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The valence hypothesis and the right hemisphere hypothesis in emotion processing have been alter-
natively supported. To better disentangle the two accounts, we carried out two studies, presenting
healthy participants and an anterior callosotomized patient with ‘hybrid faces’, stimuli created by su-
perimposing the low spatial frequencies of an emotional face to the high spatial frequencies of the same
face in a neutral expression. In both studies we asked participants to judge the friendliness level of
stimuli, which is an indirect measure of the processing of emotional information, despite this remaining
“invisible”. In Experiment 1 we presented hybrid faces in a divided visual field paradigm using different
tachistoscopic presentation times; in Experiment 2 we presented hybrid chimeric faces in canonical view
and upside-down. In Experiments 3 and 4 we tested a callosotomized patient, with spared splenium, in
similar paradigms as those used in Experiments 1 and 2. Results from Experiments 1 and 3 were con-
sistent with the valence hypothesis, whereas results of Experiments 2 and 4 were consistent with the
right hemisphere hypothesis. This study confirms that the low spatial frequencies of emotional faces
influence the social judgments of observers, even when seen for 28 ms (Experiment 1), possibly by
means of configural analysis (Experiment 2). The possible roles of the cortical and subcortical emotional
routes in these tasks are discussed in the light of the results obtained in the callosotomized patient. We
propose that the right hemisphere and the valence accounts are not mutually exclusive, at least in the

case of subliminal emotion processing.

© 2015 Published by Elsevier Ltd.

1. Introduction

Hemispheric lateralization in facial emotion processing remains
a controversial issue in the field of cognitive neuroscience despite
the number of studies that have delved into the issue for decades.
Remarkably, opposite patterns of hemispheric superiority have
been suggested, although a number of studies have failed in
finding cerebral asymmetries (see Demaree et al., 2005; Torro-
Alves et al., 2008 for a review; Fusar-Poli et al., 2009 for a meta-
analysis of about more than 100 studies). The two currently
leading hypotheses are the ‘right hemisphere hypothesis’ (RHH;
Gainotti, 1972; Levy et al., 1983a,b) and the ‘valence hypothesis’
(VH, Davidson et al., 1987; Baijal and Srinivasan, 2011). According
to the RHH, the right hemisphere is superior to the left

* Correspondence to: Department of Neuroscience, Imaging and Clinical Science,
University of Chieti, BLOCCO A, Via dei Vestini 29, 1-66013 Chieti, Italy.
Fax: +39 871 35542163.

E-mail address: giulia.prete@unich.it (G. Prete).

http://dx.doi.org/10.1016/j.neuropsychologia.2015.01.002
0028-3932/© 2015 Published by Elsevier Ltd.

hemisphere in the analysis of all emotions, whereas, according to
the VH, the right hemisphere is specialized in negative emotion
processing and the left hemisphere is specialized in positive
emotion processing.

An attempt to reconcile the VH and the RHH was proposed by,
who supported the view according to which the VH and the RHH
could coexist (the “modified valence hypothesis”, MVH). In this
model, the emotional processing involves both hemispheres: the
classical hemispheric superiority in a valence-specific emotional
analysis would depend on pre-frontal specialization (in which left
prefrontal cortex would be specialized in positive emotion pro-
cessing and right prefrontal cortex would be specialized in nega-
tive emotion processing), with posterior areas showing right-
hemispheric superiority in all emotional processing (Davidson,
1984; Borod, 1993). Despite this theory remained mostly ignored
for decades, it has been recently confirmed by Killgore and Yur-
gelun-Todd (2007), by means of an fMRI paradigm in which a
posterior right-hemispheric activation was shown during non-
conscious emotional face processing, but also an anterior bilateral

Please cite this article as: Prete, G., et al., Right hemisphere or valence hypothesis, or both? The processing of hybrid faces in the intact
and callosotomized brain. Neuropsychologia (2015), http://dx.doi.org/10.1016/j.neuropsychologia.2015.01.002

67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
Q385
86
87
88
89
90


www.sciencedirect.com/science/journal/00283932
www.elsevier.com/locate/neuropsychologia
http://dx.doi.org/10.1016/j.neuropsychologia.2015.01.002
http://dx.doi.org/10.1016/j.neuropsychologia.2015.01.002
http://dx.doi.org/10.1016/j.neuropsychologia.2015.01.002
mailto:giulia.prete@unich.it
http://dx.doi.org/10.1016/j.neuropsychologia.2015.01.002
http://dx.doi.org/10.1016/j.neuropsychologia.2015.01.002
http://dx.doi.org/10.1016/j.neuropsychologia.2015.01.002
http://dx.doi.org/10.1016/j.neuropsychologia.2015.01.002

O OO U D WN =

13

2 G. Prete et al. / Neuropsychologia m (REEE) REE-EER

valence-specific activation (see also Thomas et al., 2014). Another
perspective has been recently proposed by Najt et al. (2013), that
of a “negative only valence hypothesis”, suggesting right-hemi-
spheric superiority for only some negative emotions (i.e., anger,
sadness and fear) but not all (e.g., disgust).

As mentioned above, however, the results of the majority of
studies have tended to interpret their laterality results as ex-
clusively in favor of either the VH or the RHH. For example, asked
participants to recognize a target emotion in a divided visual field
paradigm in which the target and a distracting expression were
simultaneously presented, finding that emotional targets were
better and faster recognized when presented in the left visual
field, supporting the RHH (Torro-Alves et al., 2011). In contrast,

14 Q4 Jansari et al. (2011), using a similar paradigm, found support for
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the VH, since positive emotions were better recognized when
presented in the right visual field (RVF) and negative emotions
were better recognized when presented in the left visual field
(LVF). Moreover, Tamietto et al. (2007) , exploiting both unilateral
and bilateral presentations of emotional faces and asking partici-
pants to detect a target complex emotion, failed to find hemi-
spheric asymmetry in either paradigm. Moreover they found that
responses were faster and more accurate in bilateral displays with
two emotionally congruent - and physically different - faces,
proposing a ‘redundant target effect’ according to which inter-
hemispheric cooperation, rather than lateralized asymmetry, oc-
curs during the processing of complex emotions (Tamietto et al.,
2007).

Importantly, it is generally accepted that the right hemisphere
is specialized in low spatial frequency analysis (possibly support-
ing global or configural processing), whereas the left hemisphere
is specialized in high spatial frequency analysis (supporting local
or coordinate processing; Sergent, 1982; Hellige, 1996; Proverbio
et al,, 1997; Peyrin et al., 2003; Han et al., 2002). Interestingly, it
seems that the emotional content of faces may be mainly conveyed
by a specific range of spatial frequencies, since a number of studies
support a dominant role of low spatial frequencies in emotion
processing and that of high spatial frequencies in identity re-
cognition of faces (e.g., Vuilleumier et al., 2003); however, also in
this domain, there are contrasting results, with some studies
supporting the opposite perspective, i.e. identity recognition based
on low spatial frequencies and emotional content based on high
spatial frequencies (Gao and Maurer, 2011).

In the present study, we attempt to address the above incon-
sistencies in laterality effects of emotional processing by using a
recent paradigm, based on the presentation of images filtered at
different spatial frequencies and overlapped to each other in order
to constitute a single target stimulus (Schyns and Oliva, 1999).
Specifically, ‘emotional hybrid faces’ are stimuli created by amal-
gamating the low spatial frequencies of an emotional face with the
high spatial frequencies of the same face with a neutral pose. In a
study using emotional hybrid faces, Laeng et al. (2010) found that
observers could not identify above chance the emotional content
of such stimuli, judging them all as neutral, although the emo-
tional expressions (happy, angry, sad or afraid) was present within
the range of the lower spatial frequencies (1-6 cpi). Despite being
hidden from awareness, the hidden emotional content of stimuli
did stimulate the “emotional brain”, influencing the participants’
friendliness evaluations: hybrid happy faces were judged as more
friendly and hybrid angry faces as less friendly than neutral faces
(Laeng et al., 2010, 2013a,b; Leknes et al., 2013). This pattern of
results suggests that low spatial frequencies can feed a core
emotional processing of social stimuli.

