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The most widely used measurement of holistic face perception, the composite face effect
(CFE), is challenged by two apparently contradictory goals: having a defined face part
(i.e., the top half), and yet perceiving the face as an integrated unit (i.e., holistically).
Here, we investigated the impact of a small gap between top and bottom face halves in
the standard composite face paradigm, requiring matching of sequentially presented top
face halves. In Experiment 1, the CFE was larger for no-gap than gap stimuli overall,
but not for participants who were presented with gap stimuli first, suggesting that the
area of the top face half was unknown without a gap. This was confirmed in Experiment
2, in which these two stimulus sets were mixed up: the gap stimuli thus provided
information about the area of a top face half and the magnitude of the CFE did not differ
between stimulus sets. These observations indicate that the CFE might be artificially
inflated in the absence of a stimulus cue that objectively defines a border between
the face halves. Finally, in Experiment 3, observers were asked to determine which of
two simultaneously presented faces was the composite face. Perceptual judgements for
no-gap stimuli approached ceiling; however, with a gap, participants were almost
unable to distinguish the composite face from a veridical face. This effect was not
only due to low-level segmentation cues at the border of no-gap face halves, because
stimulus inversion decreased performance in both conditions. This result indicates that
the two halves of different faces may be integrated more naturally with a small gap that
eliminates an enhanced contrast border. Collectively, these observations suggest that a
small gap between face halves provides an objective definition of the face half to match
and is beneficial for valid measurement of the behavioural CFE.
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One of the most compelling phenomena in face perception arises when the top
half of a face is aligned with the bottom half of another face, creating a
composite face: a composite face made of two halves of famous faces is
perceived as a novel face configuration, so that it is difficult to recognize the two
original faces used to create the composite face (Young, Hellawell, & Hay,
1987). With unfamiliar faces, the alignment of two identical top halves with
different bottom halves creates two different whole face configurations, so that
the identical top halves are erroneously perceived as being different from each
other: the composite face illusion. When the bottom face halves are misaligned
from the top face halves, this illusion is broken (Figure 1; Hole, 1994; see also
Figure 1 in Rossion & Boremanse, 2008 or Rossion, 2013). Hence, when human
observers are asked to judge whether two identical top halves of a face are the
same, they make more mistakes and/or are slower when the top and bottom
halves are aligned than when they are misaligned with each other (i.e., the
composite face effect, CFE). Over the past two decades, this composite face
paradigm has been used in numerous studies that have provided information
about the specificity and nature of integration of facial parts into a unified
representation (“holistic face perception™), the impairment of this process in
acquired prosopagnosia, its developmental course, temporal dynamics and neural
basis (see Rossion, 2013 for an extensive review).

In order to provide an adequate measure of holistic face perception, it is
important that a composite face is perceived as a veridical face rather than as a
face made of two different face halves. Of course, composite stimuli should be
created so that the top and bottom parts seem to go together naturally. Yet, for the
purpose of the task, the top face half should be clearly defined to the observers:
they need to know where the border between the top and bottom half of the face
lies. To deal with this issue, some studies insert a small gap between the top and
bottom face halves (see the female composite pair in Figure 1; e.g., de Heering &
Rossion, 2008; Gao, Flevaris, Robertson, & Bentin, 2011; Rossion &
Boremanse, 2008; Wiese, Kachel, & Schweinberger, 2013).

On the one hand, since the composite face paradigm is supposed to measure
the mandatory integration of the two face halves into a unified representation
(i.e., holistic perception), adding a gap between the two face halves is
counterintuitive because it could reduce the integration of the two face halves
into a unified representation. On the other hand, without such a gap, or other
cues indicating clearly the border between the top and bottom halves in each trial
(e.g., lines at the edge of the face as in Susilo, Rezlescu, & Duchaine, 2013),
observers may attempt to match two top halves containing some information that
is physically different (e.g., the lower part of the nose) in the task. Thus, the
composite face stimuli without a gap may lead to “different” responses for
aligned composite face trials, not because of an illusion but because the decision
is based on information that physically differs between the two faces. Moreover,
the aligned face condition is typically compared to a misaligned face condition,
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Figure 1. Example stimuli used in this study. The first row demonstrates a male and a female composite
pair. In the second row, bottom halves of the stimuli are misaligned, a manipulation which obliterates the
illusion of the top halves of each pair being different.
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in which the spatial misalignment provides information about the border between
the top and bottom halves. Therefore, the CFE in a given study could be
artificially increased because the two halves are segmented in the misaligned
condition, and not segmented in the aligned condition (i.e., a methodological
confound). This is not a minor issue, since the majority of studies using a
standard composite face paradigm do not include a gap or any other stimulus cue
that objectively defines the border between the top and bottom face halves (e.g.,
de Heering, Wallis, & Maurer, 2012; McKone, 2008; Robbins & McKone, 2007;
Taubert, 2009; Taubert & Alais, 2009; Xiao, Quinn, Ge, & Lee, 2012), including
many studies using the “Jane” set of stimuli (e.g., Le Grand, Mondloch, Maurer,
& Brent, 2004; Letournecau & Mitchell, 2008; Mondloch & Maurer, 2008;
Mondloch et al., 2010; Palermo et al., 2011) as well as the original composite
face studies (Hole, 1994; Young et al., 1987).

