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Abstract Traditional accounts of face perception emphasise
the importance of the prototypical configuration of features
within faces. However, here we probe influences of more gen-
eral perceptual grouping mechanisms on holistic face percep-
tion. Participants made part-matching judgments about com-
posite faces presented in intact external oval frames or frames
made frommisaligned oval parts. This manipulation served to
disrupt basic perceptual grouping cues that facilitate the
grouping of the two face halves together. This manipulation
also produced an external face contour like that in the standard
misaligned condition used within the classic composite face
task. Notably, by introducing a discontinuity in the external
contour, grouping of the face halves into a cohesive unit was
discouraged, but face configuration was preserved.
Conditions where both the face parts and the frames were
misaligned together, as in the typical composite task para-
digm, or where just the internal face parts where misaligned,
were also included. Disrupting only the face frame similarly
disrupted holistic face perception as disrupting both the frame
and face configuration. However, misaligned face parts pre-
sented in aligned frames also incurred a cost to holistic per-
ception. These findings provide support for the contribution of
general-purpose perceptual grouping mechanisms to holistic
face perception and are presented and discussed in the context

of an enhanced object-based selection account of holistic
perception.

Keywords Face perception . Object-based attention .

Grouping and Segmentation

Accounts of face perception have traditionally highlighted and
emphasized the importance of the prototypical configuration
of features within faces. Facial configuration has been sug-
gested to be critical in triggering or allowing access to face-
specific mechanisms (e.g., McKone, Kanwisher, & Duchaine,
2007; Tsao & Livingstone, 2008) and in structuring and pro-
viding the basis of a norm and/or template underlying holistic
face processing (Diamond & Carey, 1986; McKone et al.,
2007; Rhodes & Jeffery, 2006; Rossion, 2013). Support for
the importance of facial configuration comes from studies
demonstrating that disrupting the configuration of facial fea-
tures, via a variety of different manipulations, impairs holistic
processing (e.g., Tanaka & Farah, 1993; Tanaka & Sengco,
1997; Yin, 1969; Young, Hellawell, & Hay, 1987). However,
these manipulations of facial configuration also typically re-
sult in a disruption to the coherence of the face as a perceptual
unit and thus the degree to which the facial parts are grouped
together at a more basic perceptual level. Thus, it is unclear to
what degree this disruption to perceptual grouping, rather than
the change in the configuration of the facial features, drives
the reduction in holistic face perception. Here we examine
whether we can attenuate a classic marker of holistic face
perception by disrupting perceptual grouping, while keeping
the configuration of features within the face intact.

The holistic nature of face processing is one of the most
striking differences between the processing of face and non-
face objects. Holistic processing refers to how facial features
are obligatorily processed in the context of their relations with
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other features, creating more efficient representations (Farah,
Wilson, Drain, & Tanaka, 1998; Tanaka & Farah, 1993;
Tanaka & Sengco, 1997) but also rendering it difficult for
the person to ignore irrelevant face parts while attending to
relevant parts (Gauthier, Curran, Curby, & Collins, 2003).
This processing style contrasts with the more Bfeature-based^
processing typical for non-face objects, where object features
are processed more independently.

A number of classic markers or indices of holistic process-
ing have been established within the face recognition literature
(e.g., Tanaka & Sengco, 1997; Yin, 1969; Young et al., 1987).
A key feature of these markers is that they appear to be de-
pendent on the configuration of the features within the face
being intact. One of the most robust is revealed in the com-
posite task, which demonstrates people’s obligation to process
intact faces as wholes: when making a judgment about one
half of the face, they experience interference from the other,
task-irrelevant half. This has led to holistic perception, espe-
cially as revealed in the composite face task, being described
as a failure of selective attention to parts (Richler, Tanaka,
Brown, & Gauthier, 2008). The degree to which manipula-
tions of the task-irrelevant part impacts judgments about the
task-relevant part provides an index of holistic perception. For
example, holistic processing can be indexed via the composite
effect: the cost to identifying part of a face (e.g., the top half)
when it is aligned with the bottom half of a different face,
relative to when these parts are misaligned (which disrupts
holistic perception). The disruption to holistic face perception
by misalignment is considered a consequence of the disrup-
tion to the configuration of features within the face.

Part-matching judgments about composite faces are also
influenced by the compatibility of the task-irrelevant face
parts (i.e., whether it would require the same [congruent] or
a different [incongruent] response as that for the task-relevant
part; congruency effect) (Gauthier et al., 2003). The congru-
ency effect, which serves as another index of participants’
inability to selectively process only the task-relevant face
parts, is also attenuated for misaligned face composites, pro-
viding further support for the importance of an intact facial
configuration for holistic face perception. In fact, the degree to
which the congruency effect is modulated by alignment is a
key feature of holistic processing (Richler, Bukach, &
Gauthier, 2009).