However, the use of these stimuli in follow-up studies in which
the stimulus presentation was tachistoscopically lateralized, has
led to conflicting results, alternatively supporting either the RHH
or the VH. That is, one study showed that the presentation of

hybrid faces in the left visual field led to lower friendliness scores
than the presentation of the same stimuli in the right visual field,
generally supporting the VH (Prete et al., 2014a,b). In the same
study, it was also shown that this asymmetry could manifest itself
more robustly when the presentation time of stimuli became
shorter. To further investigate the role of cerebral hemispheres
using hybrid faces, tested two patients with callosal resection (D.D.
C., with total callosotomy, and A.P, with a large anterior callo-
sotomy) and a control group, exploiting the fact that bilateral ta-
chistoscopic presentation of two identical or different emotional
hybrid faces or emotional unfiltered faces would be processed by
each contralateral hemisphere. Contrary to the previous study by,
Prete et al. (2014a,b) the evidence from the split-brain patients
supported the RHH when two hybrid faces were simultaneously
presented. Moreover, the RHH was supported when unfiltered
faces were presented, but only in the anterior callosotomized pa-
tient and in the control group. However, a left-hemispheric su-
periority was found in the completely callosotomized patient,
which could be attributed to extinction in a paradigm with double
field presentations (Prete et al., 2013).

In the present study we re-assessed the processing of hybrid
faces with the main aim of clarifying the relative strengths of the
RHH and the VH. Considering the contrasting results obtained in
previous studies, we were interested in better understanding po-
tential hemispheric competences in subliminal emotion proces-
sing, exploiting both unilateral and bilateral presentation para-
digms. Thus, based upon the paradigms already used, we ma-
nipulated two specific conditions (i.e., presentation time and ec-
centricity of lateralized presentation of the stimuli). Specifically,
we investigated (i) which is the shortest exposure time for a
hidden emotion to exert an influence on the observers’ social
judgments, and which are the effects of different exposure times
on the hemispheric roles (Experiment 1), given the evidence ac-
cording to which a shorter presentation time corresponds to a
stronger support for the VH (Prete et al., 2014a,b); and (ii) how
eccentricity of lateralized presentations (e.g., parafoveal versus
extrafoveal) can modulate hemispheric asymmetries (Experiment
2), given the evidence according to which the extrafoveal pre-
sentation of hybrid faces supports the RHH (Prete et al., 2013). In
addition, we assessed the interaction between parafoveal pre-
sentation of two hemifaces (by means of the classical paradigm of
chimeric faces) with holistic processing, manipulated by means of
face inversion (Experiment 2), assuming that the inversion of faces
disrupts the holistic processing based on the low spatial frequency
(Tanaka and Farah, 1993; Collishaw and Hole, 2000; Maurer et al.,
2002). We hypothesized that in the case in which the RHH and the
VH are mutually exclusive, we should find that either the very
rapid presentation of lateralized hybrid faces (Experiment 1), other
than the chimeric faces paradigm, reveal a RHH pattern (as pre-
viously found by means of bilateral presentations), or that the
chimeric faces paradigm (Experiment 2), other than the unilateral
tachistoscopic presentation, confirm the VH account (as previously
found by means of unilateral presentation). To sum up, we tried to
disentangle what kind of experimental manipulation could clarify
the dispute between the RHH and the VH in the field of subliminal
emotions.

Finally, to strengthen the possible evidence of hemispheric
asymmetries in subliminal emotion analysis, we tested A.P, a
callosotomized patient who lacks the corpus callosum, with the
exception of the splenium that was spared by the surgeon. The
callosal resection is an invasive and obsolete treatment that was
carried out until a few years ago in order to prevent the spread of
epileptic foci in drug-refractory epileptic conditions, but it is
substantially out of use nowadays. An anterior callosal resection
does not lead to the “classical disconnection syndrome” resulting,
for example, in alexia for stimuli presented in the left visual field
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(Sperry et al., 1969), but represents a unique opportunity that
could allow us to draw conclusions based on selective interhemi-
spheric disconnection. Previous studies carried out with split-
brain patients showed that both hemispheres are capable of face
processing, with some differences in hemispheric competences:
for example, the right hemisphere seems better able in perceptual
matching tasks and the left hemisphere in verbal description tasks
(Levy et al.,, 1972); moreover, the right hemisphere appears su-
perior in others’ faces recognition, whereas the left hemisphere
appears superior in own face recognition (Turk et al., 2002; Uddin
et al., 2005). Coming to emotional processing, Stone et al. (1996)
showed the ability of both hemispheres of a split-brain patient in
matching facial expressions with emotional words, but they found
higher accuracy of the right hemisphere in a discrimination task.
Moreover, Ladavas et al. (1993) presented a split-brain patient
with subliminal emotional scenes in the LVF or in the RVF, asking
him to discriminate between emotional and neutral content: the
authors found that the patient was able to carry out the task, but
showed no cerebral asymmetry, except for the right hemisphere
producing a stronger autonomic response to emotional than
neutral stimuli, corresponding to an increase in heart rate. Due to
the rarity of callosotomized patients, there have been few studies
on emotional processing that assessed the effects of the resection
of the anterior corpus callosum. However, in a recent study, the
patient A.P. was tested in a paradigm based on emotional chimeric
faces, showing a right-hemispheric dominance (Prete et al., 2014a,
b). Moreover, the ability of a complete split-brain patient (D.D.C.)
and A.P. in subliminal emotion processing was demonstrated by
using hybrid faces (Prete et al., 2013).

On the basis of the above results we expected that the perfor-
mance of A.P. in hybrid faces processing could contribute relevant
information about the complex field of cerebral asymmetries in
emotional analysis (Experiments 3 and 4). In fact, we assumed that
the intact splenium would prevent the possible spatial neglect
found in total split-brain patients (Prete et al., 2013), but the cal-
losal disconnection would help in elucidate hemispheric compe-
tences which remain unclear in the literature on emotional pro-
cessing. It should be noted that, if on one hand the subcortical
nature of subliminal emotion analysis is well-known (Adolphs
et al., 1994), on the other hand the role of frontal areas in emo-
tional evaluations has also been shown, with particular involve-
ment of the orbito-frontal and the cingulate cortices (see Pessoa
and Adolphs, 2010; Tamietto and De Gelder, 2010 for reviews). In
this view, and according to the previous results obtained with the
same patient (Prete et al., 2013), A.P’s performance during both
unilateral and bilateral presentation paradigms should be seen as a
further test of hemispheric competences in the subliminal emo-
tion domain.

2. Experiment 1

In Experiment 1 we exploited a divided visual filed paradigm as
in, Prete et al. (2014a,b) but we reduced the presentation time of
hybrid faces in order to establish the shortest presentation time
needed by these stimuli to modulate the social judgments of
participants. Moreover, we tried to stress the condition under
which the implicit processing of the emotional information carried
by low spatial frequencies can effectively occur, with the main aim
to better assess the hemispheric competences in emotion
processing.

2.1. Material and methods

2.1.1. Participants
The task was administrated to 64 volunteering participants (40

females; age: 24.83 + 0.61). The mean handedness score of the
sample was 82.59 ( 4+ 5.51), as assessed by a short version of the
Edinburgh Handedness Inventory (Oldfield, 1971), including 3 left-
handed males and 1 left-handed female. All participants had
normal or corrected-to-normal vision, and they were unaware of
the purpose of the study. They were tested as volunteers at the
Psychobiology Laboratory of the University of Chieti (Italy). The
experimental procedure was approved by the local ethical
committee.

2.1.2. Stimuli

Stimuli consisted of photographs of female and male faces se-
lected from the Karolinska Directed Emotional Faces (Lundqvist
et al., 1998), a face database in which professional actors pose
different facial expressions corresponding to basic emotional ex-
pressions. They were presented in gray-level, at a resolution of
260 x 270 pixels, measuring 4.8° x 6.3° of visual angle seen at a
distance of 72 cm. The faces of 6 females and 6 males were pre-
sented in neutral pose (NE) and in hybrid happy (HA) and hybrid
angry (AN) poses. The hybrid faces were created by manipulating
the images by means of MatLab software (Mathworks Inc., Natick,
MA), obtaining one image (happy or angry pose) filtered at low
spatial frequency and another image (neutral pose) filtered at high
spatial frequency. In order to obtain the hybrid happy and the
hybrid angry faces, the emotional face filtered at low spatial fre-
quencies (1-6 cycle/image) was superimposed to the neutral im-
age of the same person filtered at high spatial frequencies (7-128
cycle/image; see Fig. 1). Faces presented as neutral in the experi-
ment were unfiltered or broadband.

