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Abstract Face perception is widely believed to involve
integration of facial features into a holistic perceptual unit,
but the mechanisms underlying this integration are relatively
unknown. We examined whether perceptual grouping cues
influence a classic marker of holistic face perception, the
“composite-face effect.” Participants made same–different
judgments about a cued part of sequentially presented chi-
meric faces, and holistic processing was indexed as the
degree to which the task-irrelevant face halves impacted
performance. Grouping was encouraged or discouraged by
adjusting the backgrounds behind the face halves: Although
the face halves were always aligned, their respective back-
grounds could be misaligned and of different colors.
Holistic processing of face, but not of nonface, stimuli was
significantly reduced when the backgrounds were mis-
aligned and of different colors, cues that discouraged group-
ing of the face halves into a cohesive unit (Exp. 1). This
effect was sensitive to stimulus orientation at short (200 ms)
but not at long (2,500 ms) encoding durations, consistent
with the previously documented temporal properties of the
holistic processing of upright and inverted faces (Exps. 2
and 3). These results suggest that grouping mechanisms,
typically involved in the perception of objecthood more
generally, might contribute in important ways to the holistic
perception of faces.
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One of the most robust and commonly used markers of
holistic face processing is the composite effect (e.g., Richler,
Cheung, & Gauthier, 2011; Schiltz, Dricot, Goebel, &
Rossion, 2010; Susilo, Crookes, McKone, & Turner, 2009;
Young, Hellawell, & Hay, 1987). This effect, also known as
the composite illusion, refers to conditions in which the top
and bottom halves of different faces are combined to make a
chimeric face, perceptually fusing together to create a new
hybrid identity. As a consequence, observers experience dif-
ficulty making a perceptual judgment about the top or bottom
half of such faces without being influenced by the other, task-
irrelevant half. Participants are released from fusing the face
parts together into a holistic gestalt when the parts are mis-
aligned or rotated by 180° (Young et al., 1987). In the case of
misalignment, the release from otherwise obligatory holistic
processing is generally assumed to occur because of the
disruption of the prototypical facial configuration to which
face-specific mechanisms are tuned.

Mechanistically, one reason that misalignment disrupts
holistic face perception might be because it disrupts per-
ceptual grouping of the face parts. If face perception is
governed by the same gestalt grouping principles that
apply to nonface objects, misaligning the face parts should
impact on the integrity of a face’s “objecthood”—that is,
the strength with which the parts are grouped into a single
entity. For example, the disruption to the global contour of
the face with misalignment of the top and bottom parts
would be expected to weaken the grouping of these parts.
Notably, in aligned chimeric faces, the continuity in the
global contour of the top and bottom parts would facilitate
the grouping of these parts. Perceptual grouping cues,
such as good continuity, are often thought of as the
tension or “glue” that holds perceptual features together

K. M. Curby (*)
Department of Psychology, Faculty of Human Sciences, Building
C3A, Macquarie University,
Sydney, New South Wales 2109, Australia
e-mail: kim.curby@mq.edu.au

R. R. Goldstein
Department of Psychology, Louisiana State University,
Baton Rouge, LA, USA

K. Blacker
Department of Psychology, Temple University,
Philadelphia, PA, USA

Atten Percept Psychophys (2013) 75:83–91
DOI 10.3758/s13414-012-0386-9



to form objects. Currently, it is unclear whether a disrup-
tion to perceptual grouping cues can facilitate a release
from holistic processing even, perhaps, when the face
parts themselves are aligned, and thus the face configura-
tion remains intact.

In previous studies documenting the misalignment-
driven attenuation of holistic face processing, the disruption
to the configuration of the facial features has been con-
founded with a potential disruption to the perceptual group-
ing of the parts. Thus, it has been unclear from these studies
whether a weakening in the perceptual grouping of the face
parts, independent of their physical misalignment, contrib-
utes to the disruption of holistic face processing. One pos-
sibility is that the effect of misalignment stems from a
weakening of the perceptual grouping of the face parts,
which thereby allows the top and bottom halves of the face
to be perceived more independently. This possibility is
especially interesting given previous work suggesting that
holistic processing is a result of automatic and obligatory
attention to all object parts (e.g., Richler, Wong, & Gauthier,
2011). Disruption of the perceptual grouping of face parts
may facilitate an observer’s ability to selectively process the
task-relevant part in the composite-face task, reducing indi-
ces of holistic face perception. This hypothesis is explored
in the following three experiments.