However, examples where holistic face perception is mod-
ulated in the absence of a disruption to the configuration of the
face raise questions about the degree to which holistic pro-
cessing is tied to face configuration. For example, indices of
holistic processing can be modulated by manipulating ob-
servers’ emotional states (Curby, Johnson, & Tyson, 2012).
Inducing a negative emotional state resulted in a drop in ho-
listic face perception. The degree to which indices of holistic
face perception were reduced by the induction of a negative
emotional state could be predicted by the degree of change

observers reported in their mood at an individual level.
Further, the degree to which holistic face perception was fa-
cilitated by a positive mood induction could also be predicted
by the effectiveness, at an individual level, of the positive
mood induction in inducing a positive mood. Notably, posi-
tive emotional states have been suggested to broaden the dis-
tribution of attention, while negative emotional states are sug-
gested to do the opposite (Fredrickson & Branigan, 2005).
Thus, holistic perception may depend on the adoption of an
appropriate, broader attentional strategy. This finding is con-
sistent with a potential role of attention in supporting holistic
perception of faces.

Clues to the mechanisms that drive holistic processing
might be found in the literature on ‘object-based’ attention.
Intriguingly, object-based attention appears to result in phe-
nomena not unlike the failure of selective attention revealed
within the composite task. Attention is allocated to objects in
an Bobject-based^ manner with the object being the unit of
selection. A typical marker of object-based attention is that
when attention is directed to part of an object, other parts of
that object enjoy a processing advantage (Egly, Driver, &Rafal,
1994). This is referred to as a same-object advantage.
However, this Badvantage^ can also be a cost under altered task
conditions. For example, flanker interference is greater when
non-targets flanking a target are perceived to be on the same,
compared to a different, object (Kramer & Jacobson, 1991). In
the case of the composite face task, object-based attention
would result in attention Bspilling^ over to the task-irrelevant
face part, producing performance costswhen the task-irrelevant
part contains misleading information. In this way, the automatic
spreading of attention to (Hollingworth, Maxcey-Richard, &
Vecera, 2012; Richard, Lee, & Vecera, 2008), or prioritization
of (Shomstein & Yantis, 2002), the task-irrelevant regions of
the same object can effectively produce a failure of selective
attention not unlike that observed in the context of the compos-
ite face task. Thus, it is possible that the holistic processing
effects documented in the composite face task are supported
by, at least in part, object-based attention.

The perception of Bobjecthood^ is essential for object-based
attention. Objecthood refers to the perception of a shared struc-
ture and/or identity across visual features or parts (Palmer,
1977), and it is strongly influenced by perceptual grouping cues
such as connectedness, similarity, and good continuation of form
(Palmer, 1977). Importantly, indexes of object-based attention
are strongly influenced bymanipulations of perceptual grouping
cues designed to impact the perception of objecthood
(Matsukura & Vecera, 2006). It is noteworthy that many of the
manipulations that have been shown to disrupt holistic face
perception are also known to impact the perception of
objecthood, such as manipulations of depth-plane (Nakayama,
Shimojo, & Silverman, 1989; Taubert & Alais, 2009) or inver-
sion of highly familiar stimuli (Vecera & Farah, 1997; Yin,
1969). For example, Vecera and Farah (1997) demonstrated that

2570 Atten Percept Psychophys (2016) 78:2569–2578



inversion of letter stimuli, which, like faces, are a highly familiar
category for which observers typically have considerable exper-
tise processing, disrupted image segmentation. Notably, image
segmentation is a critical precursor to the perception of
objecthood. In addition, the misalignment of face parts, one of
the most widely used manipulations to disrupt holistic face per-
ception, disrupts the Gestalt grouping cue of good continuation
of contours (among others), most obviously in terms of the
external contour of the face. Thus, it is possible that the percep-
tion of objecthood, via its role in supporting object-based atten-
tion, is critical for the holistic perception of faces.

The potential role of basic factors determining perceptual
grouping and the perception of objecthood in supporting holis-
tic perception has also been highlighted by evidence that strong
Gestalt grouping cues can drive face-like holistic perception of
non-face objects (Zhao, Bulthoff, & Bulthoff, 2016).
Specifically, face-like holistic perception was found for non-
face line patterns that were strong in Gestalt grouping cues.
However, once the Gestalt information in these stimuli was
weakened, by converting them to dot (line) patterns, the degree
to which they were processed holistically was markedly re-
duced. These findings are also generally consistent with the
proposed role of Gestalt cues in supporting holistic perception.

