they reported having fewer
than two Black friends, with 15 reporting no Black friends. An additional participant was
excluded because of experimenter error. All participants provided written informed
consent and received research credit for their participation.
Stimuli and Procedure
The same 30 identities were used as stimuli but each test array included only 28 of
these identities so that each participant could be tested with two target-present and two
target-absent arrays (images of the target-absent identities were removed from the array).
Although the array remained the same across trials for each participant, it varied across
participants because I rotated identities such that each identity served as a target for four
different participants—twice as a target-present (P) identity and twice as a target-absent
(A) identity. Participants completed these trials in one of two different orders (P-A-A-P
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or A-P-P-A) and were asked to identify whether the target was present in the lineup and,
if so, to choose the correct image of the target. No feedback was given at any time.
To allow participants to complete the study in a timely fashion they were
gradually presented with four, rather than six, different images of each target identity.
Supplemental analyses of Experiment 1 based on four images revealed the same pattern
of significant effects for both the linear contrasts and the paired t-tests as that reported for
six images. Furthermore, paired t-tests were conducted comparing performance after four
and six images for each identity. Not one of these tests was significant, all ps > .08.
Results
Target-Present Arrays
Accuracy. Figure 3 shows weak learning on target-present trials. Linear contrast
analyses revealed that accuracy increased as more images were added of the second,
F(1,29) = 6.43, p = .017, ηp2=.18, but not the first target, F(1,29) = 0.11, p = .918,
ηp2=.00. Paired sample t-tests (2-tailed) confirmed that participants’ performance was
significantly better when they were able view four compared to only one image for the
second target, t(29) = 3.28, p = .003 d = 0.55, but not the first, p = .745, perhaps because
of such low performance when only one image of the second target was available (46%
correct). On average, participants selected about two different identities across the four
trials for each identity.
Misses vs. Misidentifications. Whereas only one type of error was possible in
Experiment 1 (Misidentifications), on the target-present arrays of Experiment 2, there
were two different types of errors that participants could make on each of the four trials:
Misses and Misidentifications. Misses occur when participants incorrectly claim that the
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target is missing from the lineup; misidentifications occur when participants select the
wrong person from the lineup, mistaking them to be the target identity. These have
different implications in the real world (e.g., claiming that the bearer of ID does not
match their photo and denying them border entry or age-restricted goods vs. wrongly
accepting an invalid photo); therefore it is important to examine which type of mistake
participants are making in this task. A 2 (Error Type: misses vs. misidentifications) x 2
(Identity: first vs. second) repeated measures ANOVA revealed a main effect of error
type. Participants made more misidentifications (M = 1.17) than misses (M = 0.40),
F(1,29) = 11.27, p = .002, ηp2=.28. Neither the main effect of identity nor the interaction
between identity and error type were significant, ps > .07, indicating that for both the first
and second target-present trials the most common error was misidentifications. To
examine whether the number of misidentifications vs. misses differed as additional
images were added, a chi-square analysis was conducted. The results of the chi-square
indicated the type of errors made did not differ as a function of the number of images
presented, χ² (3, N = 94) = 3.57, p = .311.
Target-Absent Arrays
Accuracy. The percentage of participants who correctly rejected the target from
the lineup did not increase linearly as additional images were presented, ps > .27. Paired
sample t-tests (2-tailed) confirmed that performance did not improve after viewing four
images compared to just one, ps > .16. This is not a limitation of sample size; accuracy
actually tended to decrease across trials, such that participants tended to make more false
alarms as more images became available (see Figure 3). On each trial, between 57% and
73% of participants made a false alarm. On average, participants selected about two
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Figure 3. Proportion of participants who correctly selected the target on target-present
(blue lines) and target-absent (red lines) trials.
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different identities across the four trials for each identity. In summary, I found only weak
evidence of improvement on target-present trials, but absolutely no evidence of
improvement on target-absent trials.
Discussion
In Experiment 1, I found that viewing multiple different images of a specific
other-race face helped improve recognition of that face. In that study the target was
always known to be present. To resolve this limitation and increase external validity, in
Experiment 2 I included both target-present and target-absent trials to investigate whether
within-person variability also helps participants recognize that the target is absent. Here, I
found weak evidence of learning on target-present trials; I observed significant
improvement as additional images were added for the second identity with which
participants performed the task, but not the first. This cannot be attributed to the difficulty
of any particular target identity, as 30 different target identities were used across
participants. On target-absent trials, I found absolutely no improvement after viewing
multiple images of the target. This suggests that the results of Experiment 1 are specific
to a situation in which the target is known to be present. However, when participants are
uncertain whether the target is present, the extent to which exposure to multiple images
improves recognition of the target decreases. Further, exposure to multiple images does
not seem to improve the ability to detect when the target is missing from the lineup.
General Discussion
Forensic identity verification often involves observers and perceivers of different
races. An abundance of research suggests that human perceivers have extreme difficulty
recognizing other-race faces (Meissner & Brigham, 2001) and this is evident in the large
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number of wrongful conviction cases in which cross-race identification was a
contributing factor (Innocence Project, 2016). Whereas recognizing an identity across a
set of ambient images is especially challenging for unfamiliar other-race identities
(Laurence et al., 2016), once we are familiar with an other-race face, we can easily
recognize that identity despite changes in appearance. For example, Chinese adults sort
images of known Caucasian celebrities with ease (Zhou & Mondloch, 2016).
Understanding how a newly encountered other-race face becomes familiar is crucial to
improving face matching in forensic settings and provides novel insights about models of
face recognition. Exposure to within-person variability has been suggested to be a route
to familiarization with own-race faces (Andrews et al., 2015; Bindemann & Sandford,
2011; Dowsett et al., 2016; Menon et al., 2015b; Ritchie & Burton, 2017). Therefore, the
goal of the current studies was to investigate within-person variability as a viable route to
familiarization with other-race faces.
In Experiment 1, I provide the first evidence that exposure to within-person
variability aids in identity matching of other-race faces, at least when the observer is
confident that the target is present. The proportion of participants who identified the
target from the lineup increased as additional images were provided. Further, I found no
evidence of transfer of learning across identities, suggesting that the improvement from