Experiment 1

If disruption of perceptual grouping contributes to reduced
holistic processing with misalignment, contextual manipu-
lations that impact perceptual grouping should disrupt ho-
listic face processing even in the absence of a disruption to
the face configuration. Furthermore, if such an effect
involves specialized face-processing mechanisms, these
manipulations should primarily disrupt the processing of
face, but not of nonface, stimuli. Here we modified the
classic composite-face paradigm so as to disrupt the group-
ing of the face halves while leaving the configuration
(alignment) of the facial features intact. This was done by
manipulating the backgrounds behind the top and bot-
tom face halves so that they appeared either to be two
different fragments or part of a uniform field. In the
former case, the two backgrounds were themselves mis-
aligned (disrupting the gestalt cue of continuity) and
were of different colors (disrupting the gestalt cue of
similarity); in the latter case, they were aligned and of
the same color. Notably, both discontinuities in contours
and different coloration of the parts within objects have
been demonstrated to disrupt the perception of an object
as a single unit (Goldfarb & Treisman, 2011; Watson &
Kramer, 1999). Importantly, the face halves themselves
were always aligned with each other. The same

manipulation was also applied to pictures from a non-
face category—namely, cars.

Method

Participants A group of 60 undergraduate students from
Temple University participated in this study for course
credit. The data from ten participants were excluded
from the analyses for the reasons described in the
Procedure section (final sample: 22 males, 28 females;
age, M 0 20.5 years, SD 0 3.17). All participants had
normal or corrected-to-normal vision and provided in-
formed consent prior to participation.

Stimuli The stimuli were 20 grayscale front-view images of
faces with neutral expressions, cropped to remove the hair
and ears, and 20 grayscale, profile-view car images
(sedans). Two stimulus versions of each object were created,
one centered on a blue background and the other centered on
a red background. Additional copies of the images were
made in which the background, but not the face/car, was
shifted to the left or the right (see Fig. 1 for sample stimuli).
All of the images were then divided along the horizontal
plane at the bridge of the nose (for faces) or just above the
wheel cavity (for cars).

Procedure Participants performed a part (top or bottom)
matching task with chimeric images made from the tops
and bottoms of different stimuli. Depending on which of
two conditions the participants were randomly assigned to,
they made such judgments about either face or car stimuli.
The two image parts were separated by a black line six
pixels wide. Each trial proceeded as follows: fixation screen
(1,000 ms), a chimeric stimulus (1,000 ms), a pattern mask
(2,000 ms), and a second chimeric stimulus (2,500 ms or
until response). In “grouped” trials, the backgrounds of the
top and bottom images were aligned and their colors
matched. In “ungrouped” trials, the backgrounds of the top
and bottom images were misaligned and of different colors
(see Fig. 2). A cue, in the form of a horizontal bracket,
appeared above or below the second chimeric image to
indicate which of the two halves, top or bottom, the partic-
ipants should judge to be the “same” or “different” in the
two chimeric images. On half of the trials, the relationship
between the task-irrelevant parts was congruent with that of
the task-relevant parts, and on the other half the relation-
ships were incongruent. For example, on a “congruent”
bottom-matching trial, if the bottom parts of the two chime-
ric images were the same, the top parts would also match. In
an “incongruent” trial, if the bottoms of the two images
matched, the tops would differ (and vice versa). To the
degree that participants were able to base their judgments
on only the task-relevant part, without interference from the
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task-irrelevant part, there should be no effect of congruency.
In previous studies, the difference in performance between
congruent and incongruent trials has been greater for upright
faces than for either inverted faces or nonface objects
(Curby, Johnson, & Tyson, 2012; Gauthier, Curran, Curby,
& Collins, 2003; Richler, Tanaka, Brown, & Gauthier,
2008). Notably, the degree to which the congruency effect
was modulated by the physical misalignment of the face
parts (i.e., the interaction between the effect of congruency
and part misalignment) has also separated the performance
between face and nonface (or inverted face) conditions in
this task and is an established index of holistic processing
(e.g., Richler, Cheung, et al. 2011). Trials in our study were
blocked by background types (aligned/same color vs. mis-
aligned/different colors), and four blocks of 32 trials were
performed for each background type in a random order.