Consistent with the suggested importance of intact percep-
tual grouping for holistic face perception, we have also pro-
vided evidence that manipulations that weaken the objecthood
of stimuli, and thus object-based selection of the stimulus,
impair indices of holistic perception of face, but not non-face,
stimuli (Curby, Entenman, & Fleming, 2016; Curby,
Goldstein, & Blacker, 2013). Specifically, when composite
faces are presented in the context of perceptual cues that dis-
rupt the perceptual grouping of the faces parts, namely when
the parts are presented on differently colored and misaligned
rectangles, holistic perception is impaired. However, one lim-
itation of this study was that the effects were based on the
introduction of cues discouraging the grouping of the framing
elements, rather than the face parts themselves. This was nec-
essary as the importance of face configuration in driving ho-
listic face perception can not be teased apart from the potential
contribution of more general mechanisms related to
objecthood and object-based attention, unless the latter were
manipulated while the internal configuration of facial features
remained intact. However, as a consequence, the manipula-
tions employed in our previous studies were indirect. Here we
aim to more directly assess the contribution of a disruption to
objecthood in producing the drop in holistic processing with
misalignment in the composite face task.

Experiment 1

Experiment 1 examines the proposal that the drop in holistic
processing when face parts are misaligned, as measured by the

congruency effect, is driven, in part, by a disruption to the
perceptual grouping of the face parts, rather than just to the
configuration of features within the face. As noted earlier,
misaligning the face parts disrupts the good continuation of
the external face contour, an important Gestalt grouping cue
that supports the perception of objecthood of the face. The
robust drop in indices of holistic perception with misalignment
may be a result of disrupted perceptual grouping, or more spe-
cifically its consequences for object-based attention. These pre-
dictions were examined using a modified composite face task
where the framing contours of the face stimuli were misaligned,
but the configuration of the internal features, that is, the spatial
arrangement of the eyes, nose, and mouth, remained intact.
Notably, here the framing contour refers to the contour of the
shape within which the face stimulus is embedded, not the
natural contour of the face (e.g., the jaw line). To provide base-
lines for comparison, the standard conditions where the framing
contour and the internal features were either both aligned or
both misaligned were also included. If object-based attention
plays a key role in producing holistic perception of faces, it is
predicted that disrupting only the external framing contour of
the face (and thus object-based selection of the face) will atten-
uate holistic perception similarly to when both the external
contour and internal features are misaligned. Alternatively, if
object-based selection does not contribute to holistic perception
of faces, holistic perception should remain intact, even when
object-based selection is disrupted, providing the familiar face
configuration is preserved, as in the case when only the framing
contour is disrupted.

Methods

Participants Thirty-nine (23 female, Mean age = 21.5 years,
SD = 2.3) undergraduate psychology students participated in
this study for course credit. All individuals reported having
normal or corrected to normal vision.

Stimuli The stimuli consisted of 20 greyscale front-view im-
ages of male (ten) and female (ten) faces wearing neutral ex-
pressions from the Karolinska Directed Emotional face
(KDEF) database (Lundqvist, Flykt, & Ohman, 1998).
Using Photoshop, the faces were placed in an oval frame that
covered their hair and other external features. The faces and
frames (7.8° × 7.8°) were then divided into two halves along a
horizontal plane aligned with the bridge of the nose. Two
additional versions of the stimuli were made: (1) where the
two frame halves, but not the faces halves were misaligned by
0.68° by shifting the bottom and tops halves of the frames by
0.34° in opposite directions, and (2) where both the faces parts
and the frames were misaligned together. Note that the images
were adjusted so that only the internal framing contour was
misaligned, but not the external contour of the frame (see
Fig. 1 for example images).
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Procedure Participants performed a modified version of the
composite face task. As in the standard composite task, face
composites were created by combining the top of one face
with the bottom of another face. The top and bottom parts
were presented so that they either appeared aligned or
misaligned. However, if the faces parts were aligned, they
either appeared in an oval frame in which the top and bottom
frame parts were also aligned (Fig. 1A) or in a frame that was
misaligned (Fig. 1B). In the cases where the face parts were
misaligned, the frames were also misaligned (Fig. 1C). The
same face identities were used in all the conditions, thus the
stimuli across the conditions only differed in terms of the
framing and/or configuration (alignment) of the top and bot-
tom parts. Each trial started with a central fixation dot
(1,000 ms), followed by a composite (chimeric) face compris-
ing of the top and bottom parts of different faces (1,000 ms).
This was masked by a textured pattern (for 1,000 ms) that also
contained either a bracket around the top or bottom part indi-
cating which part was the task-relevant part. Following the
mask, a second face and the bracket cue were briefly presented

