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Across three experiments, we evaluated the effects of “disguises” on observers’ face
identification performance using naturalistic images in which individuals posed
with a variety of wigs and eyeglasses. Experiment 1 tested recognition memory
performance with and without disguises and showed that any changes in these facial
attributes hindered performance, replicating previous findings. More interestingly,
Experiment 1 revealed that a change in hairstyle or the removal of eyeglasses had
more impact on performance than did the addition of eyeglasses. In Experiment 2,
disguised and undisguised faces were presented upright or inverted to examine
whether the performance decrements seen in Experiment 1 were attributable to
disruption of processing strategies for faces. Despite showing an overall effect of
disguise on performance, there was no interaction between inversion and disguise.
This suggests that disguises are not directly affecting processing strategies, but
instead disguises are likely encoded as part of the overall representation. Similarly,
in Experiment 3, the composite face paradigm was used to examine whether the
impact of disguises is attributable to disruption of holistic processing for faces.
Again, we found an overall effect of disguise on performance, but here we also
observed that the presence of disguises interacted with participants’ tendency to
form holistic face representations.
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“God has given you one face, and you make yourself another”
(William Shakespeare)

The ability to recognized thousands of people by their faces is one of the
hallmarks of the human experience. This uncanny ability has interested
psychologists for decades and the result is a very extensive literature on both
the human proficiency at face recognition and its limitations. For example, it
has been shown that recognition performance is relatively impervious to
physical transformations including blurring (Harmon & Julesz, 1973a,
1973b; Yip & Sinha, 2002), changes in lighting conditions (Braje, 2003;
Braje, Kersten, Tarr, & Troje, 1998), and changes in viewing angle (Hill,
Schyns, & Akamatsu, 1997; O’Toole, Edelman, & Biilthoff, 1998). Our
resilience to these transformations is something that we all have experienced.
At the same time, there are some facial transformations to which we are
particularly sensitive. For example, it may take us a moment to recognize
someone we see every day if they suddenly shave off their beard
or dramatically shorten their hair. Such recognition difficulty may be
even more pronounced if one is trying to recognize a relatively unfamiliar
person who has changed their appearance. Intentional transformations can
dramatically disguise one’s identity and can include a wide variety of altered
physical attributes, including wearing a wig, changing hairstyle or hair
colour, wearing eyeglasses, removing or growing a beard, etc.

Despite the frequency of appearance changes in our real life experience
(even omitting intentional “disguises”), few psychological studies have
systematically studied how such appearance changes affect face identifica-
tion (but see Diamond & Carey, 1977; Metzger, 1999; Patterson & Baddeley,
1977; Terry, 1994). Nonetheless, the consistent result across this handful of
previous studies is that a disguise—almost by definition—hinders face
recognition in both children (Diamond & Carey, 1977; Metzger, 1999) and
adults (Patterson & Baddeley, 1977; Terry, 1993, 1994). Of note, Patterson
and Baddeley (1977) found that changing either hairstyle or beard decreased
facial recognition memory performance equally compared to undisguised
faces, and that changes in both attributes produced chance-level perfor-
mance. Subsequently, Terry (1994) found that facial recognition memory was
most impaired by the removal of eyeglasses or by the addition or removal of
a beard. Such results provide concrete evidence for a lack of invariance in
face identification with changes in some facial attributes. However, it is an
open question as to why this is so.

One possible explanation is it that all featural alterations impair face
recognition equally, as suggested by the results of Patterson and Baddeley
(1977). Alternatively, it is possible that different types of disguises, which
either change a relatively stable facial feature (i.e., hairstyle) or an attribute
that is often added or subtracted (i.e., eyeglasses), affect face recognition
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differently. Moreover, the size of the effect of the disguise could change
depending on whether it is present when a face is first studied or if it is
introduced in subsequent presentations, as suggested by Terry (1994). These
are the issues that will be addressed in Experiment 1, by testing recognition
memory performance across a variety of disguise manipulations appearing
on natural faces.

The results of prior experiments using disguises also raise questions
regarding how disguises interfere with the processing mechanisms used for
face recognition. One of the most salient findings of the face processing
literature is that faces are not identified by focusing on specific features in
isolation, but rather that observers rely on both specific facial features and
the relationship among these features, performing what has been termed
“holistic” processing (Farah, Wilson, Drain, & Tanaka, 1998; Hole, 1994;
Tanaka & Farah, 1993; Young, Hellawell, & Hay, 1987). More recently,
several authors have suggested that there are different types of holistic
processing that come into play in face recognition, and that can be
specifically tested using different manipulations (Gauthier & Tarr, 2002;
Maurer, Le Grand, & Mondloch, 2002; Rotshtein, Geng, Driver, & Dolan,
2007). Differences in terminology aside, both Gauthier and Tarr (2002) and
Maurer and colleagues (2002) suggest that when viewing faces, observers
process: (1) The specific arrangement of features across all faces (i.e., two
eyes, above nose and mouth); (2) the specific spatial relations between
features in a given face (i.e.,, distance between the eyes, length of the
forehead, etc.); and (3) a face gestalt in which all facial features are
integrated into a single representation.

Taken together, these processing strategies have been implicated as the
major reason as to why face identification is relatively robust across many
physical transformations such as changes in viewpoint, luminance, and
blurring (e.g., Braje et al., 1998; Hole, George, Eaves, & Rasek, 2002;
O’Toole et al., 1998). Thus, given both anecdotal and empirical evidence that
the same cannot be said for disguises, we wondered whether face identifica-
tion is susceptible to disguises because they affect an observer’s ability to
apply one or more of these processing strategies. It is this question that will
be addressed in Experiments 2 and 3.