Participants were given a practice session consisting of 16
trials to ensure that they were familiar with the task format.
Trials in which a participant failed to input a response were
excluded from the analysis. Furthermore, the data from four
participants who failed to respond to at least 85 % of the
trials were excluded (the remaining participants lost an av-
erage of < 3 % of trials). In addition, the data from six
participants were excluded due to poor performance (i.e., d′
≤ 0 in at least one condition).

Results and discussion

Sensitivity (d′) analysis A 2 (grouping cues: grouped, un-
grouped) × 2 (congruency: congruent, incongruent) × 2 (stim-
ulus category: faces, cars) analysis of variance (ANOVA)
performed on the sensitivity (d′) measures for each condition
revealed main effects of congruency, F(1, 48) 0 83.31, p ≤
.0001, and grouping cues, F(1, 48) 0 4.60, p 0 .037, but not of
stimulus category, F(1, 48) 0 1.75, p 0 .19, with performance
sensitivity for part matching being greater for congruent than
for incongruent trials and for grouped than for ungrouped
trials. We found a significant interaction between congruency
and stimulus category, F(1, 48) 0 15.21, p 0 .0003, with
greater sensitivity for faces relative to cars in the congruent
(p < .0001), but not in the incongruent, condition (p 0 .28).
There was also a three-way interaction between congruency,
stimulus category, and grouping cues, F(1, 48) 0 4.12, p 0
.048. To unpack this interaction, separate two-way ANOVAs
were performed on the data from the face and car conditions.
For the face condition, significant main effects of grouping
cues, F(1, 21) 0 4.28, p 0 .05, and congruency, F(1, 21) 0
57.95, p ≤ .0001, emerged, as well as an interaction between
these variables, F(1, 21) 0 7.02, p 0 .015, with greater sensi-
tivity for the grouped than for the ungrouped faces in the
congruent (p 0 .002), but not in the incongruent, condition
(p 0 .77). In contrast, for the car condition, we found a
main effect of congruency, F(1, 27) 0 20.41, p 0 .0001,
with greater sensitivity in the congruent than in the
incongruent condition, but no main effect of, or inter-
action with, perceptual grouping cues (both ps > .35).
Thus, as is shown in Fig. 3a, grouping cues modulated
the congruency effect for faces but not for cars.1

Fig. 2 Trial structure used in Experiment 1, with examples from trials
in which the context (left) encouraged or (right) discouraged the
perceptual grouping of the face parts (referred to as the grouped and
ungrouped conditions, respectively). The dashed bracket served as the
cue in each trial to indicate which part (top or bottom) the participant
should make the matching judgment on

Fig. 1 Example car, inverted face, and upright face stimuli from the
grouped (left column) and ungrouped (right column) conditions

1 An alternative index of holistic processing compares the hit rate for
incongruent trials (see, e.g., Susilo et al., 2009). To aid in comparisons
with the full existing literature, an ANOVA was performed on this
subset of data. We found no main effects of, or interaction between,
stimulus category and grouping cues, ps > .11. The results of this
analysis should be interpreted cautiously, for two reasons: (1) the loss
of power due to performing an analysis using only 25 % of our
available data (i.e., only the hit rate) and (2) potential concerns that
previous findings have suggested with this alternative method of ana-
lyzing the data (e.g., Cheung, Richler, Palmeri, & Gauthier, 2008;
Richler, Cheung, et al., 2011; Richler, Mack, Palmeri, & Gauthier,
2011).
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Response time analysis A similar ANOVA performed on
the response times from correct trials revealed main effects
of category, F(1, 48) 0 10.44, p < .0022, and congruency, F
(1, 48) 0 13.65, p < .0006, with faster response times for
face than for car trials and for congruent than for incongru-
ent trials, but no effect of grouping cues, p 0 .93. No
significant interactions emerged between any variables (all
ps > .16). Thus, a trade-off between response time and d′
was not present, and thus cannot account for the effects
present in the d′ data.