(200 ms), followed again by the textured pattern and bracket
cue (for 2,500 ms or until response). Participants’ indicated
via a key press whether the cued half (top or bottom) of the
second face was the same or different in identity to that of the
first face. Participants completed 16 blocks of 16 trials con-
taining faces in either aligned (four blocks) or misaligned face
frames (eight blocks). For blocks were the frame parts were
misaligned, the block either contained trials where the internal
face parts were misaligned, consistent with the frame, or
aligned (four blocks of each were included). The order of
blocks was randomized for each participant and participants
were offered a break every 32 trials. Within each block, for
half of the trials the same/different relationship between the
task-irrelevant (non-cued) face parts in the two faces was
congruent with the relationship between the task-relevant
(cued) parts. In other words, in congruent trials, if the task-
relevant parts differed between the two faces, thus rendering
the correct response for the trial Bdifferent,^ the task-irrelevant
face parts also differed. In the other half of the trials within a
block, the same/different relationship between the task-

Fig. 1 Trial structure used for the modified composite face task. The
aligned [(A) and (B)] and misaligned [(C) and (D)] face parts either
appeared in aligned [(A) and (D)] or misaligned [(B) and (C)] frames.
(Note, the condition where the misaligned face was presented in an
aligned frame [i.e., (D)] only appeared in Experiment 2.) A condition
was also included where the task-relevant part was presented in

isolation (not shown). A dashed bracket served as the cue in each trial
to indicate which face part (top or bottom) the participant should make a
same/different judgment on. In the example, the bracket is around the top
half, indicating the matching judgment should be performed on the top
part
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irrelevant (non-cued) face parts in the two faces was
incongruent with the relationship between the task-relevant
(cued) parts. For example, if the task-relevant parts differed
between the two faces, thus again rendering the correct re-
sponse for the trial Bdifferent,^ the task-irrelevant face parts
were the same. An isolated part condition (four blocks) was
also included where only the task-relevant part of the second
face was presented. Participants completed a total of 256 face
trials, consisting of 64 trials where a face part was presented in
isolation, and 96 of each congruent and incongruent trials
spread evenly across the three main experimental conditions
(faces aligned and frames aligned, faces aligned and frames
misaligned, and faces misaligned and frames misaligned).

Analysis Given that the purpose of the study was to examine
the contribution of the disruption to the external contour to the
robustly documented drop in holistic processing observed
when face parts are misaligned, only participants who had a
holistic processing index (d’congruent – d’incongruent) ≥ 0 in the
baseline, aligned face and aligned frame, condition were in-
cluded. This resulted in data from one participant being
excluded.

Results

Sensitivity analysis A 3 (alignment; aligned face/frame,
misaligned face/frame, aligned face/misaligned frame) × 2
(congruency; congruent, incongruent) ANOVA performed on
the sensitivity (d’) scores revealed a main effect of congruency,
F(1,37) = 90.16, p ≤ .0001, η2p = .71. The main effect of
alignment failed to reach significance, F(2,74) = 2.65, p
=.078, η2p = .07. However, there was a significant interaction
between congruency and alignment, F(2,74) = 6.43, p =.003,
η2p = .15. Scheffe post-hoc tests revealed a significant effect of
congruency in all three alignment conditions, all ps<.0001.
However, the size of this effect, an index of holistic perception,
varied considerably across conditions (see Fig. 2A).

Planned paired t-tests (2-tailed) performed on indices
of holistic processing (d’congruent – d’incongruent) to address
our specific hypotheses revealed the expected drop in ho-
listic processing between the aligned face/frame and
misaligned face/frame conditions, t(37) = 3.73, p < .001,
Hedges’s gav = .681. There was also a significant drop in
holistic processing when just the frame was misaligned
(i.e., aligned face/misaligned frame condition) relative to
when both the face parts and frames are aligned, t(37) =
2.24, p = .032, Hedges’s gav = .44. However, there was no
significant difference in holistic processing between when
just the frame was misaligned and when both the face and

frames were misaligned, t(37) = 1.20, p = .237, Hedges’s
gav = .25, as in the standard composite face misaligned
condition.

1 Effect sizes were calculated following the procedure outlined in Lakens
(2013).

Fig. 2 (A) Mean sensitivity (d′) and (B) response time for the congruent
(diamonds) and incongruent (squares) conditions, and the resulting index
of holistic perception (congruency effect, filled bars, reflecting the
difference between these conditions) in Experiment 1. The dashed line
shows the baseline performance level when only the task-relevant face part
was presented. Holistic perception of aligned faces appearing in amisaligned
face frame was reduced relative to that for faces presented in a aligned
(intact) face frame. In the sensitivity (d') data, holistic perception in this
condition was similar to that observed for faces where both the face parts
and the frame were misaligned. Error bars represent standard error values
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Response time analysis A 3 (alignment; aligned face/frame,
misaligned face/frame, aligned face/misaligned frame) × 2
(congruency; congruent, incongruent) ANOVA was per-
formed on the response time data from correct trials to aid in
the interpretation of the analysis of the sensitivity (d’) data.
This analysis revealed a main effect of congruency, F(1,37) =
28.04, p ≤ .0001, η2p = .43. There was no main effect of
alignment, F(2,74) = 1.52, p = .226, η2p = .04. However, there
was a significant interaction between congruency and align-
ment, F(2,74) = 7.19, p = .001, η2p = .16. Scheffe post-hoc
tests revealed a significant effect of congruency in face/frame
aligned condition and in the face aligned/frame misaligned
condition (both ps<.0015), but not in the face/frame
misaligned condition (p>.05). Again, the size of this effect,
an index of holistic perception, varied considerably across
conditions (see Fig. 2B).