2.1.3. Procedure

Participants comfortably sat in a dark room, at a distance of
about 72cm from the computer screen (YASHI, resolution:
1280 x 1024 pixels, refresh rate: 70 Hz), and they were tested in-
dividually. The whole sample of 64 participants was divided into
two subgroups: 32 participants were tested in a condition in
which a mask immediately followed each stimulus (‘Mask group’:
N=32; females: 20; age: 25.5; handedness: 85.89), and 32 parti-
cipants were tested in a similar task but without the mask

HAPPY FACE

NEUTRAL FACE

LOW SPATIAL FREQUENCY
1-6 cpi

HIGH SPATIAL FREQUENCY
7-128 cpi

HYBRID HAPPY FACE

Fig. 1. An example of stimulus preparation: (A) Happy face from the Karolinska
Directed Emotional Faces database; (B) same happy face filtered in low spatial
frequency (from 1 to 6 cpi); (C) neutral pose of the same individual; (D) same

neutral face filtered in high spatial frequency (from 7 to 128 cpi) and (E) “Hybrid
happy” face: image obtained by superimposing image B to image D.
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following each stimulus (‘Non-Mask group’: N=32; females: 20;
age: 24.29; handedness: 79.77).

In each trial, after a blank screen lasting 1s, a fixation cross
(0.02° x 0.02° of visual angle) positioned in the center of the white
screen was presented for 2 s and then the stimulus appeared for
either 128 ms, 85 ms, or 28 ms. Stimuli could be presented either
in the center of the screen, or laterally, at 2.4° of visual angle from
the inner edge of the stimulus to the left or to the right of the
fixation cross. For the Mask group each stimulus was followed by
the presentation of a mask, lasting 100 ms, consisting of a black
and white checkerboard (subtending 4.8° x 6.3° of visual angle)
located in the same position as the face that immediately preceded
it. Then, the screen remained blank until the participant gave her/
his rating, after which the next trial started. For the Non-Mask
group, the structure of the trial was the same, except for the
checkerboard mask, which was absent. The mask ensured that
each stimulus was viewed just for its presentation time, removing
the possibility of a persistent trace of the image onto the retina.
However, since in previous studies with hybrid faces, masking was
not used, we chose to test its effect comparing the two conditions
(with/without the presence of the mask).

All stimuli were shown three times and their presentation or-
der was randomized across and within participants.

Participants were asked to keep their gaze at fixation in the
center of the screen until the face disappeared. Then they were
required to evaluate how much the face had appeared friendly,
using a 5-point Likert scale in which 1 corresponded to “very
unfriendly” and 5 corresponded to “very friendly” (1: “very un-
friendly”; 2: “unfriendly”; 3: “neutrality point”; 4: “friendly”; 5:
“very friendly”). Half participants in each subgroup pressed the
numeric keys using the right hand, the other half using the left
hand.

Before starting the experimental session, participants were
presented with 10 stimuli to familiarize with the task and with the
friendliness scale. The whole paradigm was subdivided into three
parts, to allow participants to make two breaks, in order to remain
vigilant for the whole duration of the experiment.

The task was administered by means of E-Prime software
(Psychology Software Tools, Inc., Pittsburgh, PA) and it lasted about
40 min.

2.2. Results

Statistical analyzes were conducted by means of the software
Statistica 8.0.550 (StatSoft. Inc., Tulsa, USA). Due to the small
number of left-handers and considering the possible confounding
results related to participants’ handedness, the 4 left-handed
participants were excluded from the analysis. Furthermore, three
right-handed females were excluded from the analysis because
their mean scores were above 2 standard deviations from the
sample mean. A repeated-measures analysis of variance (ANOVA)
was carried out, using Emotion (happy, neutral, angry), Sex of face
(female, male), Position (center, left, right) and Time (28 ms,
85 ms, 128 ms) as within-subject factors, and the friendliness
ratings of faces as dependent variable. Post-hoc comparisons were
carried out by Duncan tests.

In a preliminary split-plot ANOVA, Sex of participants (female,
male), Hand used to respond (left, right) and Mask (present, ab-
sent) were considered as between-subject factors. However, none
of these factors were significant as main effects (Sex of partici-
pants: F (1, 49)=0.07, p=0.794; Hand: F (1, 49)=0.44, p=0.509;
Mask: F (1, 49)=0.85, p=0.361), nor in interaction with other be-
tween- and within-subject factors, thus they were excluded from
further analyzes.

The interaction Emotion X Sex of face X Position was significant
(Fa, 224y=4.5, MSE=0.1, p=0.002, n?=0.07; Fig. 2). Of note, female
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Fig. 2. Interaction Emotion X Position X Sex of face: mean ratings of hybrid faces
(happy, neutral and angry) in left-side (black bars), central (textured bars) and
right-side (white bars) presentation, for female (left panel) and male (right panel)
faces, on the friendliness scale (range: 1-5). Error bars represent standard errors.
Asterisks show the significant comparisons (p <0.05) within female and male
faces.

faces shown at each position and in each emotional pose were
judged as more friendly than male faces (p < 0.001, for all com-
parisons). Importantly, female happy faces were judged as less
friendly when presented in the left than in the right visual field
and centrally (p <0.001, for both comparisons), whereas there
were no differences among positions for neutral and angry female
faces. Male happy faces were judged as more friendly when pre-
sented centrally than laterally (p < 0.001, for both comparisons),
but there was no significant difference between left and right vi-
sual field presentations (p=0.386); on the other hand, male neu-
tral and angry faces were judged as less friendly when presented
in the left than in the right visual field (neutral: p=0.045, angry:
p=0.008), and centrally (neutral: p <0.001; angry: p=0.009); fi-
nally, only neutral male faces were judged as more friendly when
presented centrally than in the right visual field (p < 0.001).

The interaction Emotion X Position was significant
(Fia, 224y=7.5, MSE=0.15, p < 0.001, n?=0.12). Post-hoc compar-
isons indicated that in all positions happy faces were judged as
more friendly than neutral and angry faces (p <0.001, for all
comparisons), and in central and left visual field presentations
angry faces were judged as less friendly than neutral faces (cen-
tral: p<0.001; left visual field: p=0.042), whereas this compar-
ison failed to be significant in the right visual field presentations
(p=0.164). Moreover, happy faces were judged as more friendly
when presented in right than in left visual field (p=0.003), and
they were judged as more friendly when presented centrally than
laterally (p <0.001, for both comparisons). Neutral faces were
judged as more friendly when presented centrally than in the left
visual field (p <0.001) and in the right visual field (p=0.007). Fi-
nally, angry faces were judged as less friendly when presented in
the left visual field than in the right visual field (p=0.039) and
centrally (p=0.042).

The interaction Emotion X Sex of face was significant
(Fe2, 112y=35.36, MSE=0.24, p < 0.001, #*=0.39), and all post-hoc
comparisons were significant. In the interaction Sex of face X Po-
sition (Fr, 112)=8.54, MSE=0.13, p < 0.001, #*>=0.13) all post-hoc
comparisons were significant except that between female faces
presented centrally and in the right visual field. The interaction
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Table 1

Results of Duncan's post-hoc comparisons for the interaction Emotion X Time (the ‘Mean’ column contains the mean friendliness ratings for each condition).

EMOTION X TIME HAPPY NEUTRAL ANGRY
Mean 28 ms 85 ms 128 ms 28 ms 85 ms 128 ms 28 ms 85 ms 128 ms

HAPPY 28 ms 2.99 -

85 ms 3.04 0.083 -

12 8ms 3.06 0.011 0.366 -
NEUTRAL 28 ms 2.77 <0.001 <0.001 <0.001 -

85 ms 2.74 <0.001 <0.001 <0.001 0.286 -

128 ms 2.66 <0.001 <0.001 <0.001 <0.001 0.009 -
ANGRY 28 ms 2.70 <0.001 <0.001 <0.001 0.011 0.119 0.256 -

85 ms 2.63 <0.001 <0.001 <0.001 <0.001 <0.001 0.153 0.014 -

128 ms 2.61 <0.001 <0.001 <0.001 <0.001 <0.001 0.057 <0.001 0.563 -

Emotion X Time was significant (Fa4, 224)=6.81, MSE=0.12,
p <0.001, n?=0.11, see Table 1 for all post-hoc values).