The greater effect of perceptual grouping cues on the
congruency effect for faces, as compared to that for cars,
is consistent with the hypothesis that disrupting the per-
ceptual grouping of face parts contributes to the effect of
misalignment on specialized holistic face-processing
mechanisms. Notably, the difference in the impacts of
the grouping cue manipulation on the face and car con-
ditions cannot be attributed to an overall difference in
performance levels between the two conditions2.
However, it remains possible that stimulus-level differences
between the face and car stimuli, such as their perceptual
complexity or inherent part structure, may have contributed
to the greater vulnerability of face processing to the
contextual-grouping cue manipulation.

Experiment 2

To address the possibility that the results of Experiment 1
stemmed from stimulus-level differences between the face
and car stimuli unrelated to holistic processing, in

Experiment 2 we examined the effect of contextual-
grouping cues on the holistic processing of inverted faces.
Inverted faces have the same lower-level stimulus proper-
ties as upright faces but are processed less holistically.
Thus, if the contextual-grouping cues that discourage the
grouping of face parts impact on orientation-sensitive
face-specific mechanisms, this effect should be attenuated
for inverted faces. Specifically, in Experiment 2 we tested
the interaction between grouping cues and congruency for
inverted faces and, in a three-way ANOVA, compared this
to the same interaction found for upright faces in
Experiment 1.

Method

Participants and stimuli A group of 36 individuals partici-
pated in this study for course credit. The data from six
participants were excluded after applying the same exclu-
sion criteria used in Experiment 1 (final sample: 30; 17
female, 13 male; age, M 0 19.8 years, SD 0 1.713). All of
the participants had normal or corrected-to-normal vision
and provided informed consent. The stimuli were the same
face images used in Experiment 1, except that they were
rotated (in-plane) 180°.

Procedure and data analysis The procedure and data anal-
ysis were the same as in Experiment 1.

Results and discussion

Sensitivity (d′) analysis A 2 (grouping cues: grouped, un-
grouped) × 2 (congruency: congruent, incongruent)
ANOVA performed on the sensitivity (d′) measures

2 The pattern of significant findings remained the same after the mean
sensitivities (d's) were matched across the face and car conditions (by
removing the poorest performers in the car condition, the car group
mean d' became 1.41, N 0 22, as compared to the face group mean d' of
1.40, N 0 22; p 0 .95). 3 Sex and age information was not collected from one participant.

Fig. 3 Sensitivity (d′) for the congruent (diamonds) and incongruent
(squares) conditions, and the resulting index of holistic processing
(filled bars, reflecting the difference between these conditions) for (a)
upright faces and cars in Experiment 1 and (b) inverted faces in
Experiment 2. Holistic processing was reduced (i.e., the congruency

effect) for upright and inverted faces, but not for cars, when the stimuli
were presented in the context of perceptual cues discouraging the
grouping of the top and bottom parts. Error bars represent standard
error values
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calculated for each condition revealed a main effect of
congruency, F(1, 29) 0 27.12, p ≤ .0001, with better perfor-
mance sensitivity for part matching on congruent than on
incongruent trials. No main effect emerged of grouping
cues, p 0 .86. However, we did find an interaction between
grouping cues and congruency, F(1, 29) 0 6.11, p 0 .02,
with the effect of congruency being greater in the grouped
than in the ungrouped condition. Thus, the grouping cues
significantly modulated holistic processing of the inverted
faces.