In Experiment 2 we examine whether disguises interact with specific
processing strategies of faces. For example, a change in hairstyle might
produce a change in the perceived distance between the eye region and the
hairline, or the addition or removal of eyeglasses might alter the perceived
distance between the eyes. This will be examined using the well-documented
face inversion effect (Yin, 1969), which assesses identity recognition across
picture-plane inversion. Consider two alternative outcomes. Recent studies
have shown that inversion disrupts both configural and part-based proces-
sing. Thus, if disguises lead to a disruption in configural processing and/or
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part processing (similar to documented effects caused by inversion; McKone
& Yovel, 2009), we might expect a selective impairment in the processing of
upright disguised faces. Under this view, there would be smaller difference
between upright and inverted faces with disguises, and a smaller inversion
effect for disguised faces compared to undisguised faces. Alternatively,
observers may encode varying disguised features as invariant facial features
regardless of the recognition strategies deployed. That is, disguises may
generally disrupt recognition in that some facial features have changed in
appearance. Under this view, we would expect an overall decrease in
performance for disguised faces across both the upright and inverted
conditions.

In Experiment 3 we examine whether disguises interact with the default
observer bias to form a gestalt or holistic face representation. For example,
the obvious presence of disguises might bias observers towards using more
stable, local facial features that are not affected by the disguises, thus
disrupting our default tendency to form holistic face representations. We
address this question using the composite face paradigm (Hole, 1994; Young
et al., 1987), which provides a measure of the bias to fuse different face parts
into a single representation. In this paradigm composite faces are created by
combining the top part of one face and the bottom part of another face to
create a new face; participants are then asked to specifically recognize only
one of the two parts. The holistic processing bias is derived from the fact that
interference arises from the presence of the irrelevant face half. If disguises
interact with such holistic processing, we would expect a reduction in the
tendency of our participants to fuse face halves into a unitary representation.

EXPERIMENT 1
Method

Participants. Participants were 20 Brown University students. All
participants provided informed consent and received $7 or course credit
for their participation.

Design and materials. Experiment 1 consisted of two phases: A learning
phase and a testing phase. In the learning phase, participants were
sequentially shown a series of faces and asked to rate them along several
physical dimensions to promote familiarization with the stimuli without
explicitly suggesting memorization. After the learning phase, participants
performed an old-new recognition memory task on a series of faces that
included all of the faces in the learning set plus an equal number of foil,
never-before-seen faces.
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Face stimuli were taken from the TarrLab face database (www.
face-place.org). This database contains photographs of many different
individuals in various types of disguises, such that, for each individual,
there are multiple photographs in which hairstyle and/or eyeglasses have
been changed/added. All faces were cropped to include the outer contour
of the face, hairstyle and a small portion of the neck of each individual
(Figure 1). The faces were also normalized in size to a standard
interocular distance.

In the learning phase, the face stimulus set was comprised of 48 faces
(24 females and 24 males). As shown in Table 1, for each sex, 12 of the faces
were shown with no disguise (e.g., natural hairstyle and no eyeglasses). The
remaining 12 faces were shown disguised with either wig only (four faces);
eyeglasses only (four faces); or a wig and eyeglasses (four faces). Each
individual face was presented in only one version during learning.

In the testing phase, the face stimulus set was comprised of 96 faces, of
which 48 were new to the participant and 48 were familiar to the participant
from the learning phase. For each sex, the new faces included 12 disguised
and 12 undisguised faces. Of the 12 disguised faces, four were presented with
a wig only, four with eyeglasses only, and four with both a wig and eyeglasses
(identical to the learning phase; Column 1 of Table 1). The familiar faces
were presented either in the same version that participants had seen during
learning (12 total for each sex: Six disguised and six undisguised), or in a
different version compared to the learning phase (also 12 for each sex). Of

Figure 1. Experiments 1-3, sample face stimuli drawn from the TarrLab face database (www.face-
place.org; stimulus images courtesy of Michael J. Tarr, Center for the Neural Basis of Cognition,
Carnegie Mellon University, http://www.tarrlab.org), with the original face (left) and the disguised
version of the same individual (right). Note that in Experiments 1 and 2 these stimuli were presented in
intact form; in Experiment 3 top and bottoms halves of faces were combined to create new
“composite” face images. To view this figure in colour, please see the online issue of the Journal.
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TABLE 1
Experiment 1 procedure in the learning and testing phases for one sex

Learning phase Testing phase

Wig only Wig only
Disguised = 4 Trained disguised
(with a wig) \ Tested disguised = 2
(with wig, no change)

Tested undisguised = 2
(wig subtracted, 1 change)

Undisguised = 4 Trained undisguised
(natural hair)x> Tested disguised = 2
(with wig added, 1 change)

Tested undisguised = 2
(natural hair, no change)

Glasses only Glasses only
Disguised =4 Trained disguised
(with eyeglassem> Tested disguised =2
(with eyeglasses, no change)

Tested undisguised = 2
(glasses subtracted, 1 change)

Undisguised = 4 Trained undisguised
(no e:yeglasseN> Tested disguised = 2
(with eyeglasses added, 1 change)

Tested undisguised = 2
(no eyeglasses, no change)

Wig + Eyeglasses Wig + Eyeglasses
Disguised =4 Trained disguised
(with eyeglassem> Tested disguised = 2
(with eyeglasses 4+ wig, no change)

Tested undisguised = 2
(glasses + wig subtracted, 2 changes)

Undisguised = 4 Trained undisguised
(no eyeglasses W Tested disguised = 2
(glasses + wig added, 2 changes)

Tested undisguised = 2
(no eyeglasses + wig, no change)

the faces that were changed from study to test, eight of each sex were shown
in a version that differed only in one attribute from the learning phase, that is
either the hairstyle or eyeglasses were different, and four for each sex were
shown in a version that differed in two attributes from the learning phase,
that is both eyeglasses and hairstyle were changed (Column 2 of Table 1).
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Procedure. In this and all subsequent experiments, stimuli were pre-
sented using an Apple iMac G5 20-inch computer (Apple Inc., Cupertino,
CA) and the Psychophysics Toolbox for Matlab (Mathworks, Natick, MA;
Brainard, 1997; Pelli, 1997).

The learning phase consisted of three runs, each of which included all 48
training faces. In the first run participants judged whether they thought each
face was attractive, in the second run they judged whether each face was male
or female, and in the third run they judged whether each face was younger or
older than 21 years of age. Each participant took a self-timed break between
each judgement task, and then began the next task at their own pace. Each
face was displayed until the participant made a response, with an intertrial
interval (ITI) of 500 ms.