Planned paired t-tests (2-tailed) performed on RT indices of
holistic processing (i.e., RT congruent – RT incongruent) revealed a
drop in holistic processing between the aligned face/frame and
misaligned face/frame conditions, t(37) = 3.57, p = .001,
Hedges s gav = .82. The change in holistic processing when
just the frame was misaligned (i.e., aligned face/ misaligned
frame condition), relative to when both the face parts and
frames were aligned, did not reach significance, t(37) = 1.51,
p = .14, Hedges s gav = 0.31. However, there was a significant
difference in holistic processing between when just the frame
was misaligned (i.e., aligned face/ misaligned frame condi-
tion) compared to when both the face and frames were
misaligned, t(37) = 2.35, p = .024, Hedges s gav = . 52, as
in the misaligned condition in the standard composite task.
Importantly, the general pattern of findings were not unlike
that found in the analysis of the sensitivity data, that is, with
the mean holistic processing index for the aligned face/
misaligned frame condition being at an intermediate level be-
tween the aligned face/frame and misaligned face/frame con-
ditions, inconsistent with the presence of a speed accuracy
trade-off.

Performance in the isolated part condition, that is, where
only the task-relevant part was presented, generally fell nu-
merically between performance in the conditions where a con-
gruent or an incongruent task-irrelevant part appeared. This
was the case for both sensitivity (d ) and response time (RT)
measures (see Fig. 2). This is consistent with the congruency
effect being a product of both interference from incongruent
parts and facilitation from congruent parts, although the con-
tribution of each varied across conditions.

Discussion

The attenuation of holistic face perception by the disruption of
basic perceptual cues grouping the face parts together, namely
the good continuation of the external face contour, is consis-
tent with the suggestion that perceptual grouping mechanisms

contribute to holistic face perception effects. It is noteworthy
that the external contour in the misaligned frame condition is
the same as that in the standard misaligned condition in the
composite task used to index holistic perception. However,
unlike in the typical misaligned condition, the configuration
of the features within the face remained intact. Strikingly, the
sensitivity data revealed that the attenuation of holistic pro-
cessing after disrupting the perceptual grouping of the face
parts, but not their configuration, was comparable to that when
both perceptual grouping and facial configuration was
disrupted. Although, the response time data revealed greater
holistic processing when only perceptual grouping, and not
configuration, was disrupted.

Experiment 2

While we have demonstrated that disrupting perceptual group-
ing of the face parts can disrupt holistic perception, the degree
to which perceptual grouping supports holistic perception is
still unclear. Specifically, the absence of a condition in
Experiment 1 where the external contour was intact, but the
internal configuration of the facial features was disrupted, ren-
ders it difficult to tease apart the role of perceptual grouping
cues and face configuration in supporting holistic face percep-
tion. Experiment 2 addresses this limitation by including a
condition where the misaligned face parts are placed within
an intact (aligned) face frame. The inclusion of this condition
allows us to more fully assess the importance of the good
continuation of the external face contour in supporting holistic
perception effects. In addition, by including the same condi-
tions as in Experiment 1, Experiment 2 not only has a full
design where all combinations of frame and face alignment
conditions are included, but it also allows us to assess the
replicability of the effects reported in Experiment 1.

Methods

Participants Thirty (21 female, Mean age = 22.3 years, SD =
7.1) undergraduate psychology students at Macquarie
University participated in this study for course credit. All in-
dividuals had normal or corrected to normal vision. An a priori
power analysis performed, based on the effect size of the con-
gruency × alignment interaction in Experiment 1, indicated
that a minimum of 22 participants would be required to
achieve 95 % power. Additional participants were allowed to
sign-up for the study to allow for the failure of scheduled
participants to show and/or data loss due to poor performance.

Stimuli The stimuli were the same as that used in Experiment
1, except an additional version of the stimuli were created
where the top and bottom halves of the composite faces were
misaligned but were then placed in an aligned frame (see
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Fig. 1 D). The frame and misalignment procedure used to
create these stimuli was the same as that used in Experiment 1.

Procedure and analysis The experimental procedure was the
same as that in Experiment 1 except an additional condition
was added where the misaligned face was presented in an
aligned frame. Applying the same exclusion criteria as in
Experiment 1 resulted in four participants being excluded.