A 2 (grouping cues: grouped, ungrouped) × 2 (congru-
ency: congruent, incongruent) × 2 (orientation: upright,
inverted) ANOVA comparing performance sensitivity with
inverted faces to that with the upright faces from
Experiment 1 revealed main effects of congruency, F(1,
50) 0 91.50, p ≤ .0001, with greater sensitivity for congruent
than for incongruent trials, and of orientation, F(1, 50) 0
5.43, p 0 .024, with greater sensitivity for upright than for
inverted faces. The main effect of grouping cues also
approached significance, F(1, 50) 0 3.10, p 0 .084, with
somewhat greater sensitivity for grouped than for ungrouped
trials. Congruency interacted with both orientation, F(1, 50) 0
12.36, p 0 .0009, and grouping cues, F(1, 50) 0 12.63, p 0

.0008, with greater sensitivity for upright than for inverted faces
in the congruent (p < .0001), but not in the incongruent (p 0

.99), condition. The three-way interaction between congruency,
orientation, and grouping cues was not significant (p 0 .86), as
is shown in Fig. 3b, with grouping cues failing to disrupt the
congruency effect more for upright than for inverted faces.4

Response time analysis A similar ANOVA performed on
response times revealed a main effect of congruency, F(1,
50) 0 43.5, p < .007, with faster response times for congru-
ent than for incongruent trials. No main effect of orientation
or grouping cues was present (both ps > .6). We also found
no interactions between any variables (all ps > .19).

The similar impacts of the grouping cues manipulation on
holistic processing, as indexed by the congruency effect, for
upright and inverted faces appears inconsistent with a contri-
bution of the perceptual grouping cues to the typically
orientation-specific holistic perception of faces. However,
some evidence has suggested that the difference between the
processing of upright and inverted faces may be quantitative
rather than qualitative, with inverted faces being processed in

a manner qualitatively similar to that for upright faces, but less
efficient (Richler, Mack, et al., 2011; Sekuler, Gaspar, Gold, &
Bennett, 2004; Willenbockel et al., 2010). Specifically,
Richler, Mack, et al. demonstrated that inverted faces can be
processed holistically if sufficient encoding time is allowed.
This is relevant, as the encoding time used in Experiment 2
was within the time frame that allows for holistic processing
of inverted faces.

Experiment 3

Experiment 3 included the same upright and inverted faces as
in Experiments 1 and 2, but with an encoding time that only
allowed for holistic processing of the upright faces. We pre-
dicted that if grouping cues specifically impact holistic face
perception, the reduction in encoding time should eliminate the
effect of the perceptual grouping cues on performance for
inverted faces, while leaving this effect intact for upright faces.

Method

Participants and stimuli A group of 68 individuals partici-
pated in this study for course credit. The data from 12 partic-
ipants were excluded after applying the same exclusion
criteria used in Experiment 1 (final sample: 56; 40 female,
16 male; age, M 0 20.09 years, SD 0 1.69). The participants
were randomly assigned to the upright and inverted face
conditions. All participants had normal or corrected-to-
normal vision and provided informed consent. The stimuli
were the same face images used in Experiments 1 and 2.

Procedure and data analysis The procedure and data
analysis were the same as in Experiment 1, except the
trial event timing was as follows: fixation screen
(1,000 ms), chimeric stimulus (1,000 ms), pattern mask
with part cue (1,000 ms), second chimeric stimulus with
part cue (200 ms), and pattern mask with part cue
(2,500 ms or until response).

Results and discussion

Sensitivity (d′) analysis A 2 (grouping cues: grouped, un-
grouped) × 2 (congruency: congruent, incongruent) × 2 (ori-
entation: upright, inverted) ANOVA revealed main effects
of congruency, F(1, 54) 0 194.52, p ≤ .0001, with greater
sensitivity for congruent than for incongruent trials, and
orientation, F(1, 54) 0 26.05, p ≤ .0001, with greater
sensitivity for upright than for inverted faces. We found
no main effect of grouping cues (p 0 .96). Congruency
interacted with orientation, F(1, 54) 0 73.47, p ≤ .0001,

4 A similar ANOVA performed on the hit rates for incongruent trials
revealed a main effect of orientation, F(1, 50) 0 9.29, p < .005, with
higher hits rates for upright than for inverted trials. In addition, a main
effect of grouping cues emerged, F(1, 50) 0 6.98, p 0 .011, with higher
performance in the grouped than in the ungrouped context. We found
no interaction between orientation and grouping cue (F < 1). Again, the
inconsistency between the results of this analysis and the analysis of d'
likely reflects the unfortunate loss of power due to performing an
analysis using only 25 % of our available data (i.e., only hit rates).

