*
L
e

THE UNIVERSITY OF

AUCKLAND

Te Whare Winanga o Timaki Makaurau

NEW ZEALAND

Libraries and Learning Services

University of Auckland Research
Repository, ResearchSpace

Version

This is the Accepted Manuscript version. This version is defined in the NISO
recommended practice RP-8-2008 http://www.niso.org/publications/rp/

Suggested Reference

Hayward, W. G., Crookes, K., Chu, M. H., Favelle, S. K., & Rhodes, G. (2016).
Holistic processing of face configurations and components. Journal of
Experimental Psychology: Human Perception and Performance, 42(10), 1482-
1489. doi:10.1037/xhp0000246

Copyright

Items in ResearchSpace are protected by copyright, with all rights reserved,
unless otherwise indicated. Previously published items are made available in
accordance with the copyright policy of the publisher.

© 2016 APA. This article may not exactly replicate the final version published in
the APA journal. It is not the copy of record

For more information, see General copyright, Publisher copyright,
SHERPA/ROMEO.



http://www.niso.org/publications/rp/
http://dx.doi.org/10.1037/xhp0000246
http://www.library.auckland.ac.nz/services/research-support/depositing-theses/copyright
http://www.ieee.org/publications_standards/publications/rights/rights_policies.html
http://www.sherpa.ac.uk/romeo/issn/0018-9294/

Holistic processing of face configurations and components

William G. Hayward
School of Psychology and Australian Research Council Centre of Excellence in
Cognition and Its Disorders, University of Auckland
Department of Psychology, University of Hong Kong

Kate Crookes
Australian Research Council Centre of Excellence in Cognition and Its Disorders,
School of Psychology, University of Western Australia

Ming Hon Chu
Department of Psychology, University of Hong Kong

Simone K. Favelle
School of Psychology, University of Wollongong

Gillian Rhodes
Australian Research Council Centre of Excellence in Cognition and Its Disorders,
School of Psychology, University of Western Australia

RUNNING HEAD: Holistic processing of configurations and components
KEYWORDS: Face perception, face recognition, holistic processing, composite task
WORDS (main text): 3169

Comments to:

William G. Hayward

School of Psychology

University of Auckland

Private Bag 92019

Auckland

New Zealand.

E-mail: w.hayward@auckland.ac.nz



HOLISTIC PROCESSING OF CONFIGURATIONS AND COMPONENTS

Abstract

While many researchers agree that faces are processed holistically, we know
relatively little about what information holistic processing captures from a face. Most
studies that assess the nature of holistic processing do so with changes to the face
affecting many different aspects of face information (e.g., different identities). Does
holistic processing affect every aspect of a face? We used the composite task, a
common means of examining the strength of holistic processing, with participants
making same-different judgments about configuration changes or component changes
to one portion of a face. Composites were either aligned or misaligned, and were
presented either upright or inverted. Both configuration judgments and component
judgments showed evidence of holistic processing, and in both cases it was strongest
for upright face composites. These results suggest that holistic processing captures a
broad range of information about the face, including both configuration-based and

component-based information.
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Faces are a highly homogenous class of visual stimuli, yet we are able to
recognize them with high levels of accuracy. Considerable evidence now suggests
that faces are perceived holistically, so that all regions of a face are processed
obligatorily (e.g., Rossion, 2008; Maurer, et al., 2002). Nevertheless, little is known
about the scope of holistic processing, and in particular, the kinds of information to
which it is sensitive. It is well accepted that holistic processing involves sensitivity to
configural information or the spatial relationships among face features. The
connection between holistic processing and configural information is so tight that
many researchers consider it unnecessary to distinguish between them, because of an
assumption that face-specific processes are holistic in nature and sensitive to
configural information about a face (e.g., McKone, 2008; Rossion, 2008; Tanaka &
Farah, 1993; Tanaka & Sengco, 1997).

