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Abstract

Objective: To resolve inconsistencies in the literature regarding the
dominance of the right cerebral hemisphere (RH) in emotional face
perception, specifically investigating the role of the intensity of emotional
expressions, different emotions, and conscious perception.

Method: The study used an online version of the well-established
Emotional Chimeric Face Task (ECFT) in which participants judged which
side of a chimeric face stimulus was more emotional. We tested the laterality
bias in the ECFT across six basic emotions and experimentally modified the
intensity of the emotional facial expression from neutral to fully emotional
expressions, in incremental steps of 20%.

Results: The results showed an overall left hemiface bias across all
emotions, supporting the RH hypothesis of emotional lateralization.
However, the left hemiface bias decreased with decreasing intensity of the
emotional facial expression.

Conclusions: The results provide further support for the RH
hypothesis and suggest that the RH dominance in emotional face perception

may be affected by task difficulty and visual perception strategy.

Keywords: functional cerebral asymmetries; face recognition; visual perception
strategies; facial expression; task difficulty



Key Points

Question: The present study aimed to investigate to what extent emotion
perception lateralization depends on the emotion presented and the intensity of the
emotional facial expression.

Findings: Participants identified ECFT stimuli as being more emotional when the
emotion was displayed on the left side of the face, corresponding to the well-established
right-hemisphere bias when processing emotional faces. However, this bias was
diminished until eliminated as the task became more difficult and the emotional facial
expressions became less salient.

Importance: We significantly expanded the investigation of the relationship
between functional cerebral asymmetries and cognitive ability within emotional face
perception, and also helped elucidate the ongoing debate on hemispheric lateralization of
emotional face perception.

Next steps: Further research is required to determine what underlies the
relationship between hemispheric laterality bias and task difficulty found in our

experiment.



Introduction

It is well established that the left and right cerebral hemispheres differ in the processing
of emotions and, more specifically, in emotion perception (Borod, Bloom, Brickman,
Nakhutina & Curko, 2002). However, the literature on the relative contribution of the
left and right cerebral hemispheres in emotional processing in general, and in processing
of emotional face expressions specifically, is inconsistent, and the underlying
mechanisms are not fully understood. Two partially conflicting models of emotion
lateralization are most frequently discussed and referenced, although modifications to
these models have also been proposed. The right hemisphere hypothesis (RHH, Borod
et al., 1998; Christman & Hackworth, 1993; Ley & Bryden, 1979) argues that all basic
emotions are dominantly processed by the right hemisphere. The valence specific
hypothesis (VSH, Ahern & Schwartz, 1985; Dimond & Farrington, 1977; Jansari,
Rodway & Goncalves, 2011) suggests that negative emotions are dominantly lateralized
to the right hemisphere and positive emotions are dominantly lateralized to the left
hemisphere. Some research has suggested that emotion lateralization is not primarily
based on emotional valence of stimuli but instead on the approach-withdrawal
dimension, where approach motivation is preferentially processed by the left
hemisphere and withdraw motivation is preferentially processed by the right hemisphere
(Anderson, Spencer, Fulbright & Phelps, 2000; Davidson, Ekman, Saron, Senulis &
Friesen, 1990; Harmon-Jones, 2004). The key empirical difference between these two
versions of the dimensional hypothesis is with anger, which is negative in valence but
an approach-motivated emotion. Other researchers have supported modified versions of
the valence-hypothesis, with both Adolphs, Jansari and Tranel (2001) and Abbott,
Cumming, Fidler and Lindell (2013) proposing that the right hemisphere processes

negative emotions, as the VSH suggests, but that positive emotions are processed



bilaterally, whereas Najt, Bayer and Hausmann (2013) found support for a negative
(only) valence model, where only negative emotions showed a hemispheric bias
towards the right hemisphere. Alternatively, rather than valence, emotional perception
asymmetries have been proposed to involve behavioral approach/inhibition system
strength (Sutton & Davidson, 1997), emotion complexity (Ross, Homan & Buck, 1994;
Shamay-Tsoory, Lavidor & Aharon-Peretz, 2008) and emotional dominance (Demaree,
Everhart, Youngstrom & Harrison, 2005). Finally, there have also been proposals that
the RHH and VSH are not mutually exclusive and are in fact both correct (Killgore &
Yurgelun-Todd, 2007; Wyczesany, Capotosto, Zappasodi & Prete, 2018), with each
model accounting for different methods for examining emotion perception such as with
the VSH explaining tachistoscopic presentations of emotional faces and the RHH
accounting for results with longer duration presentations of facial stimuli (Prete, Laeng,
Fabri, Foschi & Tommasi, 2015).