Interestingly, or rather, unfortunately, the prediction is the same in both cases
(i.e., a methodological confound without a gap or a disruption of perceptual
integration with a gap): the CFE should be larger without a gap inserted between
the two face halves than with a gap. Strangely enough, despite the wide use of the
composite face paradigm, the dominant paradigm to measure holistic face
perception (Rossion, 2013), the comparison of the magnitude of the CFE for the
same stimuli with and without a gap inserted between the two face halves has
never been performed in the literature.' This is the main goal of the present study,
in which we first compared the magnitude of the CFE for the same stimuli with and

! Taubert and Alais (2009) compared the performance for no-gap stimuli to stimuli with a
large gap (a quarter of the height of the stimuli), but in that study, the magnitude of the CFE
(i.e., aligned vs. misaligned) was not compared for these two conditions.
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without a gap inserted between the two face halves (Experiment 1). Importantly,
gap and no-gap stimuli were blocked in this experiment, so that we were able to
test an order effect, i.e., whether having seen the stimuli with a gap at first, and thus
having a better knowledge of the border between the top and bottom halves, would
influence the magnitude of the composite effect for no-gap stimuli.

EXPERIMENT 1
Methods

Participants. Twenty-eight participants (mean age = 22 years, range = 19—
26 years, 23 female) recruited from a collegiate campus (University of Louvain)
gave voluntarily written consent to participate in this paid experiment.

Stimuli. Two sets of composite stimuli were used: one set with a gap and
another set without a gap between the top and bottom face halves. Ten full-front
photographs of Caucasian faces (half female) with neutral expressions were first
prepared in Adobe Photoshop CS5 by cropping the faces to exclude external
features, standardizing the faces by height, converting into greyscale, and
equalizing by mean pixel luminance. To create composite stimuli, these faces
were horizontally split into top and bottom halves at 5% of the height of the face
above the nostrils using a MATLAB script. For each of the original images, the top
face half was combined with four bottom halves from different identities of the
same sex, creating a total of 40 composite stimuli. When necessary, the bottom half
was adjusted to align with the width and nose of the top half; additionally, each
bottom face half was adjusted to match the apparent luminosity of its paired top
half. The two stimulus sets both used these 40 images, the only difference being
that in the set with a gap the top and bottom face halves were separated by a gap of
0.5% of the image height. Finally, control “misaligned” stimuli were created, by
translating the bottom half of each image 50% to the right of the top half. The
stimuli are available to be freely downloaded here: http.//face-categorization-lab.
webnode.com/resources/stimuli-composite/.

Procedure. In each trial, participants were instructed to respond by selecting
a key on a computer keyboard whether the top halves of two consecutively
presented face stimuli (target and probe) were the same or different. There were
six conditions within each of the two stimulus sets, arising from three identity
factors and two alignment factors. The identity factor of each target and probe
pair could be “same” (target and probe faces having the same top and bottom
half identities), “composite” (the same top halves but different bottom halves), or
“different” (different top and bottom halves); the alignment was either “aligned”
(the top and bottom face halves are aligned) or “misaligned” (the bottom face
half is misaligned to the right). The critical trials were the composite trials,
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aligned and misaligned. Different identity trials served primarily to balance the
number of correct same and different responses apart from composite identity
trials. The same identity condition is used to provide a further baseline for the
composite identity condition (see Rossion, 2013 for a full discussion of the
rationale behind this paradigm).

Faces within each target/probe pair were matched for alignment and sex, and
each stimulus identity was represented equally as a target or probe (8—12
repetitions each). The exact same trials were used for each of the stimulus sets.
There were 30 trials presented for each of the six conditions for each stimulus
set, for a total of 360 trials. Trials were separated into six blocks of 60 trials each,
in which condition was randomized. However, the stimulus sets were not mixed:
participants first completed three full blocks of stimuli without a gap
consecutively or three blocks of stimuli with a gap consecutively (this order
was counterbalanced across participants).

Using E-Prime 2.0, stimuli were displayed on a computer monitor at a size of
approximately 2.8 by 3.7 degrees of visual angle (for aligned target stimuli),
centred on a white background. A black fixation cross, when present, was
elevated from the centre of the screen to just below the approximate level of the
eyes in the top half of the face stimuli. In each trial, there was presented
sequentially: (1) a fixation cross for 200 ms, (2) a blank screen for 150 ms, (3) a
target face for 200 ms, (4) a blank screen for 400 ms, and finally (5) a probe face,
presented for 500 ms (Figure 2). A blank screen was shown until a response was
given, at which point a 1300 ms inter-trial-interval, consisting of a fixation cross,
began. To avoid low-level matching, the probe stimulus was presented at a 5%
larger size than the target stimulus.

Analyses. Accuracy and response time (RT) were recorded for each trial,
and means by condition within each stimulus set were computed; for RT, trials
were considered only when a correct response was given. Since participants were
not given a time limit for a response, for each participant outlying trials with RTs
above three standard deviations from the mean were excluded from analyses.

e
&/

Fixation Cross Blank Target Face Blank Probe Face Blank
200 ms 150 ms 200 ms 400 ms 500 ms until response

Figure 2. A schematic of the timeline of a single trial. The condition depicted in this example is an aligned
composite pair from the gap stimulus set. Trials were separated by an inter-trial interval of 1300 ms.
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Statistical analyses were conducted with SPSS PASW 18. Composite trials
were analyzed in a two-way repeated-measures ANOVA, with two-level within-
subjects variables: stimulus set (gap or no-gap) and alignment (aligned or
misaligned), and one between-subjects variable: order (gap trials completed first
or second). These analyses were performed uniquely for each accuracy and RT.
Control same identity trials were analyzed separately with the same design.