The testing phase consisted of a single run which included all of the
individual faces shown during the training phase, as well as an equal number of
new, never-before-seen individual faces for a total of 96 trials. On each trial, the
participant decided whether they remembered or did not remember seeing that
particular individual’s face during the learning phase (“old/new” task).
Participants were explicitly instructed to ignore any changes in facial attributes
and any disguise manipulation. Each face was displayed until the participant
made a response using one of two keys corresponding to old and new.

Results

Several analyses were carried out in order to address the experimental
questions. First, individual participants’ recognition memory performance
was assessed by computing ¢’ (sensitivity for discriminating old from new
items) separately for 0, 1, and 2 attribute changes from learning to test.
One change corresponded to the hair being changed relative to the face
shown during the learning phase (from a wig to natural, or natural to a wig),
or to eyeglasses being either added or subtracted relative to each training
face. Two changes corresponded to the hair being changed in conjunction
with eyeglasses being either added or subtracted. Figure 2 shows mean d’
values across participants for each level of change. Planned pairwise
comparisons were performed between no-change and 1-change and 1-change
and 2-change trials in order to establish whether performance worsens as
more attributes are changed between learning and test. These comparisons
revealed a significant difference between no-change and 1-change,
1(19) =9.16, p <.0001, two-tailed; Cohen’s d=1.21, and a significant dif-
ference between 1-change and 2-change, #(19)=3.6, p <.002, two-tailed;
Cohen’s d =0.71.

Second, we analysed a subset of the 1-change trials in order to examine
whether the types of changes across stimulus presentations (addition vs.
subtraction vs. change of a disguise) differentially affected recognition
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0.5 -

No change One change Two changes

Figure 2. Experiment 1, d for three conditions. No change: Faces seen in identical manner at study
and test (mean = 2.63, SD =1.18); one change: Faces that changed hairstyle or added/subtracted
eyeglasses between study and test (mean = 1.33, SD =0.96); two changes: Faces that changed
hairstyle and added/subtracted eyeglasses between study and test (mean = 0.53, SD =1.28).

performance. For each subject we computed average percent correct for trials
in which the hairstyle was changed from study to test, trials in which
eyeglasses were added between study and test, and trials in which eyeglasses
were subtracted between study and test. Planned comparisons were performed
between the addition and subtraction of eyeglasses, between a change in
hairstyle and the addition of eyeglasses, and between a change in hairstyle and
the subtraction of eyeglasses (Figure 3). The first pairwise z-test revealed a
significant difference between adding eyeglasses versus subtracting eyeglasses,
1(19) =3.2, p <.005, two-tailed; Cohen’s d =0.99, showing that participants
were significantly more accurate when a disguise attribute was introduced at
test, as compared to when the same disguise attribute was removed at test
(Figure 3). The second pairwise t-test revealed a significant difference between
changing hairstyle and adding eyeglasses, #(19) =4.22, p <.0005; Cohen’s
d =0.95, with better performance when eyeglasses were added as compared to
when hairstyle was changed. The third pairwise z-test revealed no significant
difference between changing hairstyle and subtracting eyeglasses, #(19) =1.14,
p =0.27, two-tailed. Taken together these comparisons demonstrate that the
addition of a disguise between study and test is the least detrimental
manipulation, whereas changes in features that are present during the study
phase are somewhat more damaging to face recognition.
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Figure 3. Experiment 1, average percentage correct for a subset of trials in which eyeglasses were
added between study and test (mean = 0.675, SD =0.20), a subset of trials in which eyeglasses were
subtracted between study and test (mean = 0.41, SD =0.32), and a subset of trials in which hairstyle
was changed between study and test (mean = 0.49, SD =0.19).

Discussion

Experiment 1 replicated findings from several previous studies (Diamond &
Carey, 1997; Patterson & Baddeley, 1977; Terry, 1994), in that it revealed a
significant decrease in recognition memory performance when disguise
attributes are changed between study and test. Thus, we can confidently
state that face identification is not invariant over disguises. Beyond this
validation, Experiment 1 adds to our understanding of the impact of
disguises in the following ways.

First, our present results indicate that the magnitude of the disguise effect
is dependent on the number of changes that occur between when a face is
first learned and when it is later presented. We posit that when observers
learn a new face they encode a representation that is specific, at least in part,
to local attributes such as eyeglasses and/or hairstyle. Local changes in these
specific attributes individually influence later identification. In particular, as
the number of changes increases there is increasing dissimilarity between the
encoded version of an individual and the disguised version of that
individual.

Second, our results indicate that changes in relatively stable facial features
such as hairstyle or the removal of eyeglasses exert a greater cost on
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performance than does the addition of disguise elements. This greater cost of
subtraction as compared to addition is consistent with the results previously
reported by Terry (1994), who suggested that a face with eyeglasses is less
distinctive than a face without eyeglasses in the context of other faces with
eyeglasses (i.e., people with eyeglasses all look more similar) and as a
consequence a face that was studied without eyeglasses will be more easily
recognizable because of its relative distinctiveness. However, this explanation
does not seem to fit our present experiment, as eyeglasses were neither
extremely rare nor very common. More specifically, in Experiment 1 study
faces with eyeglasses did not represent the majority of faces, and the
proportion of faces with and without eyeglasses was not different between
study and test; thus a change in the relative distinctiveness of the study faces
seems unlikely to account for our findings.

An alternative account of the results of Experiment 1 is that specific facial
attributes (e.g., a specific hairstyle and/or eyeglasses) become integral to a
more global face representation. Although more weight is typically assigned
to the internal features of a face, Hancock, Bruce, and Burton (2000) have
shown that unfamiliar faces are encoded, at least in part, using external
facial features such as the specific hairstyle. As such, when observers are
presented with unfamiliar faces, changing the hairstyle or removing eye-
glasses creates a greater mismatch with respect to the overall face
representation compared to the addition of eyeglasses, and this mismatch
is not easily compensated for without significant alteration of that face
representation. The finding that removal of a feature is more detrimental
than addition may be part of a more general visual encoding strategy, and
not specific to face processing per se. Whatever features are present at
encoding automatically become part of the representation of that object
(including surface properties such as texture; Vuong, Peissig, Harrison, &
Tarr, 2005); thus, removal of the feature negatively impacts recognition.
Later adding a feature to an object will have an impact, but far less so than
removal.