The main effect of Emotion was significant (F, 112)=>50.6,
MSE=0.83, p <0.001, #*>=0.47; hybrid happy: 3.03 + 0.022; neu-
tral: 2.72 +0.016; hybrid angry: 2.64 + 0.016). Post-hoc compar-
isons showed that happy faces were judged as more friendly than
both neutral and angry faces (p <0.001, for both comparisons),
and that angry faces were judged as slightly less friendly than
neutral faces (p=0.054). The main effect of Position was significant
(F2, 112)=9.6, MSE=0.63, p < 0.001, 172=0.15; center: 2.88 +0.019;
left: 2.73 +0.019; right: 2.79 + 0.019). Post-hoc comparisons in-
dicated that stimuli presented centrally were judged as more
friendly than those presented both in the left visual field
(p <0.001) and in the right visual field (p=0.012), and that stimuli
presented in the LVF were judged as slightly less friendly than
those presented in the RVF (p=0.072). The main effect of Sex of
face was significant (F;, 56)=66.78, MSE=2.62, p < 0.001, n?=0.54;
female: 3.04 4+ 0.014; male: 2.56 4+ 0.014), female faces being
judged as more friendly than male faces. The main effect of Time
was not significant (F, 112)=1.33, p=0.268; 28 ms: 2.82 + 0.019;
85 ms: 2.8 +0.019; 128 ms: 2.78 + 0.019).

2.3. Discussion

Experiment 1 revealed that 28 ms were sufficient to processing
hybrid faces, strengthening the evidence that low spatial fre-
quencies influence the social evaluation of emotional stimuli, even
if a longer exposure time allows for more differentiated friendli-
ness evaluations. This pattern of results contrasts with that of Bar
et al. (2006) who found that observers needed at least 39 ms to
judge the threat of faces, whereas 26 ms were not sufficient (all
stimuli were followed by a mask consisting in black lines on a gray
and white background). A possible explanation for the difference
between these two studies is the fact that Bar et al. asked parti-
cipants to evaluate the threatening level of neutral (unfiltered)
faces only, thus testing for the presence of “first impressions”,
whereas in the present study, besides unfiltered neutral faces, the
hybrid stimuli did contain an emotional expression though “in-
visible”. However, the two studies are in agreement concerning
the central role of the low spatial frequencies in social evaluation
of faces. Moreover, the results of Experiment 1 confirmed and
extended those of with hybrid faces: stimuli presented in the left
visual field (right hemisphere) were judged as less friendly than
those presented in the right visual field (left hemisphere), con-
firming the validity of the VH, and this effect was stronger for
female happy faces and for male neutral and angry faces (see
Fig. 2). Importantly, the effects obtained could not be ascribed to
trace phenomena ensuing presentation (buffering, afterimages,

etc.) as demonstrated by the fact the results were not influenced
by masking. To conclude, the hypothesis according to which the
very rapid presentation time could disconfirm the VH, possibly
supporting the RHH, can be excluded on the basis of the present
results.

3. Experiment 2

Differently from results of Experiment 1, supporting the VH, a
previous study making use of bilateral presentations of two hybrid
faces had provided support for the RHH (Prete et al., 2013). In an
attempt to resolve this contradiction, in Experiment 2 we ma-
nipulated the composition of stimuli, taking advantage of a pe-
culiar type of bilateral presentation, chimeric faces. We tested the
possibility that presenting a chimeric face in the center of the
screen, thus associating two identical or different emotional hy-
brid hemifaces to the two hemifields, could provide useful hints
for settling the dispute between the right hemisphere and the
valence hypothesis in the domain of implicit emotion processing.
In fact, previous studies showed that the presentation of two
emotional hemifaces in the two visual hemifields (parafoveal
presentation) showed no asymmetries with unfiltered stimuli
(Prete et al., 2014a,b), whereas the bilateral presentation of two
separate emotional filtered or unfiltered faces (extrafoveal pre-
sentation), supported the right hemisphere hypothesis (Prete
et al.,, 2013). Considering these types of evidence together, it could
be hypothesized that the right-hemispheric superiority found by
means of the bilateral presentation paradigm was due to a form of
“bilateral redundancy effect”: the simultaneous extrafoveal pre-
sentation of two stimuli could be the reason per se of cerebral
asymmetries, possibly due to an attentional bias more than to a
cerebral asymmetry in emotion processing (Kim et al., 1990). On
the other hand, if the right-hemispheric superiority in subliminal
emotion processing found with the bilateral presentations is
consistent, it should also occur in the case of hybrid chimeric faces.
Thus, in this experiment, we expected that in the case a right-
hemispheric supremacy in the processing of hybrid chimeric faces
would be found the RHH would be supported, whereas, the VH
would be supported, by finding a hemispheric asymmetry in a
valence-specific fashion (as in Experiment 1, and in Prete et al,,
2014a,b). Furthermore, we tested the effect of disrupting the
configural processing of emotional faces, by presenting the stimuli
either in upright canonical orientation or upside-down.
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3.1. Material and methods

3.1.1. Participants

The task was administrated to a new group of 54 volunteers (28
female and 26 male; age: 21.57 + 0.39). All participants were right-
handers and their mean handedness score was 61.57 ( + 2.35), as
assessed by a short version of the Edinburgh Handedness In-
ventory (Oldfield, 1971). All participants had normal or corrected-
to-normal vision and they were unaware of the purpose of the
study. All other aspects were the same as in the previous
experiment.

3.1.2. Stimuli

Source faces used to create chimeras were the same as those
used in Experiment 1. In the present experiment, the faces of
4 females and 4 males in neutral pose and the hybrid happy and
hybrid angry images corresponding to the same individuals were
selected. Each of these 24 faces was divided into two halves (left
and right neutral, happy and angry hemifaces) and each hemiface
was coupled with all of the other hemifaces belonging to the same
individual, thus forming 9 chimeric faces for each identity, three of
which were in fact non-chimeric (left hemiface/right hemiface:
HA/HA, AN/AN, NE/NE, HA/AN, AN/HA, HA/NE, NE/HA, AN/NE, NE/
AN). In order to reduce the sense of strangeness due to the jux-
taposition of two hemifaces, a thin white stripe was inserted be-
tween the two halves (width: 0.02° of visual angle). All images
were then digitally rotated upside-down in order to obtain the
inverted version.

3.1.3. Procedure

Participants were tested individually, sitting in a dark room at a
distance of about 72 cm from the computer screen. The structure
of each trial was the following: after a blank screen lasting 1 s, a
black fixation cross (0.02° x 0.02° of visual angle) was presented
centrally for 1s, then the stimulus appeared for 128 ms in the
center of the screen, and after its disappearance the screen re-
mained blank until the participant gave her/his rating. Im-
mediately thereafter, the next trial started.

Participants were asked to keep their gaze at the fixation cross
in the center of the screen, they were informed that face images
would be presented upright and upside-down, and that they
would be required to evaluate how much each face appeared
friendly, using the same 5-point Likert scale as in Experiment 1, in
which 1 corresponded to “very unfriendly” and 5 corresponded to
“very friendly”.

All participants performed two sessions, one for each re-
sponding hand, and the order of the sessions was counterbalanced
among participants. In each session, half stimuli were presented in
canonical orientation (upright) and the other half were presented
in inverted orientation (upside-down); the presentation order of
stimuli was randomized across and within participants. Before
starting the experimental sessions, participants were presented
with 6 stimuli used to familiarize with the task and with the
friendliness scale. Between the two sessions, participants were
allowed to make a short break and they were asked to change the
responding hand.

The task was presented by means of E-Prime software (Psy-
chology Software Tools, Inc., Pittsburgh, PA) and it lasted about
20 min.

3.2. Results

Statistical analyzes were conducted by means of the software
Statistica 8.0.550 (StatSoft. Inc., Tulsa, USA). A repeated measures
ANOVA was carried out using Orientation (upright, upside-down),
Condition (left hemiface/right hemiface: HA/HA, AN/AN, NE/NE,
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HA/HA AN/AN NE/NE HA/AN AN/HA HA/NE NE/HA AN/NE NE/AN

Fig. 3. Interaction Orientation X Condition: mean ratings of hybrid chimeric faces
in canonical (white bars) and inverted (black bars) orientation on the friendliness
scale (range: 1-5). Error bars represent standard errors.