Less clear is whether face component (part or feature) information is also included
in the holistic representation. Some accounts view the shape of independent face
components as also being implicitly represented in the holistic face representation,
with limited component information available directly to recognition mechanisms
(e.g., Tanaka & Farah, 1993; Tanaka, et al, 2004; Michel, Caldara, & Rossion, 2006;
see Piepers & Robbins, 2012). Other accounts have argued that at least some aspects
of component information do not form part of the holistic representation and are
processed separately. For example, McKone and Yovel (2009) reviewed studies of
face inversion and concluded that component colour and brightness are not captured
by holistic processing, since such judgments are unaffected by face inversion.

One of the difficulties of drawing conclusions on the basis of the inversion effect
is that it is not a direct test of holistic processing. The composite effect (Young,

Hellawell, & Hay, 1987; Hole, 1994) is a more direct test of holistic processing. In the
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composite task, the top half of one face is combined with the bottom half of another
face, and participants are asked to attend to one half. Due to holistic processing,
judgments of target halves are impaired by changes in the irrelevant halves when
upright face composites are aligned (forming the basic face configuration), but not
when they are misaligned (e.g., Cheung, Richler, Palmeri, & Gauthier, 2008; Hole,
1994; Le Grand, Mondloch, Maurer, & Brent, 2004; McKone, 2008). The composite
task is taken by many researchers to be the “gold standard” to measure holistic face
processing (e.g, Maurer, et al., 2002; Rossion, 2013; Richler, Cheung, & Gauthier,
2011), although some present counterevidence that effects of holistic processing in
face perception have been overstated (e.g., Gold, Mundy, & Tjan, 2012; Sekuler,
Gaspar, Gold, & Bennett, 2004).

Jiang et al (2011) adapted the composite task to assess whether certain types of
face information are represented perceptually. They found that shape changes to the
irrelevant half of the face affected judgements of the target half whereas surface
reflectance changes did not. Jiang et al therefore argued that shape is processed
holistically but surface information is not. In this study, we take a similar approach to
explore the effects of holistic interference on detection of configural versus
component changes. Participants were required to make judgments on configuration
or component information in target halves. We then examined whether each judgment
IS subject to interference from irrelevant portions of the composite (due to holistic
processing).

We created a version of the composite task in which target halves (top) differed
only in terms of configuration or component information. To test sensitivity to
configuration information we varied the distance between the eyes in each face. For

component information we varied the lightness of the eyebrows; since McKone and
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Yovel (2009) found that component brightness/color, unlike component shape, failed
to show strong inversion effects, this property seemed a relatively strong candidate to
avoid being captured by holistic processing.

One further issue to consider is whether the composite effect varies by participant
and face ethnicity. Michel, et al. (2006) reported that the composite effect is stronger
for own-race than other-race faces. However, a number of other studies have tested
Caucasian and Chinese participants and have found equally-strong composite effects
for own-race and other-race faces by both groups (e.g., Harrison, et al., 2014; Horry,
Cheong & Brewer, 2015; Mondloch, et al., 2010; see Hayward, et al., 2013, for a
review). Because of the uncertainty regarding population-specific effects, and to
ensure the generality of our results, we tested both Chinese participants living in
Hong Kong and Caucasian participants living in Australia with both Chinese and

Caucasian faces.

Method

Participants

We tested 32 Chinese participants at the University of Hong Kong and 32
Caucasian participants at the University of Wollongong, Australia, in return for either
a small payment or course credit. Three Caucasian participants were dropped from the

analyses due to a large number of extremely quick (<100 ms) responses.
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Stimulus Materials

We used 20 Caucasian and 20 Chinese faces, all male, which were standardised
with an interocular distance of 80 pixels. These stimuli were taken from a previous
study (Rhodes, Hayward, & Winkler, 2006).

For each individual face, several versions of each target (top) half were created.
For configuration changes, the two eye regions were moved simultaneously away
from or toward the centre of the face. For component changes, both eyebrows were
either lightened or darkened. Specific images were created by morphing between two
extreme endpoints for each type of change, and then choosing intermediate values
which varied from each other by 10%, 20%, 30%, or 40% as test stimuli. Composites
were created by pairing one top half with the bottom-half of another randomly
assigned face of the same race. Misaligned composite faces were created by moving
the top half to the right by 80 pixels. All composites were shown on a black
background with a black line two pixels thick between the halves. Final aligned
composite faces had a canvas size of 320 x 420 pixels and misaligned composite faces

had a canvas size of 400 x 420 pixels. Example stimuli are shown in Figure 1.