Work with patients with brain damage also provided mixed evidence supporting
both models. Some patient studies showed that patients with unilateral right hemisphere
damage exhibited poorer performance in discriminating emotional faces and
recognizing emotions than those with unilateral left hemisphere damage (Adolphs,
Damasio, Tranel & Damasio, 1996; Borod, 1992; Cicone, Wapner & Gardner, 1980;
DeKosky, Heilman, Bowers & Valenstein, 1980; Gazzaniga & Smylie, 1983),
supporting the RHH. However, later work suggested that this was only true for negative
emotions (Adolphs, Jansari & Tranel, 2001; Mandal, Tandon & Asthana, 1991) and
others noted the pathological laughing associated with right-sided damage and
pathological crying associated with left-sided brain lesions (Sackeim, Greenberg,
Weiman, Gur, Hungerbuhler & Geschwind, 1982), lending support to the VSH from

other domains as well.



Further mixed evidence is provided by measures of neural activity. Wyczesany
et al. (2018) recorded brain activation using EEG while showing participants happy and
angry emotional faces and found a strong pattern of connectivity lateralized to the right
hemisphere for both emotions. Ahern and Schwartz (1985) found greater left
hemisphere EEG activation for positive emotion-eliciting questions and greater right
hemisphere activation for negative emotion-eliciting questions and similar EEG results
were found by Davidson et al. (1990). The Fox (1991) review of EEG studies concluded
that the studies supported the approach-withdrawal model. Fusar-Poli et al. (2009)
conducted a review of fMRI studies investigating the laterality of emotion perception
and generally found a bilateral network of activation with limited support for the
valence hypothesis, where negative emotions showed a processing bias to the left
amygdala.

A popular behavioral paradigm used to investigate emotion lateralization in
emotional face perception has been the visual half-field paradigm (VHF, Safer, 1981),
which utilizes the fact that visual information presented to each visual half-field is
finally projected to the primary visual cortex of the contralateral cerebral hemisphere.
Ley and Bryden (1979) showed cartoon drawings displaying positive and negative
expressions and found significant left visual-field (LVVF) advantages for the emotional
expression recognition. Suberi and McKeever (1977) found faster discrimination of
emotional faces presented to the LVVF compared to the RVF. Alves, Aznar-Casanova
and Fukusima (2009) replicated these results with a larger number of emotional
expressions. However, Reuter-Lorenz and Davidson (1981) found that happy
expressions were responded to more quickly when presented to the right visual-field
(RVF) compared to the LVF and the opposite was true for sad expressions, and Prete,

Laeng and Tommasi (2014) found that expressions were rated as less friendly when



shown to the LVF/RH compared to the RVF/LH. Najt, Bayer and Hausmann (2013)
found a significant LVF advantage, but only for angry, fearful and sad faces. Overall,
clinical and experimental work has supported both models of emotion lateralization,
although the results have been inconsistent across stimulus type and modality.

The emotional chimeric face task (ECFT, Sackeim & Gur, 1978) is a well-
established visual paradigm that has revealed few contradictory results for emotion
perception lateralization (Hausmann et al., 2019). The typical ECFT uses faces which
are split down the middle vertically, with one side displaying an emotion and the other
side being neutral. During the task, participants are presented with two mirror-versions
of such a chimeric face, one above the other. The participants are asked to decide which
of the chimeric faces appears more emotional. Similar to VHF tasks (Alves, Aznar-
Casanova & Fukusima, 2009; Prete, Laeng & Tommasi, 2014), ECFT relies on the fact
that the left and right hemispheres have visual attentional biases toward their
contralateral hemispaces. Most ECFT studies have found that participants more
frequently choose the face where the emotion is displayed in the left hemifield,
corresponding to the right hemisphere, even though the two chimeric faces shown are
identical, apart from being mirrored (Hausmann, Innes, Birch & Kentridge, 2021; Innes,
Burt, Birch & Hausmann, 2016; Levy, Heller, Banich & Burton, 1983; Moreno, Borod,
Welkowitz & Alpert, 1990). The preference bias measured in ECFT studies typically
supports the RHH (Bourne, 2005, 2008, 2010, 2011; Christman & Hackworth, 1993;
David, 1989; Levine & Levy, 1986; Rueckert, 2005; Watling & Bourne, 2013).