HA/AN, AN/HA, HA/NE, NE/HA, AN/NE, NE/AN) and Sex of face
(female, male) as within-subject factors, and the friendliness rat-
ings of stimuli as dependent variable. Post-hoc comparisons were
carried out by Duncan tests.

In a preliminary split-plot ANOVA Sex of participants (female,
male) was used as between-subject factor, and Hand used to re-
spond (left, right) was used as additional within-subject factor, but
they were not significant as main effects (Sex of participants:
Fa, 49)=0.23, p=0.634; Hand used to respond: Fg, 49)=0.02
p=0.888), nor in interaction with any other factors, so they were
excluded from further analyzes. Furthermore, three participants
were excluded from the analysis because their mean scores were
above 2 standard deviations from the sample mean (2 female and
1 male).

The interaction Orientation X Condition was significant
(Fes. a00y=4.93, MSE=0.09, p <0.001, n*=0.09, Fig. 3). Post-hoc
comparisons showed that the ratings for upside-down presented
stimuli were randomly assigned, whereas the upright HA/HA face
was judged as more friendly than all others except the upside-
down HA/HA face, and that the upright AN/AN face was judged as
less friendly than all others except the upright NE/NE, AN/NE and
NE/AN faces. All post-hoc results are reported in Table 2, the main
results concerning the higher friendliness judgments for upright
HA/AN than AN/HA face and for upright HA/NE than NE/HA face,
showing the greater weight of the face presented in the left visual
field (right hemisphere) for the final friendliness evaluation.

The interaction Sex of face X Orientation was significant
(F, 50y=4.66, MSE=0.21, p=0.036, >=0.09). Post-hoc compar-
isons revealed that female faces were judged as more friendly than
male faces, in both upright (p=0.005) and inverted orientations
(p<0.001), and that only female faces were judged as more
friendly when presented upside-down than upright (p=0.001).

The main effect of Condition was significant (Fg, 400)=10.44,
MSE=0.11, p < 0.001, 7>=0.17, see Table 3 for all post-hoc results),
whereas the main effects of Orientation and Sex of face failed to
reach statistical significance (Orientation: Fg, s0y=1.41, p=0.240;
upright faces: 2.857 +0.019, upside-down faces: 2.914 + 0.018;
Sex of face: F, s50y=1.87, p=0.179; female faces: 2.954 + 0.028,
male faces: 2.817 + 0.025).

3.3. Discussion

The results of Experiment 2 showed that the upside-down
presentation of the hybrid faces prevented the modulation of
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z friendliness judgments (e.g., happy/happy face was not differently
< . -
E | evaluated than angry/angry face), confirming that the emotional
processing of hybrid faces is based on a configural analysis of sti-
f hybrid f: based fi 1 1 f st
E = muli. Moreover, only female faces were judged as more friendly
Z LS when presented upside-down than upright. A possible explanation
« for this unexpected result could be that when presented in cano-
s S nical orientation, chimeric and hybridized faces could appear
= Le § ‘strange’ and thus they could be evaluated as relatively unfriendly.
= - When presented in upside-down orientation the sense of stran-
g 0= 0 geness could disappear specifically because the presence of sha-
g L2390 dows (due to the overlap of two images) and the difference be-
P tween the two hemifaces could be ignored in inverted orientation,
= PR leading to a more positive judgment. This process occurs only for
Z A B female faces possibly because female faces are generally evaluated
> as more friendly than male faces (i.e., Prete et al., 2014a,b), so that
§ § = § IS Z the reduced relevance of ‘negative’ aspects due to inversion could
g = ISsSsSod be enough to increase friendliness judgments for female but not
E o o e o o et for male faces. Importantly, for the upright presentation, the
= E ) BBIHN2Y friendliness judgments of hybrid chimeric faces confirmed the
b g teseeses validity of the right hemisphere hypothesis. In fact, the main
“lz|% 2NV I Y friendliness modulations were obtained depending on the emo-
] % z 202922 tional expression of the left hemiface: the happy/angry face was
£ 2 P evaluated as more friendly than the angry/happy face, as well as
g 5, % 202N m88 the happy/neutral face was evaluated as more friendly than the
o5 =% 233338282 neutral/happy face (higher friendliness evaluations when the
= e e n happy hemiface was presented in the left than in the right
E Z 88888853 hemifield). Similarly, the neutral/neutral face was judged as less
§ E ' g9°°cece=*e friendly than the happy/neutral face, but not less friendly than the
o
g i [, neutral/happy f_ace. _
S = a 2888882888 Thus, Experiment 2 supports the RHH, whereas Experiment
e g re ge99°9°°° 1 had provided validity for the VH. Presentation time of stimuli
“E does not seem to be a plausible reason for this difference, because
%0 = N NeRNB2=3 8 the same duration as in Experiment 2 (128 ms) was also used in
g g 28 SZ233335383 Experimept 1, in which presentatior} time was neither a main ef-
g © = — o o oy N S fect, nor interacted in a three-way interaction with emotion and
5 g 888 a0 @ 5383 position of the stimuli. Moreover, hemispheric asymmetries in
g H 'e9S CSgFE I e chimeric faces paradigm had been found also in free viewing,
E without any limitation of presentation time (Levy et al., 1983a,b;
< .
o = N @ "9~ O Y Levine and Levy, 1986; Bourne, 2008).
AE 2988 EZEREEfRY g )
= I © OO (=N —-Neleloi—eleiie]
5 z 22888 SEBRRR8BE 4. Experiment 3
g = =RERS == S3ss33S3a
S = \4
= Experiments 1 and 2 lend support to the VH and the RHH,
g 5 §_ E é °§ § S é S § g g % g_ N 5 respectively. Despite the role of each hemisphere in implicit
Bl = E tesgeee gececececeeese emotion processing as shown by the two tasks cannot be gen-
g E eralized, these contrasting results recapitulate those already found
2 E z N § § § § 8,: § § § § § § § § g § by means of analogous paradigms (unilateral tachistoscopic pre-
S E‘ § 13333333 SococoSSaS o sentations: Prete et al., 2014a,b; bilateral presentations: Prete
glo| = VoV vV VvV et al., 2013). One preliminary conclusion is that each account is
I . . . .
£ IE-:: < SS8cs8s5s5s 28855385858 typically supported depending on whether unilateral or bilateral
RN § 82388888 2238388888 presentations of facial stimuli are used. To better investigate
-S|zl VvV Vv VvvVvy Vv vV whether such hemispheric asymmetries and interhemispheric
it . . . .
0 ZwZ<mamz ZwZ<mamz dominance/suppression mechanisms could be made apparent in
2 i S£5ggzs< i = é Sz these tasks, we decided to test A.P, an anterior callosotomized
g TEEEEZEEE EEEEEEEEZ patient, whose partial disconnection, saving the splenium, would
5 - z ensure interhemispheric communication between visual regions
g 8 E and at the same time would avoid the spatial extinction typically
T |8 g g found in split-brain patients (Hausmann et al.,, 2003; Corballis
&18 E 2 et al., 2005).
% x E ‘z’ In Experiment 3, patient A.P. performed a similar paradigm as
é 5 g E that described in Experiment 1. We hypothesized that a split-brain
&z = = patient with an intact splenium, which is responsible of occipital
~ o E o "g" cortex interconnection (Aboitiz and Montiel, 2003), ensured that
23 g ; E the patient could see stimuli presented in both visual hemifields,
] without the risk of a potential extinction for lateralized stimuli,
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Table 3

Results of Duncan's post-hoc comparisons for the main effect of Condition (the ‘Mean’ column contains the mean friendliness ratings for each condition).