Results

Accuracy. Analysis of composite trials revealed no main effect of stimulus
set (F(1,26) =3.36 p =.08, 112 =0.11) and a main effect of alignment (F(1,26) =
46.9, p < .001, 11[, 0.64). Most importantly, this effect was quallﬁed by a
significant interaction with stimulus set (F(1,26) = 8.56, p = .01, r] = 0.25),
reflecting the smaller CFE for gap than no-gap stimuli, i.e., the smaller dlfference
between misaligned and aligned accuracy (Figure 3; gap: 12.1%, SE = 2.07%;
no-gap: 16.1%, SE = 2.37%). There was also a significant interaction with the
between-subjects factor of order with stimulus set (F(1,26) = 6.57, p = .02, 17; =
0.20) and a three way interaction between order, alignment, and stimulus set (F
(1,26) = 5.82, p = .02, 11[2, = 0.18), reflecting that the larger composite effect
found for no-gap stimuli is present only for those participants completing no-gap
trials before gap trials (Figure 4). The interaction between order and alignment
was not significant (F(1,26) = 2.02, p = .17, 11 = 0.07). For same trials, there
were neither main effects of stimulus set (F(1 26) =1.20, p = .28, n =0.04) nor
alignment (F(1,26) = 0.01, p = .94, nf, =0.00), and no s1gr11ﬁcant mteractlon was
found between these factors (F(1,26) = 0.09, p = .76, 17 = 0.00). There were also
no interactions between order and stimulus set (F(1, 26) =3.68, p = .07, 172 =
0.12), order and alignment (F(1,26) = 0.10, p = 75 11 = 0.00), or order
stimulus set and alignment (F(1,26) = 0.96, p = .34, 17 0 04).
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Figure 3. Experiment 1 results: accuracy for blocked gap vs. no-gap composite trials, aligned and
misaligned. A. Accuracy (% correct); B. Correct RTs.
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Figure 4. Influence of order on the CFE in Experiment 1. Gap 1st shows the eight participants who
performed trials of stimuli with a gap first, No-Gap 2nd is these same participants then doing trials with
stimuli without a gap. No-Gap 1st depicts participants who started with stimuli without a gap, and finally
their scores on stimuli with a gap are shown in Gap 2nd.

Correct RTs. For composite trials, main effects of alignment (F(1,26) = 30.0,
p <001, n2 = 0.54) and stimulus set (F(1,26) = 4.59, p = .04, > = 0.15) were
found, however there was no interaction between these factors (£(1,26)=1.65,p=
21,1,=0. 06). There was an interaction between order and stimulus set (f{1,26) =
19.1, p <.001, n = 0.42), with the participants completing their second stimulus
set trials more qulckly (Figure 4). There were no significant interactions between
order and alignment (F(1,26) =0.01, p = .95, 7]2 = 0.00) or order, stimulus set and
alignment (F(1,26) = 1.63, p = .21, nz =0. 06) For control same 1dent1ty trials,
there was not a main effect of stlmulus set (F(1,26) =3.57, p = .07, 11 =0. 12)
while the effect of alignment bordered on significance (F(1,26) =4.27, p = .05, ;1
=0.14); no significant interaction was found between these factors (F(1,26) =0. 48
= .50, 17 = 0.02). There were significant interactions found only between order
and stzmulus set (F(1,26) = 19.5, p <.001, r] = 0.43) and order; stimulus set and
alignment (F(1,26) = 6.06, p = .02, 112 = 0 19), reflecting participants’ greater
speed for the first stimulus set with Wthh they were presented, especially for
misaligned trials (Table 1). The interaction between order and alignment did not
reach significance (F(1,26) = 0.43, p = .52, 1712J =0.02).

Discussion

In this experiment, the CFE is larger when the exact same stimuli do not have an
inserted gap between the top and bottom halves, as predicted. As explained in
the introduction, this effect could be due to two factors: either the gap slightly
disrupted the perception of the two halves as an integrated unit, or the
participants in the no-gap condition were unable to define exactly what the
“top half” of the face is and partly used the bottom half to make their judgement.
The results suggest that the second account is correct: participants who perform
the blocks of no-gap stimuli first (“No-Gap 1st”) have a larger CFE than with the
gap stimuli. However, if the task is performed on no-gap stimuli after having
seen the gap stimuli in the first block (“No-Gap 2nd”), then the CFE does not
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TABLE 1
Experiment 1 results for accuracy and correct response time (RT). Results are shown for
both composite and same conditions, aligned and misaligned

Accuracy RT
Gap No-Gap Gap No-Gap
% SE % SE % SE % SE

Composite

Aligned 83.6 2.13 79.4 2.66 674 359 707 39.9

Misaligned 95.7 1.15 95.5 1.07 585 30.0 640 37.1
Same

Aligned 94.8 1.22 95.9 091 599 26.0 633 33.6

Misaligned 94.9 1.53 95.7 1.03 583 28.4 624 359

differ for gap and no-gap stimuli (Figure 4). This suggests that seeing the gap in
the first block of stimuli helped defining the location of the top face halves. If
this is the case, there should not be any larger CFE for no-gap stimuli when
mixing up no-gap and gap stimuli, as tested in Experiment 2.

EXPERIMENT 2
Rationale
The design was identical to Experiment 1, except that the trials with gap and no-
gap stimuli were mixed together within blocks.
Methods

Participants.  There were 28 participants (mean age = 22 years, range = 18—
30 years, 21 female) recruited at a collegiate campus, none of whom took part in
Experiment 1; all signed informed consent and received monetary compensation.

TABLE 2
Experiment 2 results for accuracy and correct response time (RT). As in Table 1, results are
shown for both composite and same conditions, aligned and misaligned

Accuracy RT
Gap No-Gap Gap No-Gap
% SE % SE % SE % SE

Composite

Aligned 82.6 2.66 82.5 2.65 694 35.1 698 37.2

Misaligned 93.6 1.83 94.4 1.07 626 31.7 617 34.4
Same

Aligned 94.6 1.92 96.1 0.86 637 322 636 319

Misaligned 94.8 1.38 94.1 1.18 621 34.2 640 33.0
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Stimuli. The stimuli in this experiment were identical to those used in
Experiment 1.

Procedure. The design, including precise target/probe pair identities, and
testing conditions matched that of Experiment 1 exactly, with one exception:
within each block of 60 trials, condition and stimulus set were both randomized.