Atten Percept Psychophys (2013) 75:83–91 87



with greater sensitivity for upright than for inverted faces
in the congruent (p < .0001), but not in the incongruent
(p 0 .99), condition. The three-way interaction between
congruency, orientation, and grouping cues was also signif-
icant, F(1, 54) 0 5.70, p 0 .021. To unpack this three-way
interaction, separate two-way ANOVAs were performed on
data from the upright and inverted conditions. For the
upright condition, a main effect emerged of congruency,
F(1, 27) 0 182.5, p ≤ .0001, but not of grouping cues (p 0

.46). However, there was an interaction between congruen-
cy and grouping cues, F(1, 27) 0 7.99, p 0 .0088, with
greater sensitivity for the grouped, relative to the un-
grouped, faces in the congruent (p 0 .01), but not in the
incongruent (p 0 .21), condition. In contrast, for the
inverted condition, we found a main effect of congruency,
F(1, 27) 0 23.66, p ≤ .0001, with greater sensitivity in the
congruent that in the incongruent condition, but no main
effect of, or interaction with, perceptual grouping cues
(both ps > .42). Thus, as is shown in Fig. 4, grouping
cues modulated the congruency effect for upright, but not
for inverted, faces.5

Response time analysis A similar ANOVA performed on
response times revealed main effects of orientation, F(1,
54) 0 6.08, p 0 .017, and congruency, F(1, 54) 0 13.7, p <
.0005, with faster response times for upright than for
inverted and for congruent than for incongruent trials. We
also found an interaction between orientation and congru-
ency, F(1, 54) 0 13.6, p 0 .0005, with a significant effect of
congruency for upright (p < .0001), but not for inverted (p 0
.99), faces. However, there was no main effect of, or inter-
action with, grouping cues (ps > .12).

The impact of perceptual grouping cues on sensitiv-
ity (d′) for part judgments of upright, but not of
inverted, faces when the presentation time was only
sufficient to allow for holistic perception of upright
faces is consistent with this effect influencing the
specialized orientation-specific mechanisms supporting
holistic face perception.

General discussion

Holistic processing, as measured in the composite-face
paradigm, was disrupted by contextual cues that

discouraged the perceptual grouping of the face parts
(Exp. 1). Of note is the ability of such cues to impact
holistic face perception even when the face parts them-
selves are aligned, and thus the configuration of the
facial features is intact. In addition, the face-specific
nature of this effect provided further support for the
impact of perceptual grouping cues on specialized
face-processing mechanisms.

Furthermore, the orientation-sensitive nature of this effect
at short (200 ms), but not at long (2,500 ms), encoding
durations is also consistent with an impact of perceptual
grouping cues on holistic face perception (Exps. 2 and 3).
Specifically, when the encoding duration was sufficient to
allow for upright and inverted faces to be processed holis-
tically (Richler, Mack, et al., 2011), we found an effect of
the perceptual grouping manipulation on performance for
both inverted and upright faces (Exp. 2). However, when the
encoding time was reduced so as to no longer allow inverted
faces to be processed holistically, contextual grouping cues
only impacted upright face performance (Exp. 3). Notably,
the impact of perceptual grouping cues on holistic process-
ing of upright faces for both long (2,500 ms) and short (200
ms) encoding durations is consistent with previous reports
that holistic processing can occur with as little as 183 ms
presentations of upright faces (Richler, Mack, et al., 2011).
This ability to predict and manipulate whether inverted and/
or upright face perception would be impacted by our per-
ceptual grouping manipulation, using knowledge of the
distinct time courses of holistic processing for these stimuli
(as previously documented by Richler, Mack, et al., 2011),
provides strong evidence against a role of more general

5 A similar ANOVA performed on the hit rates for incongruent trials
revealed a main effect of orientation, F(1, 54) 0 9.12, p < .005, with
lower hit rates for upright than for inverted trials, but no main effect of
grouping cues, F(1, 54) 0 2.81, p 0 .10. In addition, the interaction
between orientation and grouping cue was marginally significant, F(1,
54) 0 3.78, p 0 .057, with better part judgments in the ungrouped than
in the grouped context for upright (p 0 .01), but not for inverted (p 0
.85), faces. Notably, despite only utilizing 25 % of the available data,
this pattern mimics that of the d' analysis utilizing the full data set.