Figure 1 about here

Design
There are a number of ways of testing the composite effect. Following Richler and
Gauthier (2013) we use the “complete” design (for discussion of the merits of the

various designs see Rossion, 2013; Richler & Gauthier, 2013).*

! We also provide analyses of the “traditional” design of the composite effect in our
supplementary materials. We found only minor differences between the two analyses.
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In this experiment, we changed the faces in two ways; either a configural
difference (spatial position of the eyes) or component difference (lightness of the
eyebrows). For each type of change, we manipulated five independent variables.
There were two between-participant variables: Orientation (upright or inverted) and
Participant Race (Caucasian or Chinese). There were three within-participant
variables. Face composites were either aligned or misaligned, and were either
Caucasian or Chinese faces. Finally, signals from the target (top) halves and irrelevant
(bottom) halves could be congruent (both same or both different) or incongruent (one
same, one different). Under holistic processing we expect congruent trials to be
relatively easy because the irrelevant halves provide the same signal as the target half.
However incongruent trials would be relatively difficult under holistic processing,
because the irrelevant half provides the opposite signal to the target half.

Following removal of the three participants for guessing there were 15
participants (eight Chinese and seven Caucasian) in each of the upright configuration,
inverted configuration and upright component conditions, and 16 participants for

inverted component composites.

Procedure

The experiment was conducted under normal illumination conditions on a Power
Mac G5 computer with a CRT screen (resolution 1280 x 1024 pixels), using Matlab
and the Psychophysics toolbox (Brainard, 1997; Pelli, 1997). Participants were told
that they would be shown two composite faces on each trial. They were told to attend
to the top-halves of the faces and judge whether they were identical. Participants were
explicitly told that a response of “same” meant that the two top-halves were identical

whereas “different” meant the two top-halves differed in the distance between the eye
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regions, or the lightness of the eyebrows. Furthermore they were shown a number of
examples (of faces not used in the experiment) of the differences that they would need
to detect. Responses were made via the keyboard. Due to the difficulty of the task,
participants were asked to respond as accurately as possible, and were not given
instructions about the speed of their responses.

On each trial, after a fixation cross for 300 ms and a blank screen for 200 ms, the
study composite (aligned or misaligned) was shown for 600 ms at the centre of the
screen. Following a blank screen of 300 ms, the test composite (same alignment as
study) was presented at a position offset by 20 pixels in a random direction from
centre. The test face remained on the screen for 3000 ms or until a response was
made, whichever was shorter.

Trials were blocked by alignment condition and race of face. The four blocks
were run in two 40-minute sessions, held on different days no more than 8 days apart.
All participants completed two blocks in the first session and the remaining two
blocks in the second session. The order of blocks was counterbalanced with a Latin

Square. Each block contained 240 trials.

Results

Under holistic processing, irrelevant (bottom) face halves are expected to
influence judgments of target (top) halves, resulting in larger congruency effects for
aligned than misaligned composites. Thus, an interaction is expected between
congruency and alignment. This interaction is crucial because a main effect of

congruency might simply reflect general interference between stimulus features



HOLISTIC PROCESSING OF CONFIGURATIONS AND COMPONENTS

without any particular reference to the face configuration (crucial for holistic
processing).

Because of the complexity of our design, we separate our results in two ways.
First, we report our results separately for configuration and component changes.
Second, we present the results separately for upright and inverted faces, since
inversion generally reduces composite effects, so we didn’t expect many differences
for inverted stimuli (Rossion & Boremanse, 2008; McKone, et al., 2013; but see
Richler, Mack, Palmeri, & Gauthier, 2011). The analyses of inverted faces will show,
as predicted, relatively few statistically significant effects, and for completeness we
provide analyses including orientation at the end of this section.