Analyses. Analyses were performed exactly as in Experiment 1, without
order as a between-subjects factor.

Results

Accuracy. A main effect of alignment was found for composite trials
(F(1,27) = 369, p < .001, 1712, = 0.58), reflecting the CFE (measured as
misaligned minus aligned accuracy) present for both stimulus sets (Figure 5; gap:
11.0%, SE = 2.10%; no-gap: 11.9%, SE = 2.44%) (see Table 2 for all results).
However, there was neither a main effect of stimulus set (F(1,27) = 0.10, p =.75,
nf) = 0.00) nor an interaction between alignment and stimulus set (F(1,27) = 0.14,
p =71, 1712, = 0.01). For control same trials (Table 1), there were no main effects
(alignment: F(1,27) = 1.23, p =.28, 1712, = 0.04; stimulus set: F(1,27) = 0.08, p =
78, 7]12, = 0.00), and no interaction between these two factors (F(1,27)=1.72, p =
20, 17, = 0.06).

Correct RT. Similarly to the results for accuracy, there was a main effect of
alignment for composite trials (F(1,27) = 57.5, p <.001, ,, = 0.68), but neither a
main effect of stimulus set (F(1,27) =0.11, p =.75, 172 = 0.00), nor an interaction
between alignment and stimulus set (F(1,27) = 1.05, p = .31, 1112) = 0.04).
Regarding same trials, there were not any main effects (alignment: F(1,27) =
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Figure 5. Experiment 2, mixed gap vs. no-gap trials, results: accuracy for gap vs. no-gap composite trials,
aligned and misaligned.



Downloaded by [Australian National University] at 22:15 13 April 2015

10 ROSSION AND RETTER

0.99, p = .33, 17137 = 0.04; stimulus set: F(1,27)=1.53, p = .23, 115 = 0.05), and no
interaction between these factors (£(1,27) = 2.07, p = .16, n, = 0.07).

Discussion

In this second experiment, with the exact same stimuli as in Experiment 1, we did
not find an increased CFE for stimuli without a gap inserted between the top and
bottom halves. There was still a 1% larger CFE for the no-gap stimuli in terms of
accuracy, but this difference was not near significance. This finding, which
contrasts with the findings of Experiment 1, suggests that when participants are
presented with gap stimuli together with no-gap stimuli, they know better what is
meant by the “top half” and the apparent advantage of no-gap stimuli is decreased.
However, when participants are presented with no-gap stimuli only, they have
difficulties defining exactly what the “top half” of the face is and partly use the
bottom half—which differs physically in the composite face trials—to make their
judgement (i.e., a methodological confound artificially increasing the CFE).

EXPERIMENT 3
Rationale

The results of the two experiments above suggest that any advantage of face
stimuli without a gap in terms of the magnitude of the CFE is due to a
methodological confound rather than a better integration of the top and bottom
halves than when a gap is present. Experiment 3 builds on these observations to
provide evidence that integration of the top and bottom halves of composite
stimuli corresponds better to veridical stimuli with than without a gap. To test
this, we relied on a novel illusion described in the recent review of the CFE
(Rossion, 2013), according to which adding a small gap between the two face
halves makes it much more difficult to perceive the two face halves as
originating from different face identities than without a gap (Figure 6). That is,
since individual faces differ greatly in shape and surface properties, a composite
face stimulus appears very much like a face made of two halves coming from
different faces (see Figure 1 in Hole, 1994; Figure 1 in Young et al., 1987; and in
many studies using composite faces, as reviewed by Rossion, 2013). Paradox-
ically, with a gap, the exact same composite face stimulus is perceived as if there
were no discrepancies in surface properties between the two face halves, which
seem to form a seamlessly uniform surface (Figure 6). We refer to this novel
visual illusion as the gap composite face illusion, because the addition of a
separation between the two face halves seems indeed to facilitate rather than
prevent or disrupt the perception of the face as a single unit.

In order to provide quantitative evidence for this phenomenon, we designed a
simple experiment in which we asked people to judge which one of two faces
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Figure 6. The gap composite face illusion, in which separating face halves paradoxically increases the
perception of continuity, due to the removal of low-level mismatch between different face halves. In both A
and B, the images in the left column are veridical faces, and the images in the right column are composite faces
of those identities by row. A. Stimuli with a gap between face halves; B. The same face stimuli without a gap.

presented side-by-side was the composite face. We hypothesized that for the
exact same stimuli, this judgement would be considerably easier when there is no
gap than when there is a gap between face halves. In addition, to test the putative
contribution of high-level visual processes in this task, we presented the exact
same faces upside-down, a manipulation that not only disrupts face recognition
performance (e.g., Freire, Lee, & Symons, 2000; Rossion, 2008; Yin, 1969 for a
review), but also reduces or abolishes the CFE (e.g., Hole, 1994; McKone et al.,
2013; Rossion & Boremanse, 2008; Susilo et al., 2013).

Methods

Participants. Ten participants (mean age = 24 years, range = 19-37 years,
eight female) associated with the University of Louvain, Belgium, took part in
this experiment, none of whom had participated in Experiments 1 or 2. All
participants gave written informed consent and received monetary compensation.
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Figure 7. Results for Experiment 3, comparing accuracy in identification of the veridical face from a
composite face.

Stimuli. The 10 original identities, as described in the Stimuli section of
Experiment 1, were used here, as well as five additional identities, prepared in
the same way, for a total of 15 original identities (eight female). For each original
identity, one corresponding composite identity, using the same top half and a
bottom half from a different identity, was created as described in Experiment 1,
although misaligned stimuli were not generated (for the 10 original identities
used in Experiment 1, the composite identity used was also used in Experiments
1 and 2). Here, in total, 15 original identities and 15 composite identities were
used, and these identities were represented in two sets of stimuli, those with and
without a gap.