CONDITION Mean HA/HA AN/AN NE/NE HA/AN AN/HA HA/NE NE/HA AN/NE NE/AN
HA/HA 3.03 -

AN/AN 2.83 <0.001 -

NE/NE 2.86 <0.001 0518 -

HA/AN 2.92 <0.001 0.013 0.057 -

AN/HA 2.87 <0.001 0319 0.676 0.119 -

HA/NE 2.95 0.012 <0.001 0.005 0332 0.014 -

NE/HA 2.88 <0.001 0.230 0.523 0.165 0.790 0.024 -

AN/NE 2.79 <0.001 0.239 0.082 <0.001 0.368 <0.001 0.021 -

NE/AN 2.83 <0.001 0.819 0414 0.007 0.244 <0.001 0.169 0.305 -

depending on the hand used to respond (contralateral hemi-
spheric activation). A.P. had been previously tested in a bilateral
visual field paradigm using hybrid faces (Prete et al., 2013): in that
study, A.P’s performance provided support for the right hemi-
sphere hypothesis, as did the control group.

4.1. Material and methods

4.1.1. Participants

A.P. is a 49-year-old man, who underwent the surgical resec-
tion of a large anterior portion of the corpus callosum (CC) to re-
duce the spread of epileptic seizures. The surgery was carried out
in 1993 and it left intact only the splenium (Fig. 4).

A.P’s postoperative 1Q was 87, as measured by means of the
Wechsler Adult Intelligence Scale (WAIS), and his laterality quo-
tient was + 10, according to the Edinburgh Handedness Inventory
(Oldfield, 1971). A.P. had no visual impairments or psychiatric
symptoms, and he was tested at the Epilepsy Center of the Poly-
technic University of Marche (Torrette, Ancona), during a pause
between routine neurological examinations.

4.1.2. Stimuli and procedure

The patient was tested with the same paradigm as that de-
scribed in Experiment 1. In particular, A.P. performed the same
task as the ‘Non-Mask group’, and he was presented stimuli using
only the presentation time of 85 ms (the intermediate time used

Fig. 4. Midsagittal MRI of A.P.’s brain, showing the section of the corpus callosum,
which saves the splenium.

with healthy participants). He responded with the left hand in a
first session and with the right hand in a second session.

4.2. Results

The friendliness scores of A.P. in each session (left hand and
right hand) were compared with the 95% confidence intervals of
healthy participants who responded with the same hand (left and
right, respectively) in Experiment 1. In particular, the comparisons
were carried out between A.P.’s responses and healthy partici-
pants’ responses in the ‘Non-Mask group’ (N=14, for each hand),
to stimuli presented for 85 ms (from the sample of healthy parti-
cipants, both left-handers and outliers were excluded, as in Ex-
periment 1).

Comparisons for the left hand session showed that the mean
friendliness scores of A.P. were above the cut-off of the 95% con-
fidence intervals of the healthy participants when an angry face
was shown in each position, and a neutral face was shown cen-
trally and in the right visual field (Fig. 5).

Importantly, t-tests showed that A.P. did not differentiate be-
tween the three different emotional expressions (happy:
3.22 +0.15, neutral: 3.14 4+ 0.14, angry: 3.19 + 0.14; happy versus
angry: t;5=0.20, p=0.849; happy versus neutral: tsy=0.50,
p=0.635; neutral versus angry: ts=-0.20, p=0.846) in-
dependently of their position, whereas his judgments were
slightly lower for stimuli presented in the left visual field than in
the right visual field, although the difference did not reach sta-
tistical significance (f5y=—2.10, p=0.089; left visual field:
2.97 + 0.16, right visual field: 3.28 + 0.12, center: 3.30 + 0.14), in-
dependently of their emotional content.
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Fig. 5. 95% confidence intervals of the healthy participants (lines) and A.P.’s means
(squares) on the friendliness scale (range: 1-5) for happy, neutral and angry faces,
presented in the left visual field, centrally, and in the right visual field, in the left
hand (left panel) and in the right hand (right panel) session.
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The comparisons of the right hand session showed that A.P.’s
friendliness scores were above the cut-off of the 95% confidence
intervals in all conditions, except for the condition in which a
happy face was shown in the right visual field (Fig. 5).

Also in this session, t-tests showed that the patient did not
differentiate between happy, neutral and angry faces (happy:
3.55 4+ 0.09, neutral: 3.53 + 0.09, angry: 3.61 + 0.10; happy versus
angry: fi5y=—1.00, p=0.363; happy versus neutral: f5)=0.41,
p=0.695; neutral versus angry: t)= —1.46, p=0.203), regardless
of their position, and that his judgments were slightly lower for
stimuli presented in the left visual field (3.47 + 0.09) than in the
right visual field (3.55 + 0.09) and centrally (3.66 + 0.10), regard-
less of their emotional content, again without reaching statistical
significance (left versus right: t5y= —0.88, p=0.41; center versus
left: t5)=1.56, p=0.18; center versus right: t5)=1.08, p=0.33).

Thus, the mean scores of A.P. for stimuli presented in the three
positions, independently from their emotional content and from
the hand used to respond, were computed and compared with the
95% confidence intervals of healthy participants. At all positions,
the mean scores of A.P. were above the cut-off of the 95% con-
fidence intervals of healthy participants (Fig. 6).

Moreover, considering the means of A.P. for responses given
with both hands, the t-tests showed that his friendliness judg-
ments were lower for stimuli presented in the left than in the right
visual field (tq1)=—2.18, p=0.05) and centrally (f11)=—2.02,
p=0.068).

Finally, A.P.’s responses were significantly lower when he used
his left hand than when he used his right hand ()= —4.38,
p=0.007, left hand: 3.185 + 0.11, right hand: 3.565 + 0.10).

4.3. Discussion

The results of A.P. could be view as in line with the valence
hypothesis: although he did not attribute different friendliness
scores to the hybrid faces, he judged as less friendly the stimuli
presented in the left visual hemifield (right hemisphere) than
those presented in the right visual hemifield (left hemisphere).
Similarly, his judgments were lower when he responded using the
left hand (right hemisphere), than the right hand (left hemi-
sphere). All these evidence seem to support the fact that the left-
hemispheric activation (due to both the RVF presentation and the
right hand response) leads to a more positive emotional judg-
ments than the right-hemispheric activation (due to both the LVF
presentation and the left hand response), as proposed by the VH. It
should be noted, however, that A.P’s responses were not
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Fig. 6. 95% confidence intervals of the healthy participants (lines) and A.P.’s means
(squares) on the friendliness scale (range: 1-5) for hybrid faces presented in the left
visual field, centrally and in the right visual field.

influenced by the emotional content of the images.

5. Experiment 4

In Experiment 3, the results of A.P. confirmed those of healthy
participants: stimuli presented in the LVF were judged as less
friendly than those presented in the RVF, supporting the valence
hypothesis. However, results of healthy participants in Experiment
2 provided support for the right hemisphere hypothesis. Thus, in
the present experiment we tested A.P. with the same paradigm
used in Experiment 2. We expected that the results of the callo-
sotomized patient in this paradigm may further clarify the dispute
between the valence and the right hemisphere hypotheses.

5.1. Material and methods

5.1.1. Stimuli and procedure

A.P. performed the same paradigm as described in Experiment
2. He performed the first session using the right hand, and the
second session using the left hand.

5.2. Results

The friendliness scores of A.P. in each session (left hand and
right hand) were compared with the 95% confidence intervals of
healthy participants tested in Experiment 2 (N=51). Comparisons
for each session were carried out considering upright and upside-
down faces, separately.

For the left hand session, A.P.’s friendliness scores for upright
faces were above the 95% confidence intervals of healthy partici-
pants for all chimeric faces, except for the HA/AN face (Fig. 7). The
patient's friendliness judgments were not modulated by the
emotional content of upright hybrid chimeric faces: for example,
his highest judgment was that given to the NE/AN face, and his
evaluation of the AN/AN face was higher than that of the HA/HA
face, showing that his evaluations were not attributed according to
the emotional content of faces.

A.P.’s friendliness scores for upside-down faces, in the left hand
session, were above the 95% confidence intervals of healthy par-
ticipants for the HA/AN, NE/HA and AN/NE faces, and they were
below them for the HA/HA, AN/AN, HA/NE and NE/AN faces
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Fig. 7. Left hand session: 95% confidence intervals of the healthy participants
(lines) and A.P.’s means (squares) on the friendliness scale (range: 1-5) for upright
(left panel) and upside-down (right panel) chimeric hybrid faces.
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Fig. 8. Right hand session: 95% confidence intervals of the healthy participants
(lines) and A.P.’s means (squares) on the friendliness scale (range: 1-5) for upright
(left panel) and upside-down (right panel) chimeric hybrid faces.