In all conditions, we calculated d' using the standard formula d' = z(Hits) - z(False

Alarms) (Green & Swets, 1966).

Configuration differences

Results are shown in Figure 2 and in the Appendix. We performed a mixed
ANOVA for each orientation with one between-participants factor (Race of
Participant) and three within-participant factors (Alignment, Congruency, and Race of
Face). For upright faces, we found a statistically significant main effect of
Congruency, F(1,13)=56.97, p<.001, #7=.81, and a Congruency x Alignment
interaction, F(1,13)=40.82, p<.001, #7’=.76, showing holistic processing since the
congruency effect (influence of irrelevant halves) was larger for aligned than
misaligned composites. No other main effects were statistically significant (Fs<1).
Race of Face interacted with Alignment, F(1,13)=4.77, p<.05, 2=.27, and with
Congruency, F(1,13)=59.98, p<.001, 77°=.82, and the three-way interaction of these

factors was also significant, F(1,13)=11.83, p<.01, 77°=.48, as was the three-way
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interaction between Race of Face, Race of Participant, and Congruency,
F(1,13)=6.04, p<.05, 77°=.32. As these results were not theoretically interesting (they
appear generally caused by slightly stronger effects for our Chinese than Caucasian
stimuli), no further analysis of them was undertaken. Crucially, the four-way
interaction of Race of Face, Race of Participant, Congruency, and Alignment was not
statistically significant, F<1. No other interactions were statistically significant, all Fs
< 2.6, p >.13. In summary, for upright configural judgments, we found a congruency
effect for aligned faces that was much weaker for misaligned faces, suggesting
holistic processing,. We found no evidence that these effects varied as a function of

race expertise.

Figure 2 about here

For inverted faces, there was no evidence for holistic processing. The same
ANOVA showed a significant main effect for Congruency, F(1,13)=5.28, p<.05, 7
=.29, with higher sensitivity in congruent than incongruent trials, but crucially no
Congruency x Alignment interaction, F<1. There was also a significant Race of Face
x Race of Participant interaction, F(1,13)=6.02, p<.05, #=.32, as Caucasian
participants showed worse performance for own-race faces (largely driven by poor
performance on own-race incongruent trials) whereas Chinese participants showed
relatively similar performance for the two races. The four-way interaction was
marginally significant, F(1,13)=4.17, p=.06; had it been significant, it would have
been because of a particularly large congruency effect by Caucasian participants for

misaligned own-race faces. No other effects were statistically significant, all Fs<2.2,

10



HOLISTIC PROCESSING OF CONFIGURATIONS AND COMPONENTS

p>.17. Overall, we found a mild congruency effect, but it did not vary with alignment,

and therefore is not indicative of holistic processing.

Figure 3 about here

Component differences

Results can be seen in Figure 3 and the Appendix. For upright faces, we found a
main effect of Congruency, F(1,13)=15.11, p<.001, #=.54, and an interaction
between Congruency and Alignment, F(1,13)=16.35, p<.001, 7zr=.56, indicating
holistic coding for component information. The only other statistically significant
effect was an interaction between Congruency and Race of Face, F(1,13)=8.16,
p<.05, 77°=.39, because congruency effects were larger for Chinese than Caucasian
faces. No other effects were statistically significant, Fs<1.8, p>.2. This pattern of
results is very similar to that found for configuration differences. In other words,
judgments of eyebrow lightness were affected by irrelevant information in aligned
composites, but much less so in misaligned composites.

For inverted composites, no main effects were statistically significant, but two
interactions were significant. The Alignment x Congruency interaction, F(1,14)=5.13,
p<.05, 77=.27, showed a slight congruency effect for aligned composites but an
equal-sized advantage for incongruent stimuli that were misaligned. There was also a
significant interaction between Alignment and Race of Participant, F(1,14)=6.14,

p<.05, 77°=.31, because Chinese participants performed better than Caucasians for

11
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aligned faces, but Caucasians performed slightly better for misaligned faces. No other

effects reached statistical significance, Fs<2.2, p>.16.