Procedure. A pair of face stimuli were presented side-by-side, one of which
was a composite face, i.e., created from top and bottom halves coming from
different identities, and the other an original face, i.e., comprised of top and
bottom halves coming from the same original face. Each original identity was
presented with its matching composite identity, so that the two identities
presented shared a top half from the same identity. Participants were informed
of this manipulation and performed a forced choice task: they were instructed to
choose which face was the original by selecting a corresponding key on a
computer keyboard. The design was controlled so that the original face appeared
on the left side on half of the trials. The two faces presented were always either
both female or both male.

A 2 x 2 repeated-measures design was used, with factors of stimulus set (gap
or no-gap) and orientation (upright or inverted), leading to four conditions in
total. Each trial consisted of a blank white screen for 350 ms, followed by the
simultaneous presentation of a pair of two face stimuli for up to 20 s, followed
by a blank white screen: when a response was given during either the face
presentation or the blank screen afterwards, a blank 1500 ms inter-trial interval
began. Face stimuli were presented on a computer monitor, each at a size of
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approximately 3.5 by 4.8 degrees of visual angle each. After a block of 60
randomized trials, there was a brief pause, followed by a second block of 60
randomized trials. In the second block, each original and composite face pair was
presented as a second repetition per each condition. The experiment lasted about
10 minutes in total and was run using E-Prime 2.0.

Analyses. Accuracy and RTs were recorded for each trial, and means were
computed for each condition; for RT, only correct response trials were
considered. Given the unlimited response time, trials with RTs above three
standard deviations from the mean for individual participants were excluded.
Statistical analyses were performed with SPSS PASW 18. A two-way repeated-
measures ANOVA, with two-level within-subjects variables of stimulus set (gap
or no-gap) and orientation (upright or inverted), was performed separately for
each accuracy and RT.

Results

Accuracy. Mean accuracy for upright trials without a gap approached ceiling
(Figure 7; M = 90.6%, SE = 3.17%), while was not greatly above chance for
upright trials with a gap (M = 61.3%, SE = 3.10%). When orientation was
inverted, mean accuracy dropped for both stimulus set conditions (no-gap: M =
84.1%, SE = 3.62%; gap: M = 51.7%, SE = 2.87%). There were significant main
effects of stimulus set (F(1,9) =91.8, p <.001, ", = 0.91) and orientation (F(1,9)
=7.56, p = .02, n,, = 0.46), and no interaction between these factors (£(1,9) =
0.58, p = .47, 17127 = 0.06).

Correct RTs. Mean correct RTs analysis is less informative and reliable,
given that accuracy rates in the gap condition are only slightly above chance
level for upright stimuli. Nevertheless, participants were faster for stimuli
without a gap presented upright than for upright stimuli with a gap (no-gap: M =
1163 ms, SE = 73.84 ms; gap: M = 1533 ms, SE = 99.86 ms); this pattern was
also present for inverted stimuli (no-gap: M = 1287 ms, SE = 76.34 ms; gap: M =
1576 ms, SE = 105.2 ms). There was a significant main effect of stimulus set (F
(1,9) = 23.5, p = .001, 111127 = 0.72). The main effect of orientation bordered on
significance (F(1,9) = 4.92, p = .05, ’75 = 0.35), and there was no interaction
between these factors (F(1,9) = 2.49, p = .15, nf, =0.22).

Discussion

Experiment 3 provided original evidence that when a gap was present,
participants were almost unable to determine which of the two faces was made
of two halves belonging to different faces, i.e., a composite face: both the
composite and the original face looked like plausible combinations. In contrast,



Downloaded by [Australian National University] at 22:15 13 April 2015

14 ROSSION AND RETTER

eliminating the gap between the top and bottom halves made it easy to identify
which of the two faces of a pair was a composite face. Importantly, that inverting
the faces without a gap only reduced performance in the task by about 7%, also
rules out an alternative interpretation of our observations, i.e., that the presence
of a gap distorts the original face so that participants are unable to determine
which one is the original face in the judgement task. If this was the correct
explanation, then participants should also be at chance level when composite and
original face stimuli without a gap are inverted, arguably a more severe
transformation of the face stimulus than adding a gap.

At first glance, there is a contradiction between the larger CFE found
Experiment 1 and the easier segmentation of the two face halves in Experiment 3
for no-gap than gap stimuli. However, these experiments are designed to measure
different processes (holistic face perception in Experiment 1 and differentiability
of face halves in Experiment 3) and so rely on paradigms addressing the
integration of face halves in different ways. The composite face paradigm in
Experiment 1 requires participants to complete a task describing only the top half
of the face, while Experiment 3 requires that participants explicitly search for a
mismatch between the two halves. Moreover, the timing of the presentation
restricts a comparison, since it is limited to 200 ms in the first task to prevent
fixations to the lower half of the face (de Heering, Rossion, Turati, & Simion,
2008), while there is virtually an unlimited amount of time (20 seconds) to
perform the task in Experiment 3.

GENERAL DISCUSSION

To summarize, in Experiment 1 we contrasted for the first time the composite
face effect (CFE) for the same stimuli with or without inserting a small gap
between the top and bottom face halves. As expected, we reported a larger CFE
without a gap, a difference which is not negligible—about 4% accuracy in total,
i.e., 33% of the effect—and could have been due to a better integration of the
two halves or an ambiguity in the definition of the top half in the absence of a
gap. The disappearance of the larger CFE for no-gap stimuli when participants
first saw the stimuli with a gap in Experiment 1, as well as in Experiment 2, in
which the trials with and without a gap were mixed, altogether favours the
second interpretation: the CFE might be artificially increased when there is an
ambiguity in the definition of the top half in the absence of a gap. Strikingly, in
Experiment 3, in the presence of a gap participants were almost unable to
determine which of the two faces was made of two halves belonging to different
faces, i.e., a composite face: both the composite and the original face looked like
plausible combinations (Figure 6). In contrast, eliminating the gap between the
top and bottom halves made it easy to identify which of the two faces of a pair
was a composite face. Thus, this last experiment provided original evidence that
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when using composite stimuli, the presence of a small gap facilitates rather than
decreases the integration of the top and bottom halves into a veridical face.