exposure to within-person variability in appearance is identity-specific. This pattern of
results is comparable to that previously observed for own-race faces (Dowsett et al.,
2016). In fact, Figure 2 shows that my results mirror those of Dowsett et al. (2016) quite
closely. This suggests that the processes by which a newly encountered face becomes
familiar may be qualitatively the same for own-and other-race faces.
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Such learning with own-race faces is thought to reflect the emergence of an
abstract representation of a face (a Face Recognition Unit; FRU) (Bruce & Young, 1986),
which is resistant to interference from variability in appearance attributable to
environmental (e.g., lighting), camera (e.g., lens) and intrinsic (e.g., make-up, expression)
factors (Burton, Jenkins, Hancock, & White, 2005). With each new encounter, tolerance
for variability increases. My results suggest a similar process occurs for other-race faces.
In Experiment 2, I included target-absent trials to investigate whether withinperson variability also helps to detect that the target identity is absent from the lineup.
The results of Experiment 2 suggest that the learning observed in Experiment 1 is
somewhat illusory. Under conditions of uncertainty, I found only a weak benefit of
viewing multiple images when the target is present and no benefit when the target is
absent. In Experiment 1, the only type of error participants could have made was a
misidentification. However in Experiment 2, a new type of error was introduced on
target-present trials: misses. Although less frequent than misidentifications, the
introduction of misses at least partially accounts for the reduced improvement relative to
Experiment 1, in which participants selected a face on every trial. Most notably, I found
no evidence that adding exemplars helped participants to detect that the target identity
was absent. Indeed, I observed a non-significant trend in the opposite direction, such that
the proportion of participants’ selecting an identity from the lineup despite the target
being absent rose from about 60% to 70% after participants were presented with four
images. Although non-significant results from the paired sample t-tests could be
attributable to low power (0.67), the results of these supplemental analyses were
consistent with corresponding linear contrast analyses, which had ample power (0.99) to
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find an effect comparable to Experiment 1. These findings are consistent with participants
adopting a more liberal criterion in a delayed match-to-sample task after viewing two
images attributed to the same identity than after viewing the same two images attributed
to different identities (Menon, White & Kemp, 2015a), an effect that is enhanced by
increased between-image variability (Menon et al., 2015b). Thus, while exposure to
multiple images increases tolerance to variability in appearance, it allows participants to
erroneously include images of non-target identities in their representation of the target
(i.e., they become more willing to incorrectly accept between-identity differences as
within-person variability).
Increasing tolerance to variability in appearance can be conceptualized as
expanding attractor fields in multidimensional face space. According to Valentine (1991),
vectors in multidimensional face space represent dimensions on which faces can vary
(i.e., distance between the eyes, size of nose); the value of each face on these dimensions
determines its location in face space. Thus, each identity we encounter is represented as a
unique point in multidimensional face space. Expanding on this theory, Tanaka, Giles,
Kremen and Simon (1998) proposed that each face is represented by an attractor field.
These attractor fields represent the range of variability in appearance that will be
perceived as belonging to that identity. Tanaka et al. (1998) emphasized the influence of
distinctiveness on the size of a face’s attractor field and Laurence et al. (2016) suggest
that attractor fields for unfamiliar faces are influenced by face race. Both of these studies
suggest that the size of a face’s attractor field is influenced by the density of face space
with faces in less densely clustered regions (i.e., distinctive faces, own-race faces) having
larger attractor fields than faces in more densely clustered regions (i.e., typical faces,
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other-race faces). Accurate recognition of familiar faces despite within-person variability
in appearance and for both own- and other-race faces can be conceptualized as familiar
faces having large attractor fields; we are able to recognize a familiar person despite a
wide range of within-person variability in their appearance. This means that when we
encounter a familiar face in a new context (e.g., with a new hair colour), we can tolerate
the variability in appearance because the attractor field is large enough for this new
exemplar to fall within its boundaries.
The results of Experiment 1 and of Dowsett et al. (2016) can be conceptualized as
expanding attractor fields for other-race and own-race faces, respectively; as participants
were exposed to more images of the target, they were better able to tolerate the variability
in the target’s appearance and correctly select them from the lineup. However, two results
of Experiment 2 suggest that the benefit of expanded attractor fields might be limited in a
situation in which participants do not know whether the target was present. First, I found
evidence of only weak learning on target-present trials. Second, and most notably, when
the target was absent, exposure to multiple images made participants more tolerant to
variability. This tolerance appears to have allowed an exemplar of a different identity to
be brought into the attractor field, thus the number of false alarms did not decrease as
images were added.
These studies have several strengths that support my conclusions. This is the first
study to examine whether exposure to within person variability improves recognition of
other-race faces. Whereas Dowsett et al.’s (2016) paradigm only included trials in which
the target was known to be present, in Experiment 2, I included both target-present and
target absent arrays. This allows for the examination of false alarms, providing novel
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insights about the ability to detect when a target is missing from a lineup. Including both
target-present and target absent arrays also increases external validity; in applied settings,
perceivers (e.g., cashiers, border officials, eyewitnesses) cannot be sure whether the
target identity (e.g., the culprit/person depicted in photo ID) is present. Therefore,
Experiment 2 tries to more closely mimic the task faced by those in forensic verification
settings.
Additionally, Dowsett et al. (2016) used the same three target identities across all
participants. I corrected this limitation by rotating through 30 different target identities.
This ensures that my effects cannot be attributable to particular models being more or less
difficult to recognize, increasing generalizability of the results. I also randomized the
order in which participants viewed the training images. This makes it unlikely that
improved performance reflects the utility of any one image (e.g., the one most similar to
target image). Finally, all identities served as targets on both target-present and targetabsent trials, eliminating any influence of identity on the effect of trial type. Collectively,
these strengths give me confidence in my results.
Future Research
The goal of the current research was to replicate Dowsett et al’s (2016) method to
investigate whether exposure to multiple images improves the ability to select an otherrace identity from a lineup. To tackle a limitation of their method, in Experiment 2, I
included both target-present and target-absent to investigate whether exposure to withinperson variability also improves detection that the target is missing from the lineup. The
purpose of this research was not to examine the other-race effect and thus including ownrace faces was beyond the scope of this study. Future research should investigate this