Fig. 4 Sensitivity (d′) for the congruent (diamonds) and incongruent
(squares) conditions, and the resulting index of holistic processing
(filled bars, reflecting the difference between these conditions) for
upright and inverted faces in Experiment 3. Holistic processing was
reduced (i.e., the congruency effect) for upright as compared to
inverted faces when faces were presented in the context of perceptual
cues discouraging the grouping of the top and bottom parts. Error bars
represent standard error values
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stimulus-based differences, unrelated to holistic processing,
in driving these effects. Thus, the orientation sensitivity and
temporal properties of the effect of perceptual grouping cues
on face perception is consistent with the ability of such cues
to impact specialized holistic-processing mechanisms.

The effect of perceptual grouping cues on holistic face
processing, as indexed via the composite-face effect, offers
insight into our understanding of the effect of misalignment on
holistic face perception. A number of influential theories of
face perception have proposed the existence of a face “norm”
or “template” and that stimuli matching this general template
trigger specialized face-processing mechanisms (e.g.,
Leopold, O’Toole, Vetter, & Blanz, 2001; Rhodes, Brennan,
& Carey, 1987; Valentine, 1991). In the context of such
theories, changing the configuration of the features within a
face by misaligning the top and bottom halves presumably
impacts holistic processing because the resulting stimulus no
longer matches an internal face template. Thus, such stimuli
would no longer trigger specialized (holistic) face perception
mechanisms. However, the fact that the prototypical face
configuration remained intact in our perceptual grouping
manipulation suggests that misalignment may disrupt holistic
processing not only by impacting the physical match of the
face to an internal template, but also by breaking the percep-
tual grouping of the parts. This finding is not necessarily
inconsistent with the existence of an internal face template
(but see Richler, Mack, et al., 2011; Richler et al., 2008), but it
does suggest that the perceived grouping of the facial features,
not just their physical configuration, can interfere with the
matching of a stimulus to an internal face template.

Recent work by Taubert and colleagues has suggested
that both a template-matching process and a holistic-
grouping process contribute to face processing, but on dif-
ferent time scales (Taubert & Alais, 2011; Taubert, Apthorp,
Aagten-Murphy, & Alais, 2011). Specifically, the holistic
process was suggested to occur before the template-
matching process. Notably, abundant evidence has sug-
gested that perceptual grouping mechanisms, such as those
impacted by the contextual manipulation used in the experi-
ments reported here, operate very early on in processing
(Kimchi & Hadad, 2002). Thus, the potential of multiple
distinct mechanisms to contribute to the unique hallmarks of
face processing—that is, an earlier holistic-grouping mech-
anism and a later template-matching process—allows for the
integration of the findings reported here with template-
matching models of face perception.

Cues discouraging the grouping of face parts might dis-
rupt holistic face perception via their impact on object-based
attention. Object-based attention refers to when attentional
deployment is guided by object structure rather than only by
spatial location, as in the case of spatial attention (e.g., Egly,
Driver, & Rafal, 1994). Perceptual grouping cues, via their
contribution to the perception of objecthood, play an

important role in defining the entities available for (object-
based) attention selection. Specifically, indices of object-
based attention are influenced by gestalt grouping principles
like those manipulated in the present study (Kramer &
Jacobson, 1991; Marino & Scholl, 2005; Matsukura &
Vecera, 2006). Object-based attention is frequently indexed
as facilitated allocation of attention to regions perceived as
being part of the same object as a target (Kramer & Jacobson,
1991) or as a pretarget cue (Egly et al., 1994). This has been
interpreted as reflecting an automatic spreading (Richard,
Lee, & Vecera, 2008; Vecera & Farah, 1994) or prioritization
(Shomstein & Yantis, 2002) of attention to regions within an
attended object. Furthermore, depending on the task, this
spread of attention through an object can facilitate or impair
performance, depending on whether the information within
regions of the same object is congruent or incongruent with
the correct response to task-relevant information (e.g.,
Kramer & Jacobson, 1991).