The immediate implication of these findings is that, from a methodological
standpoint, introducing a gap between the top and bottom halves of composite
faces is important to accurately measure holistic face perception, without
artificially conflating the CFE. Such a stimulus cue might be particularly
important when comparing different groups of participants, for instance typical
adults to children (e.g., Susilo, Crookes, McKone, & Turner, 2009) or patients
(e.g., Avidan, Tanzer, & Behrmann, 2011; Busigny, Joubert, Felician, Ceccaldi,
& Rossion, 2010) for whom the instruction to “use the top half of a face only” in
the task might not be well understood.

The first goal for composite face stimuli we identified was to provide a clear
definition of what is meant by “the top face half” for task performance. In the
present studies, a gap objectively defined face halves, but even without a gap, the
definition of the top and bottom halves might still be quite clear when there is an
enhanced border contrast between the two halves, arising from local differences
in luminance and texture, as shown in Experiment 3. In fact, such a border is
even more clearly visible on many examples of the stimuli sets used in previous
studies (e.g., de Heering et al., 2012; Hole, 1994; McKone, 2008; Robbins &
McKone, 2007; Taubert, 2009; Taubert & Alais, 2009; Young et al., 1987; Xiao
et al., 2012). However, this border contrast varies from stimulus to stimulus,
depending on the particular top and bottom halves that are aligned with each
other, making the definition of the top half variable across trials. An extreme
case of such variability occurs when composite and original stimuli are mixed in
the paradigm, so that a border is visible on the former and not on the latter kind
of stimuli (e.g., Susilo et al., 2009, Figure 1). This contrast border may also
impose variation across conditions, e.g., only in a control trial with identical
faces will there always be the same amount of border contrast between face
pairs.

More problematic are the composite stimuli without a separation between top
and bottom face halves which have attempted to remove the contrast border, as
in the “Jane” set (e.g., Le Grand et al., 2004; Letourneau & Mitchell, 2008;
Mondloch & Maurer, 2008; Mondloch et al., 2010; Palermo et al., 2011). This
makes the definition of the target top half ambiguous. Moreover, in this
particular stimulus set, smoothing the texture and adjusting luminance across
face halves to remove the contrast border has unfortunately resulted in the top
face halves not being strictly physically identical (see Figure 1 in Mondloch
et al., 2010).

The point here is not to question the results of the above studies that did not
include a gap between the top and bottom face halves. In general, studies using
the “Jane’ set of stimuli usually run aligned and misaligned trials in separate
blocks and some of these studies at least test and report an absence of order



Downloaded by [Australian National University] at 22:15 13 April 2015

16 ROSSION AND RETTER

effect (e.g., Le Grand et al., 2004; Mondloch & Maurer, 2008).? Moreover, these
studies usually report large and replicable composite face effects, which might
have only been inflated in the absence of an objective marker defining the top
half. However, the absence of an objective marker defining the target top half
might be more problematic when dealing with stimuli that could be associated
with a weak CFE, such as inverted faces or nonface objects: the absence of a gap
might be sufficient to generate a significant CFE for such stimuli, changing the
conclusions of a study.

The advantage for task definition for stimuli with a gap might be vitiated if
the presence of a gap violated the second goal for composite face stimuli, i.e.,
decreased perceptual integration of the two face halves. Instead, we have shown
that a small gap does not decrease the perception of the two halves of composite
faces as making a veridical face, a finding which may seem paradoxical at first.
One way to understand this result is through the Gestalt laws of grouping. The
human visual system tends to enclose a line or a space by completing a contour
and ignoring such gaps in a figure, the so-called Gestaltist law of closure
(Pomerantz & Kubovy, 1986; Wagemans et al., 2012; Wertheimer, 1925/1967).
As long as the gap is not so large as to break the continuity of the contour of the
face, the visual system readily completes the face stimulus. In natural scenes,
faces may be partly occluded by closer objects, such that the separation of face
halves by a gap does not contradict the law of past experience. Notably, such
principles do not apply to the manipulation used in the control condition, i.e.,
laterally misaligning the top and bottom halves, even if only by a small fraction
of the face width (i.e., 8%, Laguesse & Rossion, 2013).

Furthermore, and most importantly considering the present results, without a
gap the two face halves may form a contiguous border, which is enhanced (i.e.,
border contrast), so that subtle differences in luminance are more readily
perceived (Mach, 1865; Ratliff, 1965). This phenomenon appears to be a
particular case of figure-ground segregation, where borders are defined by
luminance and texture (Regan, 2000). Given that cells in early visual areas such
as the primary and secondary visual cortices (V1 and V2) signal border
ownership of luminance and texture contours (Chaudhuri & Albright, 1997;
Nothdurft, Gallant, & Van Essen, 2000; Zhou, Friedman, & von der Heydt,

21t should also be noted that comparing the present study to that of Le Grand et al. (2004)
and Mondloch and Maurer (2008) is difficult, because these studies have different experimental
designs. Notably, only in the present study was a condition of “same” trials used, for which
both the top and bottom halves were identical; not having this condition may encourage a bias
for “same” responses for composite trials (see Rossion, 2013). Moreover, these studies blocked
the alignment factor, but over what we take to be several blocks. For instance, Mondloch and
Maurer’s (2008) study did not have seven misaligned blocks then seven aligned blocks, but
rather had seven conditions, randomly varying the aligned/misaligned blocks for each
participant, preventing a real analysis of an overall effect of order for the factor “alignment.”
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2000), early visual areas may drive the augmented mismatch between face
halves. However, the results of inversion from Experiment 3, a decrease that did
not interact with the main effect of the presence/absence of a gap, indicates that
high-level processes are also implicated in the task. One possibility is that the
border between the two halves is less salient in an inverted face due to a lack of
reentrant inputs from high-level visual representations (e.g., Chen et al., 2014).
Another possibility is that due to holistic face perception the local discontinuity
created by the border affects the perception of the whole face, not just the local
border, when the stimulus is upright, but not when the stimulus is inverted.