It is also possible that the presence of a disguise produces an asymmetric
cost of modifying the perceived configural properties of a face between
encoding and recognition. That is, both a different hairstyle and eyeglasses
could affect the processing of spatial relations, or second-order relations,
between the features of a face (Maurer et al., 2002). For example, a different
hairstyle could change the appearance of a person’s hairline and thus modify
the perceived distance between the eyes and the hair. As such, a change in
hairstyle or encoding a face with eyeglasses might produce a representation
of the face that is configurally different from the studied version, and, as a
consequence, less identifiable. Alternatively, a face encoded without eye-
glasses could give rise to a more stable representation because its configural
properties are encoded without the presence of any occluder. Hence, even
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with the subsequent addition of eyeglasses, faces encoded without eyeglasses
might be more easily identified given a more robust preexisting configural
representation.

Finally, a combination of these explanations is also possible. A change in
hairstyle may hinder performance because hairstyle is encoded as part of the
face representation, whereas a change in the presence or absence of
eyeglasses may disrupt the perception of the configural properties of a
face. Unfortunately, Experiment 1 does not allow us to disambiguate these
different hypotheses.

In summary, our present results both confirm prior work demonstrating
that disguises make face identification more difficult, and add to the
literature regarding the patterns of increased difficulty we see with different
levels of disguise. Interestingly, we also observe asymmetries in recognition
performance depending on the both the content of the change and whether
the change was an addition or subtraction of a facial feature. As discussed
earlier, there are several explanations for this asymmetry. Do disguises affect
recognition simply because of the change in the face between study and test,
or, alternatively, do they affect recognition because they disrupt/modify
second-order spatial relations and/or parts processing? In that the recogni-
tion memory paradigm used in Experiment 1 does not allow us to
distinguish between these alternatives, we designed Experiments 2 and 3 to
more precisely examine what components of the face recognition process are
disrupted by different aspects of disguises.

EXPERIMENT 2

Our goal with Experiments 2 and 3 was to better understand which of several
factors—alone or in combination—underlie the significant decrement in
facial recognition performance we observed with disguises. For example,
disguise elements might interact with the perception of spatial/configural
properties of a given face—for example, a wig changing the perceived distance
between the eyes and the hairline. Disguise elements may also interact with the
specific part-based processing strategies, thereby differentially altering
recognition performance. Finally, observers may simply (and with a potential
cost) encode changeable attributes within face representations.

Picture-plane inversion has been previously assumed to disrupt the
processing of second-order relations in faces (e.g., variation in the spacing
between features; for a review, see Maurer et al., 2002). However, more
recent reviews have questioned the interpretation of inversion as disrupting
only second-order relations (McKone & Yovel, 2009; Riesenhuber & Wollff,
2009; Rossion, 2008, 2009). For example, McKone and Yovel (2009) looked
at feature and spacing information in the context of upright and inverted
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faces to determine whether inversion effects were driven primarily by spacing
information or if feature information also contributes to inversion effects. In
a review of 17 different studies, they found the expected large inversion
effects for spacing. McKone and Yovel also found inversion effects for
feature information, and the size of these feature inversion effects was often
large. Thus, inversion effects may be the result of spacing or feature changes.
Consequently, our inversion manipulation won’t allow us to discern feature
changes from spatial changes, but it will allow us to compare the inversion
effect for disguised and undisguised faces. If we find a significant interaction,
then this result indicates that disguises are fundamentally changing the
processing of the features and/or spacing in faces (specifics can then be
determined later). If we do not find a significant interaction, then this result
indicates that disguises are not fundamentally changing the way faces are
processed. Instead, disguises are just decreasing performance overall,
perhaps by the encoding of changeable features, such as glasses and hair/
wigs, as part of the original face representation.

On a given trial in Experiment 2, participants saw a pair of sequentially
presented faces that both appeared in either the upright or the inverted
orientation.' Participants were instructed to decide whether the two faces
were of the same individual or not, irrespective of the presence or absence of
disguise attributes. That is, they were explicitly told to make a same-different
judgement based on face identity and not on face attributes, such as hairstyle
or eyeglasses.

Method

Participants. Participants were 20 Brown University students. All
participants provided informed consent and received $7 or course credit
for their participation. Data from one participant was lost due to equipment
malfunction; thus, the analyses reported here include only 19 participants.

Design and materials. The face stimuli were again drawn from the
TarrLab face database. Stimuli were chosen to be disguised with either
changes in hairstyle, changes in eyeglasses, or changes in hairstyle and
eyeglasses together. Each face stimulus was normalized to have the same
interocular distance.

Experiment 2 consisted of 320 trials. One half of the trials (160) were
presented in the upright orientation, and the other half (160) were presented
in the inverted orientation. Within each group of these trials, 80 trials
showed faces with the same identity (same trials), and the other 80 showed

!'Studies of face inversion generally use a similar design in which both comparison faces
appear at the same orientation.
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faces of different identities (different trials). Eighty different identities (40
males and 40 females) were presented four times each. For both the upright
and the inverted orientations the same-identity trials consisted of: 80 no-
disguise trials (the same image across the two presentations), 40 1-change
trials (26 faces had a hairstyle change; 14 faces had eyeglasses added), and 40
2-change trials (40 faces with a hairstyle change and eyeglasses added). For
both the upright and the inverted orientations the different-identity trials
consisted of: 84 trials in which both identity and hairstyle was different, and
76 trials in which faces differed in identity, hairstyle, and in the presence of
eyeglasses. The slight mismatch in the number of faces across disguise
conditions was due to the variable availability of specific disguise config-
urations within the face database used. Priority was given to repeating each
individual identity an equal number of times (for a schematic breakdown of
all different trial types, see Table 2). Note that if a trial included eyeglasses
(for both same and different trials), the image with eyeglasses was always
shown second. Trial types were presented in random order.