29
question with own-race faces; it is unknown whether exposure to multiple images of a
target would help participants detect when an own-race face is absent from the lineup.
However, research with own-race faces has found that participants adopt a more liberal
criterion after exposure to within-person variability (Menon et al., 2015a, Menon et al.,
2015b). Thus, as with other-race faces, we would expect no improvement for own-race
faces on target-absent trials.
Both Dowsett et al. (2016) and the current studies used lineups of 28 or 30
different identities. Such large lineups likely tap our ability to search for an identity in a
crowd. However, a lineup of this size is not typically encountered in forensic settings.
Although researchers have made some suggestions to improve lineup construction, there
have not been specific recommendations made regarding the number of identities to
include in a lineup (Wells et al., 1998), and therefore the number of lineups members
actually used in forensic settings may vary. However, the majority of research examining
eyewitness identification has used significantly less than 30 lineup members, often
including only 6 (e.g., Wells, Steblay & Dysart, 2015). Identifying a target from a lineup
of 30 images (a protocol that mimics finding a face in a crowd) may require a
qualitatively different strategy than identifying a target from a lineup of only 6 identities.
Therefore, future research should examine whether exposure to variability improves
recognition in lineup sizes that more closely match those encountered in forensic settings.
The findings of Experiment 1 suggest that in a context in which the target is
known to be present, exposure to natural variability in appearance seems to improve
recognition of other-race faces. As can be seen in Figure 2, the pattern of improvement
maps on quite perfectly to that found in Dowsett et al. (2016) with own-race faces. This
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suggests that the acquisition of familiarity for own-and other-race faces might share the
same underlying processes. However, the question still remains as to whether we can
learn other-race faces as efficiently as own-race faces. Future research should manipulate
the duration of exposure and the amount of within-person variability that is necessary to
learn an other-race compared to an own-race face.
Implications for Forensic Settings
Given the serious consequences of errors in identity matching (i.e., eyewitness
misidentification, security risks etc.), understanding the mechanisms underlying such
errors and designing protocols to reduce them is essential. In the context of eyewitness
identification, interventions have focused mainly on improving the construction of
lineups; researchers have advocated for the use of double-blind, sequentially (rather than
simultaneously) presented lineups in which the suspect is placed among distractors of
similar physical description that differ in appearance (see Wells et al., 2000 for review).
In the context of border security, improvements in fraudulent document detection have
forced fraudsters to switch from forging photo identification to using another person’s
identity, rendering the ability to match a face to a photograph even more important (ABC
TV Science, 2015). Super-recognizers, those with an extraordinary ability to matching
faces regardless of familiarity, have recently been recruited by border security and police
departments to help combat this problem (ABC TV Science, 2015; Robertson, Noyes,
Dowsett, Jenkins, & Burton, 2016). However, super-recognizers are a limited resource,
and therefore finding an intervention to ease the difficulty of unfamiliar face matching for
all forensic professionals, as well as eyewitnesses, is imperative. White, Burton et al.,
(2014) suggested that increasing the number of images on photo-ID might facilitate
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improved matching for own-race faces; participants were more accurate at matching
when given four images of an identity rather than only one.
My results extend this possibility to other-race faces, but only when the observer
knows the target is present, a rare circumstance in forensic settings. Indeed, viewing
multiple images of an other-race face might actually increase effectiveness of false
documents; providing evidence of one’s variability in appearance (across identity cards
and/or ambient images) might erroneously increase the perceiver’s tolerance of images
belonging to a similar-looking person. Likewise, whereas Experiment 1 suggests that the
benefit of sequential (compared to simultaneous) photo arrays, in which eyewitnesses
make yes/no judgements for each individual photo (Kemp & White, 2016; Wells et al.,
2000), might be further enhanced by representing each identity with multiple images,
Experiment 2 raises caution. Such a practice might also increase false identifications if
the culprit is indeed absent.
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QUESTIONNAIRE: RACE