Here, a separation of face halves by the use of a gap is proposed, although
other methods to address the issue of defining a top face half have been
implemented, e.g., including a line between face halves (e.g., Avidan et al.,
2011). However, this manipulation may draw attention toward the imposed high
local contrast around or colour of the line. Similarly, lines at the edges of the
faces to indicate the face halves (Susilo et al., 2013) may draw attention outside
of the face. The top half of the face might alternatively be defined by a region,
such as “the region around the eyes”, but this would impose ambiguity about the
precise area of interest and the importance of specific facial features. Another
possible way to define the top half of the face is through the use of practice trials
(e.g., Le Grand et al.,, 2004), in which the top face half could be clearly
demarcated; however, even if this is done meticulously, it may be impossible to
generalize the top half from one stimulus to another, since the location of the end
of the top face half, often set relative to facial features, e.g., at the tip of the nose,
may vary from stimulus to stimulus. In the present study, the second face in a
trial pair, i.e., the probe, appeared at a slightly larger size, which additionally
changes the position of the edge of the top face half. For these reasons also, it
may be difficult to generalize the location of the top face half from misaligned
trials.

Using a gap clearly defines the top face half for every stimulus, without
drawing attention to the area of join between halves. In practice, there is no rule
as to the exact position of the gap, which ranges from just below the eyes in the
original composite face study (Young et al., 1987) to the tip of the nose in most
studies. As for the size of the gap, a good rule of thumb would be to make it as
small as possible (here, 0.5% of the face height), as long as it is clearly visible.
Although not done previously to our knowledge, a systematic (i.e., parametric)
investigation of the size of the gap between the two face halves would be
welcome investigation in this literature (as performed recently for evaluating the
degree of misalignment between face halves in the misaligned trials; Laguesse &
Rossion, 2013).

To conclude, over the past two decades, the composite face paradigm has
been used in numerous studies that have provided information about the
specificity and nature of perceptual integration between facial parts (“holistic
face perception”), the impairment of this process in acquired prosopagnosia, its
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developmental course, temporal dynamics and neural basis (see Rossion, 2013,
for an extensive review). Yet, in the majority of studies, the absence of a small
gap between the stimuli may or may not create an artificial variable contrast
border that makes the definition of the top face half ambiguous, and may
artificially inflate the composite face effect due to a lack of a clearly defined top
face half. We suggest that future behavioural studies using the composite face
paradigm are improved by systematically introducing a small gap between the
face halves, objectively defining the target top face half.

DISCLOSURE STATEMENT

No potential conflict of interest was reported by the authors.

REFERENCES

Avidan, G., Tanzer, M., & Behrmann, M. (2011). Impaired holistic processing in congenital
prosopagnosia. Neuropsychologia, 49, 2541-2552.

Busigny, T., Joubert, S., Felician, O., Ceccaldi, M., & Rossion, B. (2010). Holistic perception of the
individual face is specific and necessary: Evidence from an extensive case study of acquired
prosopagnosia. Neuropsychologia, 48, 4057-4092. doi:10.1016/j.neuropsychologia.2010.09.017

Chaudhuri, A., & Albright, T. D. (1997). Neuronal responses to edges defined by luminance vs.
temporal texture in macaque area V1. Visual Neuroscience, 14, 949-962. doi:10.1017/S095252
3800011664

Chen, M., Yan, Y., Gong, X., Gilbert, C., Liang, H., & Li, W. (2014). Incremental integration of global
contours through interplay between visual cortical areas. Neuron, 82, 682—694. doi:10.1016/j.
neuron.2014.03.023

de Heering, A., & Rossion, B. (2008). Prolonged visual experience in adulthood modulates holistic
face perception. PLoS One, 3, €2317. doi:10.1371/journal.pone.0002317.t001

de Heering, A., Rossion, B., Turati, C., & Simion, F. (2008). Holistic face processing can be
independent of gaze behaviour: Evidence from the composite face illusion. Journal of Neurop-
sychology, 2, 183-195. doi:10.1348/174866407X251694

de Heering, A., Wallis, J., & Maurer, D. (2012). The composite-face effect survives asymmetric face
distortions. Perception, 41, 707-716. doi:10.1068/p7212

Freire, A., Lee, K., & Symons, L. A. (2000). The face-inversion effect as a deficit in the encoding of
configural information: Direct evidence. Perception, 29, 159—170. doi:10.1068/p3012

Gao, Z., Flevaris, A. V., Robertson, L. C., & Bentin, S. (2011). Priming global and local processing of
composite faces: Revisiting the processing-bias effect on face perception. Attention, Perception, &
Psychophysics, 73, 1477-1486.

Hole, G. J. (1994). Configurational factors in the perception of unfamiliar faces. Perception, 23(1),
65-74. doi:10.1068/p230065

Laguesse, R., & Rossion, B. (2013). Face perception is whole or none: Disentangling the role
of spatial contiguity and interfeatures distances in the composite face illusion. Perception, 42,
1013-1026. doi:10.1068/p7534

Le Grand, R., Mondloch, C. J., Maurer, D., & Brent, H. P. (2004). Impairment in holistic face
processing following early visual deprivation. Psychological Science, 15, 762—768.