Orientation Effects

To examine more directly the effects of orientation on the size of the composite
effect, we computed ANOVAs for each type of change (configuration and
component) as above, but included orientation (upright vs inverted) as a between-
participants factor. For both analyses (configuration and component), the three-way
interaction of Congruency, Alignment, and Orientation was significant (configuration
changes: F(1,26)=31.66, p<.001, 7°=.55; component changes: F(1,27)=7.69, p<.05,
77°=.22), showing that for both change types, the Congruency x Alignment interaction

was larger for upright than inverted composites (see Figures 2 and 3).

Discussion

We evaluated whether judgments of facial configurations or components would be
affected by holistic processing of irrelevant face information. We found that detection
of both types of change showed interference from the irrelevant bottom half of the
face, at least for upright face composites. Therefore, the key finding is that component
changes are susceptible to holistic processing in the same way that configuration
changes are. This is the first direct demonstration that holistic processing includes
more than just configural information, but also information about components.
Although the term “holistic processing” is widely used in the face perception

literature, very little work has sought to understand exactly what it encompasses, and

12
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so our result helps us understand the breadth of information that it captures from a
face.

For inverted faces, there was no evidence of holistic processing. For configuration
changes, there was a main effect of congruency but it did not vary with alignment;
component changes did not show a pattern of results that was consistent with holistic
processing and the main effect of congruency was not significant. There is a large
body of data suggesting that holistic processing of faces is weaker when they are
inverted (e.g., Rossion, 2008; McKone & Yovel, 2009), and these results are
supported by the interactions with orientation reported above; but see Richler, Mack,
et al. (2011) who reported that inverted face composites showed holistic processing
effects which had the same magnitude as those observed for upright composites
(though the effects required longer presentations of stimuli).

Our results stand in some contrast to previous studies showing holistic processing
of configural information, but not component or surface information (e.g., Jiang, et
al., 2011; Leder & Bruce, 2000; Le Grand et al., 2001). There are several ways to
account for these differences. As has been noted in several recent articles (e.g.,
Hayward, et al., 2013; Rossion, 2008, 2013; Mondloch, et al., 2010), a number of
different tests are used to assess holistic processing, yet these tests correlate poorly
with each other. Therefore, they likely measure different aspects of face processing in
ways that we are not yet able to clearly characterize. Many studies showing a lack of
holistic processing for component information, for example, have used the size of the
face inversion effect as a proxy for holistic processing, when inversion may not be a
particularly good measure of this construct (e.g., Richler, Mack, et al., 2011; Russell,

et al., 2007).

13
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However, not all contrasts in results can be accounted for by the use of different
methodologies. Like us, Jiang et al. (2011) also used the composite task to assess the
sensitivity of holistic processing for different sources of information. In that study,
participants judged face composites in which the irrelevant half of the stimulus
differed either in shape or in surface information, while the other property was held
constant. Although not specifically examining face components, faces that differ in
surface information will be differentiable on the basis of brightness differences. As
noted above, Jiang et al. did not find any holistic coding of surface differences. This
study differs from ours because they looked for interference effects from face
components, whereas we assessed sensitivity to component brightness directly. We
speculate that stimulus differences in surface changes in Jiang et al.’s experiment
were relatively small, producing weaker interference. This was not an issue in our

study because we have a direct measure of discriminability for both our stimulus

types.

Race effects

We tested two races of participants (Chinese and Caucasians) with own-race and
other-race faces, and found little difference in the size of the composite effect
between own-race and other-race faces. This result stands in contrast to Michel, et al.
(2006), which found larger composite effects by Caucasians and Koreans for own-
race than other-race face composites. However, like the present study, other recent
studies have also found similar-sized composite effects for own-race and other-race
faces (e.g., Bukach et al., 2012; Mondloch, et al., 2010; Harrison, et al., 2014; Horry
et al, 2015; for a review see Hayward, et al., 2013). The weight of the evidence

suggests that there is no effect of face race on the size of the composite effect.