The ECFT paradigm has undergone several improvements in recent years. Early
ECFT studies utilized chimeric stimuli, where the midline separating the two halves of
the face was clearly visible (Christman & Hackworth, 1993; David, 1989; Levine &

Levy, 1986; Levy, Heller, Banich & Burton, 1983; Moreno, Borod, Welkowitz &



Alpert, 1990). Burt and Perrett (1997) argued that this may force participants to adopt a
non-standard visual processing of the stimuli compared to a normal face. Consequently,
more recent ECFT studies have used chimeric stimuli with a blended midline (e.g.,
Hausmann et al., 2019; Innes et al., 2016). Also, earlier ECFT studies used only a small
subsection of emotions in their experiments (e.g., Bourne, 2005; Christman &
Hackworth, 1993; David, 1989; Levy et al., 1983; Rueckert, 2005), rather than using all
six basic emotions (anger, disgust, fear, happiness, sadness, and surprise) identified by
Ekman and Friesen (1975). This issue may partly explain why previous studies could
not contribute much to solving the conflict between the RHH and VSH models.

In two ECFT studies, Carbary, Almerigi & Harris (2001, 2002) investigated how
emotion lateralization in this task was affected by task difficulty. The authors
hypothesised that the right hemisphere bias increases as the difference between the two
sides of the chimeric face decreases and thus the task became more difficult. Based on
the known bias for the left visual half-field for observing faces (Kolb, Milner & Taylor,
1982) and past research showing that identification of difficult-to-read letters led to an
LVF bias (Wagner & Harris, 1994), the authors hypothesised that the right hemisphere
bias would increase as the task became more difficult with the difference between the
two sides of the chimeric faces decreasing. Carbary et al. (2001) recorded subjective
ratings of task difficulty by asking participants how difficult they found the choice of
which of two chimeric faces was happier. Contrary to their hypothesis, the authors
found that the right hemisphere bias decreased as perceived task difficulty increased. In
a follow up study, Carbary et al. (2002) manipulated task difficulty directly by changing
the intensity of emotion visible in their face stimuli consisting of both photographic
chimeric faces with a visible midline and relatively simple cartoon drawings. The

authors used three levels of stimuli: on easy trials, emotional facial expressions were



strong and evident (e.g., a beaming smile), the emotional facial expression was less
clear on medium trials, and on difficult trials, the emotion was difficult to discern (e.g.,
a barely perceptible smile). In line with their first study, Carbary et al. (2002) revealed
that the right hemisphere bias decreased with increased task difficulty, opposite to the
proposed hypothesis.

The negative relationship between task difficulty (i.e., operationalized by the
emotional intensity of the stimuli) and laterality can potentially explain some of the
inconsistent findings in emotion lateralization studies and may also contribute to our
understanding of the link between laterality degree and cognitive performance in
general. The traditional view was that functional cerebral asymmetries can enhance
cognitive performance (Corballis, 1991, 2009) — a view that received some empirical
support. For example, Everts et al. (2009) found that greater language lateralization was
related to increased language ability (see also O’Regan & Serrien, 2018; Qi, Schaadt &
Friederici, 2019; Springer et al., 1999). However, other studies have shown that reduced
lateralization was beneficial for cognitive processes, such as parallel processing
(Hirnstein, Hausmann & Guntirkiin, 2008), language processing (Hirnstein, Hugdahl &
Hausmann, 2014), and face perception (Hirnstein, Leask, Rose & Hausmann, 2010).
While the relationship between functional cerebral asymmetries and cognitive
performance has been investigated in various domains (e.g., visual lexical decisions,
spatial cognition: Boles, Barth & Merrill, 2008; auditory processing: Brechmann &
Angenstein, 2019; language functions: Hirnstein et al., 2014), very little research has
studied how emotion lateralization may be related to task difficulty.