Results

Sensitivity analysisA 2 (face alignment; aligned, misaligned)
× 2 (frame alignment; aligned, misaligned) × 2 (congruency;
congruent, incongruent) ANOVA was performed on the sen-
sitivity (d’) scores. This analysis revealed a main effect of
congruency, F(1,25) = 90.55, p ≤ .0001, η2p = .78, but no
main effect of face, F(1,25) = .35, p = .561, η2p = .014, or
frame, F(1,25) = .05, p = .834, η2p = .0018, alignment.
However, there was a significant interaction between congru-
ency and face alignment, F(1,25) = 9.66, p < .005, η2p = .28.
There was also an interaction between congruency and frame
alignment, F(1,25) = 4.26, p < .050, η2p = .15. Scheffe post-
hoc tests revealed a significant effect of congruency in all face/
frame alignment conditions, all ps < .002. However, as in
Experiment 1, the size of this effect, an index of holistic per-
ception, varied considerably across conditions (see Fig. 3A).

To explore the basis of the interactions between congruency
and face or frame alignment, planned paired t-tests (2-tailed)
were performed on indices of holistic processing (d’congruent –
d’incongruent). These tests revealed the expected drop in holistic
processing when both the face parts and the frames were
misaligned compared to when they were both aligned, t(25)
= 4.01, p = .0004, Hedges’s gav = .90. The expected drop in
holistic processing when just the frame was misaligned (i.e.,
aligned face/misaligned frame condition) relative to when both
the face parts and frames are aligned, was marginally signifi-
cant t(25) = 1.95, p = .062, Hedges’s gav = .48, consistent with
the main findings from Experiment 1. There was also a drop in
holistic processing when just the face parts were misaligned
(i.e., misaligned face/aligned frame condition) relative to when
both the face parts and frames are aligned, t(25) = 2.99, p =
.006, Hedges’s gav = .77. Notably, indices of holistic percep-
tion in both these conditions, that is, where only the frame,
t(25) = 1.40, p = .172, Hedges’s gav = .42, or only the faces
parts where misaligned, t(25) = .36, p = .719, Hedges’s gav =
.09, did not differ from that when both the face and frame were
misaligned, as in the standard composite face misaligned con-
dition, nor did they differ between themselves, t(25) = 1.25, p =
.222, Hedges’s gav = .31.

Response time analysis A 2 (face alignment; aligned,
misaligned) × 2 (frame alignment; aligned, misaligned) × 2
(congruency; congruent, incongruent) ANOVA was

performed on the response time data from correct trials to
aid in the interpretation of the analysis of the sensitivity (d’)
data. This analysis revealed a main effect of congruency,
F(1,25) = 10.84, p = .003, η2p = .30. There was a main effect
of frame alignment, F(1,25) = 5.80, p = .024, η2p = .19, with
better performance in the aligned, than the misaligned, frame

Fig. 3 (A) Mean sensitivity (d′) and (B) response time for the congruent
(diamonds) and incongruent (squares) conditions, and the resulting index
of holistic perception (congruency effect, filled bars, reflecting the differ-
ence between these conditions) in Experiment 2. The dashed line shows
the baseline performance level when only the task-relevant face part was
presented. As found in Experiment 1, in the sensitivity (d’) data, holistic
perception of aligned faces appearing in a misaligned face frame was
reduced relative to that for faces presented in a aligned (intact) face frame.
However, the aligned frame was not able to facilitate holistic perception
of misaligned face parts; holistic perception of misaligned faces presented
in aligned or misaligned frames was similarly poor. Error bars represent
standard error values

Atten Percept Psychophys (2016) 78:2569–2578 2575



condition. There was nomain effect of face alignment, F(1,25)
= .35, p = .560, η2p = .01. However, there was a marginally
significant interaction between congruency and face align-
ment, F(1,25) = 4.11, p = .053, η2p = .14 (see Fig. 3B).

Planned paired t-tests (2-tailed) performed on response
time (RT) indices of holistic processing (RTcongruent –
RTincongruent) failed to reveal any significant difference in ho-
listic processing when both the face parts and the frames were
misaligned compared to when they were both aligned, t(25) =
0.58, p = 0.566, Hedges’s gav = . 15. There was also no sig-
nificant difference in holistic processing when just the frame
was misaligned (i.e., aligned face/misaligned frame condi-
tion), t(25) = 1.16, p = 0.257, Hedges’s gav = .33), or just the
face was misaligned, t(25) = 1.40, p = 0.175, Hedges’s gav =
.46, relative to when both the face parts and frames are
aligned, although there was a trend towards a cost in the later
case. Notably, indices of holistic perception in both of these
conditions, that is, where only the frame, t(25) = 1.37, p =
0.184, Hedges’s gav = .40, or only the faces parts where
misaligned, t(25) = 0.87, p = .392, Hedges’s gav = .25, also
did not differ from that when both the face and frame were
misaligned, as in the standard composite face misaligned con-
dition. Thus, there is no statistical evidence of a speed accu-
racy trade-off occurring in the data from Experiment 2.