Letourneau, S. M., & Mitchell, T. V. (2008). Behavioral and ERP measures of holistic face processing
in a composite task. Brain and Cognition, 67, 234-245. doi:10.1016/j.bandc.2008.01.007



Downloaded by [Australian National University] at 22:15 13 April 2015

MIND THE GAP 19

Mach, E. (1865). Uber die Wirkung der riummlichen Verthelung des Lichtreizes auf die Netzhaut
[On the effect of the spatial distribution of the light stimulus on the retina]. Akad Wiss Lit Abh
Math-Natwiss KL (Mainz), 52, 303-322.

McKone, E. (2008). Configural processing and face viewpoint. Journal of Experimental Psychology:
Human Perception and Performance, 34, 310-327. doi:10.1037/0096-1523.34.2.310

McKone, E., Davies, A. A., Darke, H., Crookes, K., Wickramariyaratne, T., Zappia, S., ... Fernando, D.
(2013). Importance of the inverted control in measuring holistic face processing with the composite
effect and part-whole effect. Frontiers in Psychology, 4(33), 1-21.

Mondloch, C. J., Elms, N., Maurer, D., Rhodes, G., Hayward, W. G., Tanaka, J. W., & Zhou, G. (2010)
Processes underlying the cross-race effect: An investigation of holistic, featural, and relational
processing of own-race versus other-race faces. Perception, 39, 1065-1085. doi:10.1068/p6608

Mondloch, C. J., & Maurer, D. (2008). The effect of face orientation on holistic processing.
Perception, 37, 1175-1186. doi:10.1068/p6048

Nothdurft, H.-C., Gallant, J. L., & Van Essen, D. C. (2000). Response profiles to texture border
patterns in area V1. Visual Neuroscience, 17, 421-436. doi:10.1017/S0952523800173092

Palermo, R., Willis, M. L., Rivolta, D., McKone, E., Wilson, C. E., & Calder, A. J . (2011). Impaired
holistic coding of facial expression and facial identity in congenital prosopagnosia. Neuropsycho-
logia, 49, 1226-1235. doi:10.1016/j.neuropsychologia.2011.02.021

Pomerantz, J. R., & Kubovy, M. (1986). Theoretical approaches to perceptual organization. In
K. R. Boff, L. Kaufman, & J. Thomas (Eds.), Handbook of perception and human performance
(pp. 36— 1-36 — 46). New York, NY: Wiley.

Ratliff, F. (1965). Mach bands: Quantitative studies on neural networks in the retina. San Francisco,
CA: Holden-Day.

Regan, D. (2000). Human perception of objects: Early visual processing of spatial form defined by
luminance, color, texture, motion, and binocular disparity. Sunderland: Sinauer Associates.

Robbins, R., & McKone, E. (2007). No face-like processing for objects-of-expertise in three
behavioural tasks. Cognition, 103(1), 34-79. doi:10.1016/j.cognition.2006.02.008

Rossion, B. (2008). Picture-plane inversion leads to qualitative changes of face perception. Acta
Psychologica, 128, 274-289. doi:10.1016/j.actpsy.2008.02.003

Rossion, B. (2013). The composite face illusion: A whole window into our understanding of holistic
face perception. Visual Cognition, 21, 139-253. doi:10.1080/13506285.2013.772929

Rossion, B., & Boremanse, A. (2008). Nonlinear relationship between holistic processing of
individual faces and picture-plane rotation: Evidence from the face composite illusion. Journal of
Vision, 8(4), 1-13, article 3. doi:10.1167/8.4.3

Susilo, T., Crookes, K., McKone, E., & Turner, H. (2009). The composite task reveals stronger
holistic processing in children than adults for child faces. PLoS One, 4, €6460. doi:10.1371/
journal.pone.0006460.t001

Susilo, T., Rezlescu, C., & Duchaine, B. (2013). The composite effect for inverted faces is reliable
at large sample sizes and requires the basic face configuration. Journal of Vision, 13(13), 14.
doi:10.1167/13.13.14

Taubert, J. (2009). Chimpanzee faces are ‘special” to humans. Perception, 38, 343-356. doi:10.1068/p6254

Taubert, J., & Alais, D. (2009). The composite illusion requires composite face stimuli to be
biologically plausible. Vision Research, 49, 1877-1885. doi:10.1016/j.visres.2009.04.025

Wagemans, J., Elder, J. H., Kubovy, M., Palmer, S. E., Peterson, M. A., Singh, M., & von der Heydt,
R. (2012). A century of Gestalt psychology in visual perception: 1. Perceptual grouping and
figure-ground organization. Psychological Bulletin, 138, 1172-1217.

Wertheimer, M. (1925/1967). Gestalt theory. In W. D. Ellis (Ed.), 4 source book of Gestalt
psychology (pp. 1-11). New York, NY: Humanities Press.

Wiese, H., Kachel, U., & Schweinberger, S. R. (2013). Holistic face processing of own- and other-age
faces in young and older adults: ERP evidence from the composite face task. Neurolmage, 74,
306-317. doi:10.1016/j.neuroimage.2013.02.051



Downloaded by [Australian National University] at 22:15 13 April 2015

20 ROSSION AND RETTER

Xiao, N. G., Quinn, P. C., Ge, L., & Lee, K. (2012). Rigid facial motion influences featural, but not
holistic, face processing. Vision Research, 57, 26-34. doi:10.1016/j.visres.2012.01.015

Yin, R. K. (1969). Looking at upside-down faces. Journal of Experimental Psychology, 81(1),
141-145. doi:10.1037/h0027474

Young, A. W., Hellawell, D., & Hay, D. C. (1987). Configurational information in face perception.
Perception, 16, 747-759. doi:10.1068/p160747

Zhou, H., Friedman, H. S., & von der Heydt, R. (2000). Coding of border ownership in monkey
visual cortex. The Journal of Neuroscience, 20, 6594—-6611.