14
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Conclusions

Our results show definitively that holistic processing of a face includes both
configuration and component information. The simplicity of our component change
suggests a broad range of facial information is included in the holistic representation.
Importantly, the results were consistent for both races of participant ensuring the
conclusions are generalizable and not simply a characteristic of one particular
population. These results help elucidate the nature of a key theoretical construct in

face processing which despite its ubiquity as a concept is remarkably underspecified.
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Appendix

Here we present the data for all cells entered into the analyses of variance.

Upright Inverted
Caucasian Chinese Caucasian Chinese
participants participants participants participants
Caucasian | Chinese | Caucasian | Chinese | Caucasian | Chinese | Caucasian Chinese
face face face face face face face face
Ai | mis | A [ Mis | A [ Mis | A | mis | A ] Mis | A Mis | Ai | Mis | Al | Mis
Con 0.73 0.39 | 097 | 0.13 0.62 0.40 | 1.47 | 0.45 .030 057 | 043 | 034 | 052 | .042 | 0.46 | 0.39
Inc -01 .039 -.67 0.10 -17 0.34 -79 0.05 -10 -39 0.11 | 0.17 | 0.39 0.34 | 042 0.24
Table A.1. Performance at discriminating configuration changes (d").
Upright Inverted
Caucasian Chinese Caucasian Chinese
participants participants participants participants
Caucasian Chinese Caucasian Chinese Caucasian | Chinese | Caucasian | Chinese
face face face face face face face face
Ai | Mis | A Mis | A | Mis | A | Mis | A | Mis | Ai] Mis | A | Mis | Al [ Mis
Con | 1117 | 1087 | 1124 | 1050 823 792 886 817 948 923 951 909 871 905 887 | 898
Inc 1174 | 1128 | 1160 | 1089 839 807 1091 | 821 933 921 911 929 910 919 900 916

Table A.2. Performance at discriminating configuration changes (RT, in ms).
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Upright Inverted
Caucasian Chinese Caucasian Chinese
participants participants participants participants
Caucasian | Chinese | Caucasian | Chinese | Caucasian Chinese | Caucasian | Chinese
face face face face face face face face
Ai | Mis | A [ Mis | Ai | mis | A [ Mis | Ai | mis | Ai | Mis | Ai [ wmis | Ai | Mis
Con 0.57 0.25 | 0.68 | 0.22 0.57 0.19 | 065 | 043 | 0.21 0.17 | 0.21 | 0.15 0.32 0.12 | 0.33 0.2
Inc -29 0.27 -.38 0.04 | 011 0.35 -12 0.19 | 0.23 0.34 | 0.05 | 0.28 0.22 0.27 | 0.24 | 0.16
Table A.3. Performance at discriminating component changes (d").
Upright Inverted
Caucasian Chinese Caucasian Chinese
participants participants participants participants
Caucasian | Chinese | Caucasian Chinese Caucasian Chinese Caucasian | Chinese
face face face face face face face face
Ali | Mis | Ali Ai [ mis | A | mis | A [ Mis | A | Mis | A | Mis | Al | Mis
Con 980 825 909 1033 964 1042 | 1107 | 1127 994 951 1013 919 952 950 813
Inc 985 785 901 1063 991 1101 | 1138 | 1177 | 1013 | 1027 838 981 921 958 999

Table A.4. Performance at discriminating component changes (RT, in ms).
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Figure Captions

Figure 1. Face composites varying in configuration and component information.
Participants made judgments of top halves, which always showed the same identity
but might vary in the facial configuration (top of figure) or components (bottom of
figure).

Figure 2. Congruency effect for configuration differences. Here and elsewhere,
within-participant standard error bars are plotted.

Figure 3. Congruency effect for component differences.
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original face

original face

CONFHGURATION CHANGE

Different top, Same top, Different top,
same bottom different bottom different bottom

[ -
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COMPOMENT CHANGE

Different top, Same top, Different top,
same bottom different bottom different bottom

Figure 1
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