(Fig. 7). Also for stimuli presented upside-down, A.P. did not at-
tribute congruent friendliness scores to the hybrid faces, using the
left hand: for example, his rating was higher for the HA/AN face
than for the HA/HA face.

In the right hand session, A.P.’s friendliness scores for upright
faces were above the 95% confidence intervals of healthy partici-
pants for all chimeric faces (Fig. 8).

Importantly, in this session the pattern of results of A.P. was
very similar to that of the healthy participants: his friendliness
ratings were higher for HA/HA and lower for AN/AN faces with
respect to the NE/NE condition. The friendliness judgments were
higher for HA/AN than for AN/HA face, and for HA/NE than for NE/
HA face. Moreover, they were lower for AN/NE than for NE/AN
faces.

Finally, in the right hand session, A.P.’s friendliness scores for
upside-down faces were below the 95% confidence intervals of
healthy participants in all conditions, except in the AN/HA condi-
tion, in which they were above them (Fig. 8). The friendliness
ratings of A.P. seem to be randomly distributed in this session: his
judgments were higher for both the AN/HA and the HA/AN face
than for the HA/HA face.

T-tests showed a trend in favor of higher friendliness scores
when A.P. used the left than the right hand (3)=2.61, p=0.079;
left hand: 3.29 + 0.04; right hand: 3.09 + 0.08). For the left hand
session, his judgments were higher for upright than for upside-
down faces (t3=4.00, p=0.028; upright: 3.638 + 0.12; upside-
down: 2.94 + 0.14), and the same is true for the right hand session
(t3=6.45, p=0.007; upright: 3.625+0.16; upside-down:
2.569 + 0.12). However, the t-test comparing the scores given to
upright faces using the left or the right hand was not significant
(t3y=0.24, p=0.824), but it was significant for upside-down faces
(f(3)=4.08, p:0026)

5.3. Discussion

Results of Experiment 4 indicated that A.P. was not able in
discriminating among upside-down hybrid faces, in both left and
right hand sessions. This can be interpreted as due to the im-
possibility of processing faces as a configuration because of the
upside-down presentation of faces. Moreover, A.P’s judgments
were better when he used the left hand (right hemisphere) than
the right hand but only for the upside-down stimuli, possibly

indicating a higher right-hemispheric ability in face processing or
a more positive right-hemispheric appreciation for emotional face
in general. Importantly, A.P. seemed to attribute appropriate eva-
luations to the upright hybrid faces, only when he was required to
respond with the right (dominant) hand. In this condition, the sole
in which his friendliness ratings were congruent with the emo-
tional content of stimuli and with the responses of healthy parti-
cipants, A.P.’s results added support for the right hemisphere hy-
pothesis, as healthy participants’ results. Specifically, the friendli-
ness judgments of chimeric faces were mainly modulated by the
emotional content of the left hemifaces (right hemisphere),
showing a dominant role of the right hemisphere in detecting both
positive and negative emotional content of stimuli. Similar results,
supporting the RHH, were described in the processing of unfiltered
emotional chimeric faces in a previous study with A.P. (Prete et al.,
2014a,b).

6. General discussion

Regarding the unconscious effects of the emotional hybrid fa-
ces, the present study confirms first of all that social judgments
about faces can be systematically influenced by low spatial fre-
quency information of the visual stimuli, despite these being
blended with the high spatial frequencies of neutral faces, result-
ing in “hybrid faces”. Secondly, also in these hybrid emotional fa-
ces, the central role of a global analysis based on low spatial fre-
quency was shown by the disruption of the typical social judg-
ments when these faces were shown in inverted orientation.
Thirdly, we found that the social judgments occurred very rapidly,
with a presentation time of just 28 ms, and that this was not im-
putable to image persistence because the results were not influ-
enced by the presence of a mask following the stimulus.

Regarding laterality effects, the present study confirmed the
occurrence of effects predicted by both the right hemisphere hy-
pothesis and the valence hypothesis. Specifically, the unilateral
presentation of hybrid faces showed that the friendliness judg-
ments of stimuli depended on presentation side, with more posi-
tive evaluation of stimuli presented in the right visual hemifield
(left hemisphere) than in the left visual hemifield (right hemi-
sphere). On the other hand, the presentation of chimeric hybrid
faces led to better appreciate the emotional content of the left
hemiface, regardless of its emotional valence. This pattern of re-
sults seems to be robust and holds true both with healthy parti-
cipants and the callosotomized patient A.P.,, confirming previous
results (e.g. Prete et al., 2014a,b, 2013).

Experiment 1 revealed one of the most surprising results of the
study, namely the rapidity of the detection of the low spatial fre-
quency: while Bar et al. (2006) found that 26 ms were not suffi-
cient to address an evaluation of the threatening level of neutral
faces, the present study showed that 28 ms were enough to at-
tribute a friendliness scores to hybrid faces. A difference between
these two studies is the position of stimuli presentation on the
screen: Bar et al. presented all stimuli centrally, whereas in the
present study stimuli were presented laterally as well as centrally.
However, the interaction found in the present study between
emotion content and position of stimuli showed that the friend-
liness scores for different hybrid expressions remained significant
even in the case of central presentation, excluding the possibility
to justify the difference in this way. Importantly, in the present
study, the hybrid stimuli contained an emotional core hidden in
low spatial frequency, whereas Bar et al. presented all stimuli as
neutral faces. Thus, the difference between the results of these two
studies could depend upon this aspect: emotional low frequencies
could be subliminally processed through a rapid subcortical route,
receiving the magnocellular input (Schiller and Malpeli, 1977;
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Tamietto and de Gelder, 2010), including amygdala, pulvinar and
superior colliculus (Morris et al., 1999), and engaging orbito-
frontal and cingulate cortices (Pessoa and Adolphs, 2010; Tamietto
and De Gelder, 2010) possibly responsible for the hemispheric
asymmetry, whereas non-emotional information probably exploit
the relatively slow, cortical route receiving the parvocellular input
(Livingstone and Hubel, 1988).

Gainotti (2012) recently reviewed a number of studies showing
the role of this subcortical pathway in subliminal emotion pro-
cessing. In particular, the author highlighted the right-hemispheric
lateralization in unconscious (masked) emotional processing, op-
posite to the left-hemispheric specialization in conscious (cogni-
tive) processing of emotional stimuli (see Spence et al., 1996).

In contrast to the right-hemispheric dominance in unconscious
emotional processing proposed by , the present results (Experi-
ments 1 and 3) supported the VH. In particular, Experiment
1 confirmed the results of : hybrid faces influenced the friendli-
ness evaluation of observers, with higher scores attributed to
happy than neutral faces and lower scores attributed to angry than
neutral faces, and - importantly - stimuli presented in the left
visual field were evaluated as less friendly than those presented in
the right visual field, as it would be predicted by the VH. We
highlight that the interactive effects indicated that happy faces
were judged as more friendly when presented in the right than in
the left visual field, and angry faces were judged as less friendly
when presented in the left than in the right visual field. This
pattern could be viewed in support of the VH, according to which
the left hemisphere better encodes positive emotions, and the
right hemisphere better encodes negative emotions. This associa-
tion is reinforced by the evidence that for neutral faces there was
no hemifield asymmetry, confirming that results found for happy
and angry faces were not dependent upon aspects other than the
emotional content of the stimuli. Finally, in the comparison be-
tween female and male faces, the results of Experiment 1 con-
firmed the association between female faces and positive emo-
tions, on one hand, and that between male faces and negative
emotions, on the other hand, as already found by Prete et al.
(20144a,b). In fact, the three-way interaction showed that the
support for the VH was stronger with female faces in happy pose,
and with male faces in angry and neutral poses.