In the current study, we adapted the ECFT used in two previous studies
(Hausmann et al., 2019; Innes et al., 2016) and developed a novel set of chimeric faces

which varied in six different intensities of the emotional facial expression in
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incremental steps of 20%, ranging from 0% to 100%, instead of only three gradations
(easy, medium, difficult) used by Carbary et al. (2002). To identify the thresholds for
participants’ ability to perceive the emotional facial expressions, a control task was
administered, which required participants to indicate which hemiface of the chimeric
stimulus contained the emotion.

Our study expands on previous research, particularly by Carbary et al. (2002), in
multiple ways. In contrast to Carbary et al. (2002), we used (1) highly ecologically valid
stimuli of real human faces, rather than cartoon renditions, (2) significantly more trials
per participant, and crucially (3) more steps in the emotional intensity gradation, which
is a prerequisite for being able to determine if there is truly a linear relationship between
task difficulty and the laterality bias. (4) The inclusion of the control task ensured that
the emotions were being perceived in the stimuli, ensuring that the chimeric face task
really assessed emotion perception. (5) The current study also used the full set of six
basic emotions (i.e., anger, disgust, fear, happiness, sadness, surprise), whereas Carbary
et al. (2002) only used two (i.e., positive and negative). Finally, (6) this was one of the
first online studies on emotion lateralization, suggesting that useful neuropsychological
data can be collected through online tasks with rigorous experimental procedures.

We hypothesised an overall LVF/RH bias for easily recognized chimeric faces
(emotional intensity of 100%) across all six basic emotions, regardless of emotional
valence, which is in line with the overall RH bias reported previously (Bourne, 2010;
Hausmann et al., 2019; Sackeim & Gur, 1978; for a review see Gainotti, 2019). In line
with Carbary et al. (2001, 2002), we also predicted that the ECFT bias decreases as the
emotional facial expressions become less emotionally distinct. Finally, it was predicted
that the well-established RH bias in ECFT disappears, if participants do not perceive,

and are unaware of the facial expression.
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Materials and methods

Participants

We collected data from 100 participants through opportunity sampling and from
the university participant pool. Participants received credits for completion of the study.
Participants’ age had to be over 18 years and they had to report normal or corrected-to-
normal vision. During preprocessing of the data, four participants had to be excluded
from the statistical analysis: one participant only responded to 41% of the ECFT trials,
two participants had technical issues with the recording of their instruction times, and
one participant misunderstood the instructions for the second task. This left 96
participants (77 females, 18 males, 1 other) for the final analysis with a mean age of
25.95 £ 9.92 years, ranging from 18 to 69 years. 77 participants reported their ethnicity
as “White”, 11 as “Asian/Asian British”, 5 as “Mixed/Multiple Ethnic Groups™ and 3 as
“Other Ethnic Group”. Sample size was estimated using a priori power analysis
(G*Power, Faul, Erdfelder, Lang & Buchner, 2007) based on two previous ECFT
studies (Hausmann et al., 2019; Innes et al., 2016). The power analysis recommended a
sample size of 42 participants to achieve an effect size Cohen’s d of 0.25 with an alpha
value of 0.05. Due to the COVID-19 pandemic, the experiment was moved online, and
sample size was doubled to account for potential noise due to the online data collection.
This study received ethical clearance by the local ethics committee at Durham
University.

Hand preference was measured using the Edinburgh Handedness Inventory
(Oldfield, 1971). A Laterality Index (LI) was calculated for each participant, expressed
as ([Right — Left]/[Right + Left]) * 100. The LlIs thus potentially ranged from -100
(strongly left-handed) to 100 (strongly right-handed). The mean handedness LI for all

participants was 72.60 (SD = 61.885, range: -100 — 100).