As in Experiment 1, performance in the isolated part con-
dition generally fell numerically between performance in the
conditions where a congruent or an incongruent task-
irrelevant part appeared for both sensitivity (d’) and RT mea-
sures (see Fig. 3).

Discussion

Experiment 2 provided a replication of the findings from
Experiment 1: misaligning the framing contour of the face
disrupted holistic processing, even when the configuration of
the internal features remained intact. However, presenting a
face with a disrupted configuration in an intact face frame did
not preserve holistic face processing. The disruption to holistic
processing when just the internal features were misaligned
was equivalent to that when both the internal features and
external face frame were misaligned. Thus, while a disrupted
face frame can disrupt holistic perception of faces, an intact
frame cannot support holistic perception in the context of a
face with a disrupted configuration.

The slightly smaller size of the effect of misaligning the
framing contour of the face on holistic processing in
Experiment 2 appears to be a result of increased variability
in the data as numerically the size of the cost is similar across
the experiments. It is possible that the introduction of the
condition where the face parts were misaligned, but presented
in aligned frames, created a disruptive task context for the
other conditions as these faces have a strange and almost gro-
tesque appearance.

The inability of the intact frame in Experiment 2 to support
holistic perception of a face with a disrupted configuration
suggests that the disruption to holistic perception in the
misaligned condition in the composite face task is not entirely
driven by the disrupted external contour that results from this
manipulation. Also noteworthy is that, in both Experiment 1
and Experiment 2, the level of holistic perception of faces with
an intact internal configuration but distracted external contour,
sits numerically at an intermediate level between the condition
with both configuration and external contour intact and that
with both disrupted. Thus, both intact perceptual grouping and
intact facial configuration appear necessary for normal holistic
perception to occur.

General discussion

The studies reported here provide converging evidence of the
importance of general object processing mechanisms for ho-
listic perception, as indexed via the composite face task. As
predicted, holistic perception was impaired when the Gestalt
grouping cue of good continuation was disrupted by placing
the face in a misaligned frame. This finding suggests that the
disrupted contour that results from misaligning the top and
bottom parts of composite faces can serve as an important
feature contributing to the reduced holistic processing of
misaligned faces. This finding is consistent with our previous
demonstration that disrupting the perceptual grouping of the
top and bottom face parts, in that case by presenting the top
and bottom face parts on misaligned and differently colored
backgrounds, impairs holistic perception (Curby et al., 2016;
Curby et al., 2013). Notably, these data extend our previous
findings by adopting a more direct manipulation to disrupt the
perceptual grouping of the face parts, while again leaving the
configuration of facial features intact. Specifically, while our
previous study manipulated contextual (background) cues that
supported or impaired perceptual grouping, our current study
manipulated cues to disrupt the objecthood of the face that
could be perceived as part of the stimulus itself: that is, its
external contour.

In addition, by including the standard misaligned condi-
tion, these data extend our previous findings by providing a
direct comparison of the degree to which disrupting perceptual
grouping, compared to disrupting the configuration of the
face, drives the robust and widely demonstrated cost to holis-
tic perceptionwith part misalignment. Further, the current data
provides important new insights into this classic misalignment
effect that is the cornerstone of our understanding of holistic
face perception. Our findings suggest that the disruption to the
face template may only partially account for the drop in holis-
tic perception with part misalignment. Instead, our findings
suggest that the disruption to the objecthood of the face, which
occurs as a consequence of misalignment, plays a central role.
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The likely importance of the disruption to the external con-
tour in driving the attenuation of holistic processing observed
with misalignment has also been noted previously in the liter-
ature (Rossion, 2013). Laguesse and Rossion (2013) exam-
ined whether it was likely the introduction of the discontinuity
in the external contour, which causes a Bbreaking^ of the
whole, or the increase in metric distances between important
facial features (e.g., the eyes and mouth) that underlies the
drop in holistic processing with misalignment. They paramet-
rically manipulated the degree of misalignment (and thus the
change in distances between the features) and found similar
effects regardless of degree of misalignment. Consistent with
the findings reported here, Rossion (2013) suggested that it is
the ability to perceptually integrate the face parts that is critical
in driving the misalignment effect, rather than the changes to
distances between features. Further, we suggest that this per-
ceptual integration of the facial features may oblige observers
to select the face as a perceptual unit, contributing to the ho-
listic effects observed in the composite face task.

Our findings also appear to provide support for the
importance of (intact) facial configuration in supporting
holistic face perception: holistic perception was similarly
attenuated for faces with a misaligned configuration, re-
gardless of whether they were presented with an intact or
disrupted external contour. However, the potential mech-
anistic basis of the impact of disrupting the familiar fa-
cial configuration on holistic perception is not clear.
Some possibilities are discussed below.