Procedure. 'We were unable to include trials with glasses subtracted as
well as glasses added due to a lack of available stimuli. Participants
performed a two-alternative forced choice (2AFC) sequential-matching
task. On each trial the first face was centrally presented for 250 ms, followed
by a mask presented for 500 ms, and then the second face centrally presented
for 250 ms, again followed by a mask for 500 ms. The mask consisted of
10 x 10 pixel squares taken from the set of faces used in the experiment
placed randomly within a canvas that matched the dimensions of the face

TABLE 2
Distribution of trials across experimental conditions in Experiment 2
Same trials
No disguise = 80 Upright =40
Inverted = 40
One change = 40 Upright = 13
Hairstyle change = 26
Inverted = 13
Upright =7
Glasses added = 14
Inverted =7
Two changes = 40 Upright = 20

Inverted = 20
Different trials

Different individuals = 84 Upright = 44
Inverted = 44
Different individuals with eyeglasses = 76 Upright = 38

Inverted = 38
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images (480 x 400 pixels). Participants judged whether or not the two face
images belonged to the same individual, regardless of possible changes in
facial appearance. Judgements of face identity were used because we wanted
participants to focus on the entire face and not any particular local facial
feature such as hairstyle or eyeglasses. Responses and reaction times were
recorded from the onset of the second face with no time limit on responding.
Participants responded using one of two keys corresponding to same and
different. The ITI following the participant’s response was 500 ms.

Results

Performance in the sequential-matching task was measured by computing
percentage correct for “same trials” separately for the upright and the
inverted orientations across four levels of disguise (no change, hairstyle
change, eyeglasses added, hairstyle changed and eyeglasses added; for group
means, see Figure 4). A repeated measures two-way ANOVA was computed
using percentage correct as the dependent measure across two factors:
Disguise (four levels) and orientation (two levels). This ANOVA revealed a
main effect of disguise, F(3, 18) =20.7, p <.0001; Cohen’s d =1.45, suggest-
ing overall poorer matching performance when a disguise was present, and a
main effect of orientation, F(1, 18)=12.6, p <.003; Cohen’s d=0.6,
suggesting overall poorer matching performance with inverted faces. No
significant interaction was found, F(3, 54) =0.63, p =.6, suggesting that the
magnitude of the inversion effect was not significantly different despite the
presence or absence of a disguise. In order to examine the differential impact
of the three levels of disguises (i.e., hairstyle change, eyeglasses added,
hairstyle change and eyeglasses added), several post hoc Tukey HSD tests
were carried out. These tests revealed that at the p <.05 threshold there was
no significant difference between changes in hairstyle and the addition of
eyeglasses, p >.05; Cohen’s d =0.17, but that both of these manipulations
produced significantly better performance as compared to a hairstyle change
combined with the addition of eyeglasses: Glasses added vs. hairstyle/
eyeglasses change, p <.05; Cohen’s d =0.55; hairstyle change vs. hairstyle/
eyeglasses, p <.05; Cohen’s d =0.66.

Discussion

Consistent with the results of Experiment 1, Experiment 2 revealed a
significant main effect of disguise, indicating that changes in facial attributes
negatively impact recognition performance. This effect of disguise holds even
in instances where the disguise manipulation is readily apparent to
participants and their memory load is minimal. These findings offer further
evidence that observers do not encode invariant face representations, at least
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Figure 4. Experiment 2, average percentage correct for the sequential-matching task for: upright
faces no disguise (mean = 0.96, SD =0.05) and inverted faces no disguise (mean = 0.89, SD =0.09);
upright faces with a hairstyle change (mean = 0.79, SD =0.17) and inverted faces with a hairstyle
change (mean = 0.71, SD =0.2); upright faces with eyeglasses added (mean = 0.85, SD =0.16) and
inverted faces with eyeglasses added (mean = 0.72, SD =0.29); upright faces with hairstyle change
and eyeglasses added (mean =0.71, SD=0.15) and inverted faces with hairstyle change and
eyeglasses added (mean = 0.58, SD =0.25).

with respect to changes in facial attributes that nominally would not be held
to affect identity processing. Moreover, the short-term nature of the task in
Experiment 2 suggests that the detrimental effect of disguises found in
Experiment 1 was not driven by the high memory load imposed by learning
48 individual faces. In contrast to the results of Experiment 1, performance
was not differentially affected by a change in hairstyle and the addition of
eyeglasses, as both of these disguises produced a similar decrement in
performance. One possible explanation for this result is that, in this
experiment, participants did not have the chance to form a relatively stable
face representation in that they saw each face very briefly. Under such
conditions any change in physical appearance may be treated similarly,
producing indistinguishable performance decrements.

With respect to the primary goal of Experiment 2—gaining a better
understanding as to why disguises affect identity recognition—this question
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was addressed by comparing the performance on upright and inverted faces
across disguise conditions. In Experiment 2, no interaction was found
between disguises and orientation, suggesting that the cost of inversion did
not differ across presentations of undisguised and disguised faces, nor was it
modulated by the type of disguise applied to a face. This result suggests that
the presence of a disguise does not affect the face recognition strategy of
faces. Finally, as can be seen in Figure 4, inversion affected all three disguise
conditions equally, suggesting that different sorts of superficial facial
changes have about the same effect on recognition performance.

To summarize, the results of Experiment 2 demonstrate that the presence
of disguises affects identity recognition even when there is no significant
long-term memory load. More importantly, the presence of disguises is not
interacting with a part-based processing strategy, nor is it interacting with
the ability to perceive spatial distances between features. Thus, the primary
effect of disguises on identity recognition may be due to the fact that disguise
attributes, such as hairstyle or eyeglasses, are encoded as part of the overall
representation of an individual’s face despite their relative instability.
However, Experiment 2 does not allow us to entirely exclude the possibility
that observers may be modifying processing strategy between disguised and
undisguised faces. Namely, it is possible that the presence of disguises
interferes with a second strategy that is automatically applied to faces,
namely the bias to fuse all facial features into a unitary, holistic representa-
tion. This holistic processing has been proposed as a type of configural
processing distinct from the processing of second-order relations (Maurer
et al.,, 2002). The increased perceptual processing load created by the
introduction of a disguise could push observers to focus on a more localized
region of each face, thereby decreasing one’s typical bias to process faces as
gestalts. This possibility is examined in Experiment 3.