12

Apparatus

Two experiments were designed using the Gorilla Experiment Builder

(www.gorilla.sc, Anwyl-Irvine, Massonnié, Flitton, Kirkham & Evershed, 2018). Data

were collected between June and July 2020. All participants completed the tasks on a
personal computer (no smartphones or tablets) with monitor sizes ranging from

834x1048 to 1920x961 pixels, as reported by Gorilla.

Emotional face stimuli

The emotional chimeric face stimuli were produced from stimuli taken from the
Ekman and Friesen (1976) Pictures of Facial Affect series. The stimuli were created by
warping the individual expressions of 8 posers (4 females and 4 males) to the average
face image which was then made symmetrical for each basic emotion and neutral (for
more precise details, see Tiddeman, Burt & Perrett, 2001; Hausmann et al., 2019). This
produced a series of emotional chimeric face stimuli displaying anger, disgust, fear,
happiness, sadness and surprise. The degrees of emotionality present in the faces were
then varied systematically to produce 20%, 40%, 60%, 80% and 100% emotional
intensity versions, ranging between a neutral face and the full emotion by morphing
with the neutral face. The left hemiface of one stimulus was then combined with the
right hemiface of another to create the chimeric faces. The vertical midline was blended
to more resemble a typical face (for full details on chimeric stimuli production see Burt
& Perrett, 1997). Thirty-one chimeric face stimuli were thus created, including five
degrees of emotionality for each of the six basic emotion and one neutral stimulus (for
an example of the varying degrees of emotionality see Figure 1). A recent study by

Parker, Woodhead, Thompson and Bishop (in press), using stimuli identical to the
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100%-degree stimuli used in our study, investigated the test-retest reliability of the

stimuli and showed evidence of strong test-retest reliability (r = .88).

Ang Dis Fea Hap Sad Sur

0%

20%

40%

60%

80%

100%

Figure 1. The emotional chimeric face stimuli showing the emotionality manipulation
for each emotion (anger, disgust, fear, happiness, sadness, surprise). The degree of
emotion increases by 20% from top to bottom, with 0% (a neutral face) at the top and

100% (a very emotional face) on the bottom. Emotions are in the right half of each face.
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Emotional chimeric face task (Experiment 1)

Similar to previous ECFT studies (Hausmann et al., 2019; Innes et al., 2016),
participants saw two mirror-reversed faces, one above the other. One chimeric face had
the emotional facial expression on the left side of the face and the other chimeric face
had the emotional facial expression on the right side. The faces remained on the screen
for 4000 ms and participants were instructed to make judgements by pressing either the
‘J” or ‘K’ keys on their keyboards, with one key indicating that the top chimeric face
appeared more emotional and the other key indicating the chimeric stimulus at the
bottom appeared more emotional. The assignment of response keys was
counterbalanced. The stimuli disappeared immediately after participant responded,
followed by a fixation cross for 2000 ms which indicated the start of the next trial (see
Figure 2). If participants did not respond within 4000 ms, the trial was repeated at the
end of the trial block. If participants did not respond to the repeated trial, the trial was
recorded as no-response.

In Experiment 1, 124 face pairs were presented in 124 trials across four test
blocks. Each block contained one pair of each intensity degree (20%, 40%, 60%, 80%,
100%) for every emotion (anger, disgust, fear, happiness, sadness, surprise), as well as a
neutral trial (0% intensity), where both faces presented did not display any emotions.
The order of the blocks and the order of trials within a block were both randomized. The

trials were counterbalanced overall for hemiface arrangement.
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2000ms K

4000ms \

Figure 2. A schematic figure of an example trial of the Emotional Chimeric Face Task.
Instructions were presented along with the faces (e.g., “Press ‘J’ for the top face or ‘K’

for the bottom face”).