One possibility is that holistic face perception, as indexed
via the composite-face effect, stems in part from an auto-
matic prioritization of both the task-relevant and -irrelevant
face parts, due to the allocation of attention to the face as a
unit—that is, object-based attention. Physically misaligning
the face parts, thus disrupting the cohesiveness of the face as
a unit of selection, might allow attention to more effectively
target the task-relevant part. Consistent with this possibility,
other manipulations known to disrupt objecthood and thus
object-based attention, such as spatially separating different
parts of an object or presenting them on different depth
planes, has also been shown to disrupt holistic face percep-
tion (Taubert & Alais, 2009).

Furthermore, the tasks used to demonstrate object-based
attention and those, such as the composite-face effect, used
to index holistic face perception bear some striking similar-
ities (Kramer & Jacobson, 1991; Richard et al., 2008). For
example, Kramer and Jacobson had participants make a
judgment about a target while ignoring adjacent distractors.
The distractors, which served as targets on other trials, could
be compatible or incompatible with respect to the correct
response of the target. The key manipulation was that the
distractors and the target could be embedded in the same
object or in different objects. Kramer and Jacobson found a
robust decrease in the compatibility effect when the target
and distractors were embedded in different objects. In addi-
tion, this effect was modulated by perceptual cues encour-
aging (common color) or discouraging (different colors) the
grouping of the target and flanking stimuli. In a similar vein,
in the composite-face task used to index holistic processing,
participants are asked to make a judgment about a target (top
or bottom face part), while ignoring an adjacent distractor
(the other, task-irrelevant part of the face). The task-
irrelevant distractor parts also serve as targets on other trials
and could be compatible or incompatible with respect to the
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correct response for the task-relevant target part. Furthermore,
in a key manipulation in the composite task, the distractor is
either aligned, thus binding with the target to make a coherent
object, or misaligned, thus disrupting object-based attention.
In this way, perceptual cues discouraging the grouping of face
parts may serve to similarly disrupt the employment of object-
based attention, facilitating participants’ ability to selectively
attend to the task-relevant face part, resulting in a decrease in
indices of holistic processing.

Given the orientation-specific nature of the impact of
perceptual grouping cues on holistic face processing, it is
notable that experience with a particular stimulus orien-
tation can strengthen the perception of objecthood
(Vecera & Farah, 1997). Experience has been identified
as a key factor in image segmentation—that is, in deter-
mining whether and how perceptual features will be
grouped. For example, fragments from upright letters
are more strongly grouped than those from inverted
letters or nonfamiliar shapes (Vecera & Farah, 1997).
Specifically, participants are faster at determining whether
two probed locations are on the same or different over-
lapping shapes when the shapes are upright letters, as
compared to inverted letters or nonletter shapes. In addi-
tion, participants are faster to make a judgment about
two features on separate fragments behind an occluding
shape when their experience is consistent with these two
features belonging to the same object versus different
objects (Zemel, Mozer, Behrmann, & Bavelier, 2002).
Evidence that experience- and stimulus-based influences
on perceptual grouping occur in approximately the same
time frame further supports the potential of experience to
have a pervasive influence on the perception of object-
hood, and thus on object-based attention (Kimchi &
Hadad, 2002). Future studies should further probe the
potential role of object-based attention in supporting ho-
listic processing of faces, especially given other recent
work also questioning the assumptions underlying tradi-
tional accounts of holistic face perception (Gold, Mundy,
& Tjan, 2012).

In conclusion, holistic face perception, as indexed via
the composite-face effect, is disrupted by cues discour-
aging the perceptual grouping of face parts. Given the
key role that perceptual grouping cues play in determin-
ing the units of object-based attention, these findings
suggest that object-based attention may contribute to the
difficulty that observers experience when trying to se-
lectively attend to parts within faces, which is charac-
teristic of holistic face perception in the composite-face
task. Future studies will be needed to determine the
nature of the contribution of perceptual grouping to
markers of holistic processing more generally.
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