EXPERIMENT 3

Experiment 3 was designed to examine whether disguises interact with
holistic processing of faces using the “composite face” paradigm (Hole,
1994; Young et al.,, 1987). In a “complete” composite face paradigm
participants are asked to match either the top part (i.e., from the nose up)
or the bottom part (i.e., from the nose down) of a face across sequential
presentations (Cheung, Richler, Palmeri, & Gauthier, 2008). The relevant
parts can be either the same or different, and so can the irrelevant parts. This
gives rise to congruent trials (i.e., trials in which both relevant and irrelevant
parts lead to the same answer) and incongruent trials (i.e., trials in which
relevant and irrelevant parts lead to different answers). Holistic processing
bias can be measured by comparing performance between congruent and
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incongruent trials; differential performance across these two conditions
shows that participants have difficulty ignoring the irrelevant face part, and
thus have a propensity to fuse both the relevant and irrelevant face parts into
a unitary representation (Richler, Tanaka, Brown, & Gauthier, 2008). In
Experiment 3 we adapted the composite face paradigm to include disguised
faces. Disguises took the form of changes in hairstyle or eyeglasses and were
present only on the top part of a face, although participants were asked to
perform judgements on both the top and bottom face parts.

Method

Participants. Participants were 19 Brown University students. All
participants provided informed consent and received $7 or course credit
for their participation.

Design and materials. The face stimuli were again drawn from the
TarrLab face database. Stimulus preparation for this experiment consisted of
dividing each face into two halves, such that the top and bottom parts could
be combined across individuals. Nine male and nine female faces were
chosen, making sure to avoid any hairstyle that would extend to the lower
part of the face, thereby making it obvious that the two parts did not belong
to the same individual. The distribution of disguises was as follows: Six
female faces were used in their original version and with eyeglasses added,>
and three female faces were used in their original version and with a hairstyle
change; six male faces were used in their original version and with a hairstyle
change, and three male faces were used in their original version and with
eyeglasses added. All disguised versions were selected so as to have one
change in appearance (i.e., addition of eyeglasses or a new hairstyle)
compared to their undisguised version. In order to minimize differences in
width and make our composites more realistic, the stimuli were also
normalized in size using the outer contour of each face.

The experiment consisted of 144 trials divided into eight experimental
conditions (see Figure 5), such that there were 18 trials in each condition
(nine trials original and nine trials disguised). In half of the trials
participants were presented with faces that had no disguise (original; Figure
S, top). These trials were distributed among four conditions: Face tops and
face bottoms could both be the same across sequential presentation (same
and congruent), face tops and bottoms could both be different across
sequential presentations (different and congruent), face tops could be the
same while the bottoms were different (same and incongruent for a top

2We were unable to include trials with glasses subtracted as well as glasses added due to a
lack of available stimuli.
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Figure 5. (Top) Experiment 3, examples of original (undisguised) experimental trials for top and
bottom judgements. (A) Same congruent (top and bottom); (B) different congruent (top and bottom);
(C) same incongruent (top) or different incongruent (bottom); (D) different incongruent (top) or same
incongruent (bottom). (Bottom) Experiment 3, examples of disguised experimental trials for top and
bottom judgements. (A) Same congruent (top and bottom) with hair change; (B) different congruent
(top and bottom) 1 with eyeglasses; (C) same incongruent (top) or different incongruent (bottom) with
hair change; (D) different incongruent (top) or same incongruent (bottom) with eyeglasses. To view
this figure in colour, please see the online issue of the Journal.

judgement, different & incongruent for a bottom judgement), and lastly face
tops could be different while the bottoms were the same (different and
incongruent for a top judgement, same and incongruent for a bottom
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judgement). In the other half of the trials participants were presented with
faces that displayed a disguise created by either changing hairstyle or by
adding eyeglasses (Figure 5, bottom). These two types of disguises appeared
an equal number of times. These trials were also distributed among four
conditions: Face tops and bottoms could be the same but have a hairstyle
change or eyeglasses added across sequential presentation (same and
congruent), face tops and bottoms could both be different and eyeglasses
would be present in one of the two sequential presentations (different and
congruent), face tops could be the same but with a disguise present, while
bottoms were different (same and incongruent for a top judgement, different
and incongruent for a bottom judgement), and lastly face tops could be
different also in the presence of eyeglasses while bottoms are the same
(different and incongruent for a top judgement, same and incongruent for a
bottom judgement). Different individuals a/ways differed in hairstyle. All
eight trial types appeared an equal number of times throughout the
experiment in a random order.

Procedure. Participants performed a sequential-matching task on either
the tops or the bottoms of two “composite” faces. Each trial began with a
250 ms cue informing the participant whether he/she had to match the tops
or the bottoms. The first composite face was then presented for 500 ms,
followed by a mask identical to the one used in Experiment 2 that was also
presented for 500 ms. Finally, a second composite face was presented for 500
ms. The intertrial interval (ITI) was 500 ms. Participants were instructed to
be as fast and as accurate as possible in making their responses.