Participant #______
DOT ________________

Thank you for participating in our research. We recognize that individuals may differ in
their ability to recognize faces. Some of these differences may be attributable to how
much we experience different kinds of faces on a daily basis. Please take a few moments
to complete the following questionnaire.
Your responses will be confidential.
PERSONAL INFORMATION
1.   Date of birth: ………………………………..……………………………….
2.   Mark your ethnic group:
q   Caucasian
q   Asian
q   Aboriginal
q   African Canadian
q   Other (Please specify) __________________________
3.   How many people live in your household (including yourself):
a) Home _________
b) University __________
4. Please indicate how many of those people (both at home and at University) are in each
of the following groups:
a) Caucasian _________
b) African Canadian __________
5. Think about family members with whom you have regular contact (at least once per
month). How many of those people are in each of the following ethnic groups:
a) Caucasian _________
b) African Canadian __________
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6. Please estimate how many hours you usually spend per week interacting with people in
each of the following groups:
a) Caucasian _________
b) African Canadian __________
7. With how many African Canadian adults do you have contact in a typical week?
__________
8. In your opinion, in the last 5 years, how much experience have you had with African
Canadian individuals?
1
minimal

2
some

3
moderate

4
a lot

5
extensive

9. Think of up to 10 friends with whom you spend the most time. Of these 10 friends:
How many are Caucasian? _______
How many are African Canadian? _______
How many are any other race outside of Caucasian and African Canadian?
_______
10. Please write down the FIRST NAME (only) of up to 10 African Canadian friends:
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________

11. Please provide any additional information that would indicate extensive experience
with African Canadian individuals.
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Participant Number ___________________
Ethnicity (e.g. White, Black, Asian): __________________________________
Were any of the faces in the experiment familiar? Please circle
Yes /

No

If yes, please indicate the name/s* of the individual/s that you recognized:
________________________________________________________________________
________________________________________________________________________
*If you can't recall a name then please write down other information related to that
person.
________________________________________________________________________
________________________________________________________________________