The impact of experience on perceptual grouping and
object-based attention renders it difficult to fully tease apart
the relative contribution of the familiar face configuration and
perceptual grouping in supporting holistic face perception.
Experience can establish and/or strengthen groupings between
parts, resulting in stronger object-based attention for familiar
than unfamiliar shapes and orientations (Vecera & Farah,
1997; Zemel, Mozer, Behrmann, & Bavelier, 2002).
Specifically, highly familiar stimuli, such as letters, have been
shown to exhibit markers of strong objecthood. For example,
image segmentation, a critical precursor for objecthood, is
superior for upright, compared to inverted, letters (Vecera &
Farah, 1997). Our extensive experience with faces may render
them into highly coherent units obliging object-based selec-
tion. These qualities – strong grouping between features and
the resulting cohesive object-based representations – may fa-
cilitate interactive encoding of features and their object con-
text (i.e., Bholistic^ effects) and underlie demonstrated failures
of selective attention to features within faces. Thus, given
evidence that familiarity and experience can facilitate group-
ing, our extreme familiarity with the classic (upright) face
configuration may be integral in supporting the proposed
strong objecthood of faces and thus the coherence of the face
as a perceptual unit. Disrupting the configuration of facial
features may impair this benefit afforded to highly familiar

objects, thereby weakening the grouping and coherence of
the face as stimulus.

On a related note, disrupting the configuration of the inter-
nal features likely also disrupted the objecthood of the face at a
stimulus level, even when the external contour remained in-
tact. An unfortunate consequence of misaligning the internal
facial features is a disruption to the internal contours within
the face. These contours also likely support the grouping of
the facial features. That is, despite the external framing con-
tour being intact, a number of other, internal contours are
disrupted when the face parts are misaligned. For example,
the contour of the bridge of the nose and the convex contour
of the cheeks is disrupted when the face parts are misaligned.
It is possible, even likely, that the disruption to the good con-
tinuation of the internal face contours served to impede the
automatic spreading of attention to, or prioritization of, the
other, task-irrelevant, part of the face. Thus, it is unclear to
what degree the reduced holistic perception of the misaligned
face parts presented with an intact external contour was driven
by the disruption to the configuration or to the perceptual
grouping of the face parts.

Recent work by Zhao and colleagues is consistent with a
disrupted perceptual grouping account of the impaired holistic
perception of misaligned faces, even when they are presented
in an aligned frame. This work highlighted the potential role
of the strong Gestalt grouping within face stimuli as a factor
driving holistic face perception by revealing face-like holistic
perception for non-face stimuli strong in Gestalt grouping
cues (Zhao, Bulthoff, & Bulthoff, 2016). Given that countless
stimuli possess an external contour with good continuation, it
is unlikely that this perceptual grouping cue alone supports the
strong grouping present in face stimuli. Thus, the internal
shape information (e.g., contours) within faces is also likely
to contribute to the strong perceptual grouping within faces. It
may not be surprising that holistic perception is impaired
when these internal grouping cues are disrupted, despite being
presented in an intact external frame (contour).

It is possible that holistic perception involves face-specific
mechanisms that are tied to facial configuration and that such
mechanisms require perceptual grouping to be intact to oper-
ate. Specifically, while disrupting perceptual grouping would
impair holistic perception, intact perceptual grouping in the
presence of a disrupted facial configuration might be insuffi-
cient to support holistic face perception. Thus, perceptual
grouping might operate independently of holistic perception,
but it must be intact for holistic perception to occur. Further
studies are required to explore this possibility.

In sum, the findings reported here raise a number of ques-
tions and suggest many avenues for future research. While
they provide converging evidence of the importance of intact
perceptual grouping for holistic face perception, they also re-
veal how disrupting the internal face configuration impairs
holistic perception. However, the mechanistic basis by which
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disruptions of internal face configuration impact holistic pro-
cessing remains an open question. Future studies should ex-
amine, for example, whether it is also linked with perceptual
grouping via the discontinuities to the internal contours of the
face introduced when the facial configuration was changed, or
alternatively whether facial configuration more directly sup-
ports holistic perception via providing access to an upright
face template necessary for holistic perception.

In conclusion, our findings support the suggestion that the
disruption to Bobjecthood^ with face part-misalignment con-
tributes to the classic misalignment effect on holistic process-
ing of faces. Disrupting the perception of the face as a percep-
tual unit, whether it be via introducing a discontinuity in the
external frame or contextual cues that break the perceptual
grouping of the face parts (as we did previously), disrupts
holistic face perception. Future work should aim to understand
if and how perceptual grouping and configuration work to-
gether to produce holistic processing effects.
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