Results

Performance for each participant was assessed by computing d" measures of
accuracy separately for congruent and incongruent trials across top
judgements of original (undisguised) faces, top judgements of disguised
faces, bottom judgements of original faces, and bottom judgements of
disguised faces. Figure 6 shows mean 4" values for all eight conditions. A
three-way repeated measure ANOVA was computed using disguise (present,
absent), trial type (congruent, incongruent), and part judged (top, bottom)
as factors. This ANOVA revealed a significant main effect of disguise, F{(1,
18) =22.6, p <.0002; Cohen’s d =0.52, showing overall worse performance
when disguises were present. There was also a significant main effect of trial
type, F(1, 18) =15.6, p <.001; Cohen’s d =0.55, indicating an overall cost of
incongruency across all trial types. The d’ did not significantly differ between
top and bottom part judgements, F(1, 18) =0.52, p =.48. The ANOVA also
revealed two interactions. First, there was a significant Disguise x Part
judged interaction, F(3, 54) =48.5, p <.0001, Cohen’s d =1.6, suggesting a
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Figure 6. Experiment 3, (A) mean d measure of accuracy for judgements on top face part:
Congruent undisguised (mean = 2.59, SD =0.63), incongruent undisguised (mean = 1.91, SD =1.28),
congruent disguised (mean = 1.55, SD =0.88), incongruent disguised (mean = 1.11, SD =0.95); (B)
mean d measure of accuracy for judgements in bottom face part: Congruent undisguised
(mean =2.22, SD =0.82), incongruent undisguised (mean =1.51, SD =1), congruent disguised
(mean = 1.97, SD =0.75), incongruent disguise (mean = 1.84, SD =0.72).
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differential effect of disguises on top and bottom judgements. Tukey HSD
tests were carried out in order to understand the nature of this interaction.
These comparisons revealed that while judgements for top face parts were
significantly affected by the presence of disguises, p <.05; Cohen’s d =0.98,
there was no significant effect of disguise on bottom judgements, p >.05;
Cohen’s d=0.11. Second, there was a marginally significant interaction
between disguise and trial type, F(3, 54)=2.9, p=.1, Cohen’s d=0.41.
Tukey HSD tests revealed that this interaction was driven by a significant
effect of congruency for original trials, p <.05; Cohen’s d=0.72, but no
significant effect of congruency for disguised trials, p >.05; Cohen’s d =0.35.
No significant three-way interaction was found, F(1, 18) =0.92, p =.35.

Discussion

Experiment 3 investigated the holistic processing bias in the context of
disguises with the goal of better understanding how changes in identity-
irrelevant facial attributes affect processing strategies. First, the data showed
a significant main effect of disguise, which provided further confirmation of
the fact that the presence of a disguise hinders recognition performance.

Second, the data showed a main effect of congruency, showing better
performance on congruent trials compared to incongruent trials. The logic
behind the composite face paradigm being used to assess holistic processing
is that there are two alternate conditions: On one hand the top and bottom
of a face can lead to the correct answer (congruent); in contrast, the top and
bottom halves can lead to two competing responses (incongruent). Thus if
observers cannot help fusing the top and bottom halves (e.g., they
automatically form a “holistic” representation of each face), in the
incongruent trials they are more likely to provide an incorrect response
because of the competition between the two possible responses. In this
framework the effect of congruency on matching performance can be taken
as a measure of the bias for creating a holistic representation of the two face
parts fused into a single identity (Gauthier & Bukach, 2007; Richler et al.,
2008). Thus our data suggest that participants are processing the composite
faces holistically.

The results of Experiment 3 also revealed two interactions: A significant
interaction between the face part judged and the presence of disguises, and a
marginally significant interaction between disguise and congruency. The first
interaction was driven by a significant effect of disguises on judgements of
face tops and the absence of an effect of disguises on judgements of face
bottoms. Because disguises only ever appeared on the top halves of faces,
one could expect that disguises would be more detrimental to recognition for
top judgements as compared to bottom judgements. However, holistic
processing should render the disguises as potent regardless of where the
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disguises appear and what part the participants are attending to. Our present
results suggest that in the presence of disguises, observers may modify their
processing strategy to be better able to attend to the relevant half and ignore
the irrelevant half of each face. This conjecture is also supported by the
marginally significant interaction between the size of the congruency effect
and the presence of disguises, as this interaction is driven by the lack of
significant effect of the congruency manipulation when disguises were
present, in contrast to a significant effect of this manipulation when
disguises were absent.

In sum, Experiment 3 suggests that the presence of disguises interacts
with a holistic processing bias when participants are asked to process face
bottoms, but not when participants are asked to process face tops. This may
be the case because the disguises we used changed the appearance of the top
halves, which may drive participants to look at the bottom halves to help
them create a more “complete’ face representation even in cases where the
bottom halves should be ignored. In other words, the presence of a disguise
may increase the perceptual weight given to unmodified face parts, which in
the case of a top half judgement leads to an increase in holistic processing.
Alternatively, when participants are asked to make judgements on the
bottom halves, they might not be weighing information from the top halves
as much as they would in the absence of a disguise, in that the disguise
manipulations make it more difficult to extract meaningful information from
the disguised part.

GENERAL DISCUSSION

Almost all of us are experts at face recognition (Duchaine & Nakayama,
2005; Tanaka, 2001), and our perceptual expertise with faces appears to be
very robust to a wide variety of changes that we encounter in our day-to-day
lives, such as changes in facial expression, lighting conditions or viewing
angle. There is, however, one class of real-world facial transformations with
which—at least anecdotally—most observers will have experienced some
difficulty: Changes in the physical appearance of a face through alterations
of hairstyle, adding or removing eyeglasses and beards, covering the hair, etc.
Despite the prevalence of these types of transformations in real life, relatively
few studies have systematically assessed their impact on face recognition (but
see Diamond & Carey, 1977; Metzger, 1999; Patterson & Baddeley, 1977,
Terry, 1993, 1994). The goal of our present study was to systematically
examine what types of disguises are most damaging to face recognition, and
also to explore how these transformations affect performance.

Consistent with earlier studies, Experiment 1 found that changes in
physical appearance impair the recognition of unfamiliar faces. Moreover, by
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using several types of disguises the present results showed that recognition
memory decreases in relation to the number of changes between study and
test—the more changes the poorer the performance. Experiment 1 also
produced a relatively novel finding, showing that recognition was signifi-
cantly more impaired when hairstyle was changed or eyeglasses were
subtracted between study and test, compared to the addition of eyeglasses.
This result is consistent with the work of Terry (1994), who focused on the
impact of eyeglasses and beards on recognition. He proposed that the
differential effect of eyeglasses between study and test could be attributed to
differences in distinctiveness. He suggested that faces with eyeglasses are less
distinct from one another, compared to faces with no disguise. As a
consequence, when a face that was originally learned with eyeglasses is
seen without eyeglasses, it might appear more different compared to other
faces presented within that set, and thus might not be recognized easily
(Terry, 1994). However, this explanation does not account for our current
findings. First of all, in the present study faces with eyeglasses did not
represent the majority of faces, making it unlikely that they would have
influenced the perception of distinctiveness in the face set used. Moreover,
performance was equally affected by a change in hairstyle and by the
subtraction of eyeglasses, even though presumably the presence of very
different hairstyles across the face set used in the present experiment should
have maximized the diversity of the faces. The differential impact of these
different disguises instead suggest that a specific hairstyle and eyeglasses are
encoded as part of a relatively stable face representation for an individual
during the learning phase; in contrast, when eyeglasses are presented only at
test, observers are better able to ignore them and match the face with the
representation without eyeglasses. As a consequence, learned faces that
appear with a new hairstyle might look more different from the original
representation, compared to a learned face that at study appears with
eyeglasses.