Support for the VH derived also from A.P.’s results in Experi-
ment 3: the patient did not attribute different judgments to hybrid
faces, but his scores were compatible with the pattern supporting
the VH, for two reasons: they were higher when stimuli were
presented in the right than in the left visual field, and they were
higher when he used the right hand (left hemisphere) than the left
hand. The fact that A.P. did not distinguish among hybrid faces
could be due to the rapid presentation of such stimuli. In fact, in a
previous study making use of the bilateral presentation of two
identical or different hybrid faces, he was able to process these
stimuli (Prete et al., 2013), attributing higher and lower friendli-
ness scores to happy and angry hybrid faces, respectively. In that
study, however, two faces could be presented simultaneously, in-
creasing the difficulty of the task demand, but stimuli were pre-
sented for a longer time (250 ms). In the present study the short
duration of stimuli could have hindered emotional processing.

Despite the mentioned evidence in support of the VH, Experi-
ments 2 and 4 provided support for the RHH, confirming the re-
sults of Prete et al. (2013): hybrid faces were better discriminated
by the right hemisphere (left hemifaces), disregarding their emo-
tional content. In fact, friendliness scores were congruent with the
left hemiface disregarding of their emotional positive or negative
content, as shown by the higher friendliness scores attributed to
the happy/neutral and the happy/angry faces, compared to the
respective mirror reversed chimeras. Also in this case, the results
of A.P. in Experiment 4 for upright faces were congruent with

those of the healthy participants, in the case of the right hand
responses. As regard the left hand session, A.P.’s results seemed to
disclose his inability in the evaluation of hybrid faces. This effect
could be dependent upon his difficulty in responding with the left
non-dominant hand. Another possibility is the “diagonistic dys-
praxia” (Akelaitis, 1945) often observed in anterior callosotomy
patients, according to which a kind of competition between the
dominant and the non-dominant hand could interfere with the
correct execution of unimanual actions (Berlucchi, 2012). Other-
wise, this pattern indirectly provided further support for the va-
lidity of the RHH: in fact when A.P. used the right (dominant)
hand, the left hemisphere should have been more activated, and
this should have led to shift the attention on the contralateral
(right) hemifield. Nevertheless, his judgments were congruent
with the left-sided hemifaces, showing a right-hemispheric dom-
inance in this task. Moreover, in Experiments 2 and 4, the stimuli
presented upside-down received friendliness scores that seemed
randomly assigned by both healthy participants and A.P. This re-
sult was not surprising, but it confirmed the literature showing
that the processing of the low spatial frequency exploits a con-
figural analysis of the faces, which is disrupted by face inversion
(Maurer et al., 2002).

Thus, the chimeric faces paradigm, in contrast to the divided
visual field paradigm, provides evidence for a right-hemispheric
superiority in emotion detection. A possible explanation for the
difference pattern of results obtained by means of the two para-
digms could be ascribed to the eccentricity of the stimuli. In the
chimeric faces paradigm, the lateralized presentation consists of
two hemifaces presented besides the center of the visual field
(parafoveal presentation), whereas in the divided visual field
paradigm, a face was presented at 2.4° of visual angle laterally
from the center of the visual field (extrafoveal presentation). The
tachistoscopic presentation of stimuli used in both paradigms
should have avoided possible eye movements, thus the best can-
didate explanation for the obtained effects could indeed be the
different position of faces in the types of presentation. However,
previous studies using hybrid faces showed that the results ob-
tained in the chimeric faces paradigm perfectly overlap with those
obtained by means of bilateral presentation of two extrafoveal
hybrid faces (Prete et al., 2013).

A more acceptable explanation for the results could be asso-
ciated with the number of (hemi)faces seen at a time. Specifically,
in both chimeric faces and bilateral presentation paradigms, two
faces (or hemifaces) were simultaneously presented, increasing
the perceptual/cognitive load of each trial. In fact, in all the para-
digms discussed, participants were required to give a single
friendliness judgment, both in the case of chimeras (see Experi-
ments 2 and 4) and in the case of bilateral presentation of two
separate and lateralized faces (as in Prete et al., 2013). Excluding
other possible effects, as the presentation time, the eccentricity of
faces and the task demands - which remained similar in all these
studies - the sole difference between paradigms in which results
supported the VH and those in which they supported the RHH was
the number of faces shown in a trial. Thus, we hypothesized that
when a stimulus is presented in isolation (one face), each hemi-
sphere shows its superiority in a valence-specific manner, sup-
porting the VH; when two faces have to be processed simulta-
neously, the left-hemispheric superiority in positive emotions
disappears and the right hemisphere seems ‘dominant’ in pro-
cessing all emotions. In this view a central role could be played by
the possible decisional processes occurring in the case of pre-
sentations involving different emotions. In fact, the valence-spe-
cificity could be considered as the ‘default’ hemispheric emotional
asymmetry, whereas the right-hemsipheric dominance could be
observed in all the cases in which decision-making is invoked due
to the presentation of multiple (and different) visual emotional
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stimuli. In this perspective, the contrasting results present in the
literature concerning the two main theories of cerebral asymmetry
in emotion processing, could be reconsidered in the light of the
paradigm adopted from time to time.

It is worth briefly recalling that cerebral asymmetries have
been proposed by a number of hypotheses in the study of atten-
tion, independently from emotional content of stimuli. Of note, the
hypothesis of a right-hemispheric attentional bias was proposed in
studies in which hemispheric biases were systematically con-
sidered in different tasks and it was named ‘characteristic per-
ceptual asymmetry’ (Kim et al., 1990), intended as a kind of index
of hemispheric arousal. Concerning face processing, it has been
shown that a right-hemispheric superiority exists for both ta-
chistoscopic lateralized faces, and for chimeric faces in free vision
presentation (thus, for both unilateral and bilateral presentations,
Kim et al., 1990; Levy et al., 1983a,b), suggesting that it was not due
to a sort of sensory pathway dominance, but possibly to a later-
alized attentional activation. Moreover, this asymmetry has proven
to be stimulus-dependent (for example, a left-hemispheric bias
was shown for linguistic stimuli; Levine et al., 1984), and it re-
mains uncertain whether it could be considered as related or in-
dependent from gender and handedness of observers (see Eviatar
et al., 1997 and Kim et al., 1990 for contrasting results; see also
Marzoli et al., 2014 for a recent review on perceptual asymmetries
and handedness).

Thus, even if the literature about hemispheric specialization in
emotion analysis had alternatively supported either the VH or the
RHH in a mutually exclusive fashion, the present study could be
interpreted as evidence for the ‘modified valence hypothesis’,
namely the coexistence of the two hypotheses. It could also be
proposed that the subliminal emotion content of lateralized sti-
muli reaches the contralateral hemisphere, in which a valence-
specific response takes place. Any model of the possible sub-
cortical and cortical routes for stimuli processing should assume
that after a very rapid contralateral analysis, callosal fibers transfer
the information from one hemisphere to the other. However, the
rather unique opportunity to test a callosotomized patient, al-
lowed us to conclude that callosal connections are very little in-
volved in this asymmetric activity: A.P’s performance is very
comparable to that of healthy participants, even if he lacks the
corpus callosum, with the exception of the posterior portion
(splenium). Thus, based upon the knowledge that the splenium
ensures the cortical striate and extrastriate exchange of visual
information about lateralized stimuli, we might hypothesize that
the anterior connections between hemispheres are not included in
this exchange. So, it is possible that all the main dynamics happen
subcortically, where the hemispheric asymmetries should be bet-
ter-established. In this regards, it is important to pay attention to
studies in which the subcortical asymmetry in (subliminal) emo-
tion processing have been investigated. The amygdala could play a
crucial role in this model, and a number of studies have focused on
its asymmetric activation during subliminal emotion detection:
even in the case of amygdala activation, however, different pat-
terns of asymmetries are alternatively supported by contrasting
results (Baas et al., 2004; Ohman, 2002), suggesting another evi-
dence in favor of coexistence of the VH and the RHH.

To conclude, we propose to consider the two main hypotheses
on hemispheric asymmetry in emotion processing as com-
plementary, rather than competing, at least in the case of implicit
emotion processing. Our results suggest that the two models could
be supported in alternative ways depending on the specific para-
digm used. In particular, we propose that the specific hemispheric
superiority in positive/negative emotion analysis could disappear
in the case in which two subliminally emotional (hemi)faces have
to be processed simultaneously. In other words, the present results
seem to justify the hypothesis according to which when more than

one subliminal emotional ‘unit’ have to be processed at the same
time, the relative dominance of the right hemisphere appears
clearer, thus suggesting the coexistence of both types of cerebral
organization for subliminal emotion processing.
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