Although Experiment 1 provides further evidence of the detrimental effect
of disguises on identity recognition, it still fails to provide evidence regarding
how processing strategies are disrupted when facial attributes are manipu-
lated. There are at least two hypotheses that can be derived from the results
of Experiment 1. First of all, the present results suggest that observers may
rely on local facial features both during the encoding and the recognition of
faces, such that when one or more of these features is disguised recognition
becomes more difficult. The reliance on local features could be due to the use
of unfamiliar faces, as previous studies have found that when presented with
unfamiliar faces, participants tend to use an image-matching type strategy
that weighs local features more heavily than configural cues (Bruce et al.,
1999; Hancock et al., 2000; Megreya & Burton, 2006). Alternatively, it is
possible that different types of disguises affect the second-order relations
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within the face, or the ability to use specific strategies such as parts-based
processing. For example, second-order relations may be disrupted by a
change in hairstyle that changes the perceived vertical distance between the
eyes relative to the hairline, or eyeglasses that might either interfere with the
perception both of horizontal and vertical relations between the eye region
and the edges of a face or act as occluders.

In order to tests these hypotheses, Experiment 2 relied on the well-
documented face inversion effect (Yin, 1969) in which picture-plane
inversion of a face is used to disrupt processing strategies, both part-based
and configural (McKone & Yovel, 2009). Based on work carried out by
Goffaux and Rossion (2007), we hypothesized that if disguises affected the
processing strategies of a face, we should observe a smaller cost of inversion
for disguised faces compared to undisguised faces. However, if disguises
acted primarily in the context of creating a less stable face representation, as
suggested by the results of Experiment 1, we should only observe an overall
cost of disguise on performance, but no interactions.

The results of Experiment 2 showed that the presence of a disguise
hinders recognition performance even when faces are presented sequentially,
but they failed to show a differential cost of inversion across changes in
facial attributes. Thus, Experiment 2 suggests that changing local facial
attributes, whether it is a hairstyle change, the introduction of eyeglasses, or
both, does not affect either perception of second-order relations or parts-
based processing.

Finally, regarding the possible mechanisms that underlie the decrement in
performance observed in the presence of disguises, it is possible that the
obvious presence of changes in physical attributes might influence another
configural processing strategy applied to face perception, namely the bias to
fuse different face parts and features into a unitary representation (Gauthier
& Tarr, 2002; Maurer et al., 2002). For example, the increased difficulty
introduced by disguises could bias observers to attend more to local facial
features and, in turn, this could reduce the ability to create a face gestalt.
Experiment 3 was designed to measure the impact of disguises on holistic
processing using the composite face paradigm (Hole, 1994; Young et al.,
1987). In the classic composite face paradigm, participants are presented
with faces created by merging the top and bottom of two different people
and they are asked to recognize or match either the top or the bottom half of
each face across stimulus presentations. Studies have shown that observers
process composite faces in a manner that fuses the different individual parts
into a new identity, thereby making it difficult to accurately judge an
individual part when, for example, face parts are presented one on top of the
other (e.g., Hole, 1994; Young et al., 1987). In the case of disguises,
composites can be used to assess whether the manipulation of specific
features (i.e., hairstyle, adding eyeglasses) affects the perception of only the
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face part in which disguises are present (the top), or whether it also interacts
with the global face configuration by influencing the perception of both
parts (top and bottom).

Experiment 3 replicated the findings of Experiment 1 and 2 with regard to
overall cost of disguise on identity recognition performance. However, the
results also suggest that the presence of a disguise interacts with the specific
judgements participants were asked to make. The results revealed a
significant interaction of disguise (disguised vs. undisguised) by part judged
(top vs. bottom) and a marginally significant interaction of disguise
(disguised vs. undisguised) by trial type (congruent vs. incongruent). Such
results point to the fact that although judgements to the top halves were
directly impaired in the presence of disguises, judgements to the bottom
halves were not. It is reasonable to believe that, given that disguises render
face recognition more challenging, in the bottom half condition participants
might be trying harder to focus their attention on the relevant face part (the
bottom), and thus were less affected by the type of top part presented. In
contrast, for top half judgements, congruency has a large effect. One possible
explanation is that because disguises are changing the appearance of the top
halves, participants are incorrectly (at least for incongruent trials) looking at
the bottom halves to help them create a more “complete” or more “stable”
face representation. Thus, in the case of top half judgements participants’
recognition processes are biased towards relying more on holistic processing
rather than the parts. This suggests that disguises affect both local feature
processing and holistic face perception. Taken together, these results suggest
that people can learn to adjust their weighting of featural or holistic cues
depending on the specific demands imposed by the recognition context.
Thus, if you have a coworker who frequently changes hairstyle, you may be
able to change the weight your facial recognition system places on that
feature for that individual.

In summary, the present experiments explored how changes in facial
attributes—disguises—affect face identification. The main goal of these
experiments was to understand why these real-world changes in facial
appearance are surprisingly difficult to deal with. Across all three experi-
ments, data showed that observers were worse at recognizing faces that had
been disguised in some manner, and, moreover, that the impact of this
manipulation is dependent on the type of disguises used. However, the
results of Experiment 3 suggest that the introduction of a disguise might
interact with the bias to create a holistic face percept. It is reasonable to
believe that disguises on unfamiliar faces are difficult to deal with because
they become part of the encoded face representation, and because they
interact with the holistic processing bias. Thus, we may be able to train
observers to be less affected by disguises and to ignore hairstyle and
eyeglasses while forming a face representation, at the same time maintaining
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holistic processing strategies. Such training might enable security and law
enforcement personal to better ignore features such as eyeglasses and
hairstyle, making them more accurate at recognizing the individuals they are
tasked with identifying.
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