In line with (Hausmann et al., 2019, Innes et al., 2016), Laterality Quotients
(LQs) were calculated from left and right responses as follows:
Left — Right
Left + Right
LQs ranged from -1 to 1, where negative values indicated a stronger right

hemiface bias and positive values a stronger left hemiface bias. In addition to previous

studies, we also calculated response times starting with stimulus onset.
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Emotional hemiface detection task (Experiment 2)

To test participants’ individual ‘detection threshold’ for each emotional stimulus
and intensity, the emotional hemifield detection task was performed directly after
participants completed the ECFT. This was done to determine if the emotional faces
were being consciously processed by the participants. In the emotional hemifield
detection task, after being instructed on the task, participants were presented with a
fixation cross for 1000 ms before a single chimeric face was flashed in the middle of the
screen for 100 ms. This was followed by a response screen, where the participants had
4000 ms to decide which side of the face had the emotional component by pressing
either the ‘J” or ‘K’ keys (see Figure 3). The assignment of the response keys was
counterbalanced.

A total of 244 chimeric face stimuli trials were presented during the task in four
blocks. Each block contained each of the degrees of emotionality (20%, 40%, 60%,
80%, 100%) for every basic emotion (anger, disgust, fear, happiness, sadness, surprise)
with emotions being on the left and right sides of the face, along with a neutral face trial
(emotionality of 0%). The order of the blocks and the order of the trials within a block

were randomized.
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1000ms .

.
100ms A_ Which side
displayed the
emotion?
4000ms W,

Figure 3. A schematic figure of an example trial of the emotional hemifield detection
task. Additional instructions were presented on the final screen (e.g., “Press ‘J” if it was

the left side or ‘K’ if it was the right side.”)

Procedure

At the start of the experimental session, participants read the participant
information sheet and the privacy notice and completed a consent form. This was
followed by the Edinburgh Handedness Inventory (Oldfield, 1971) and a questionnaire
for basic demographic information about age, gender and ethnicity. After reading the
instructions, participants performed the ECFT task (Experiment 1). Participants
performed four blocks of 31 trials that matched all stimulus combinations as described
earlier. The program paused after each block, allowing participants to resume the task at
their own pace. After all four blocks were completed, participants were again allowed to
pause before proceeding to the instructions for emotional hemifield detection task

(Experiment 2). Participants were again able to pause after completing each block. Once
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all emotional hemiface detection trials were completed, participants were taken to a
debriefing page. Finally, participants were given their anonymized ID number, which

they could use to withdraw their data from the experiment, if wanted.

Transparency and openness
We report how we determined our sample size, all data exclusions, and all
measures in the study, and we follow JARS (Kazak, 2018). All data are available at

https://osf.io/yvfg4/. This study was not pre-registered.

Results

If the sphericity assumption was violated in the repeated-measures ANOVA, the
degrees of freedom were epsilon-corrected by the Greenhouse-Geisser method.

Bonferroni correction was used for post-hoc tests and pairwise comparisons.

Emotional chimeric face task (Experiment 1)

Laterality quotients

The LQs for the ECFT were subjected to a 6 x 5 repeated-measures ANOVA
with Emotion (anger, disgust, fear, happiness, sadness, surprise) and Degree (20%,
40%, 60%, 80%, 100%) as the within-subjects factors. A significant main effect of the
intercept was found, F(1, 95) = 19.069, p < .001, 2 = .167, indicating the well-
established and predicted overall LVF/RH bias (0.14 £ 0.03). The main effect of
Emotion was not significant, F(5, 475) = 1.65, p = .145, indicating that the LVF/RH
bias was independent of specific emotion, supporting the right hemisphere hypothesis.
The main effect of Emotion Intensity was significant, F(2.74, 260.56) = 8.29, p <.001,

np? = .080. Based on tests of within-subjects contrasts, there was a significant linear

trend, F(1,95) = 14.309, p <.001, 7% = .131, indicating that the higher the degree, the
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stronger the LVF/RH bias (see Figure 4). The interaction of Emotion and Intensity was

not significant, F(15.75, 1496.58) = 1.071, p = .378, 1,°> = .011. The overall biases for

each emotion can be found in Table 1.

LVF/RH Std. Partial Eta
F(1,95) Sig.

Bias Error Sq.
Anger 0.11 0.04 8.62 .004 .083
Disgust 0.16 0.04 15.49 <.001 140
Fear 0.17 0.04 16.71 <.001 150
Happiness 0.11 0.05 5.39 .022 .054
Sadness 0.17 0.04 20.24 <.001 176
Surprise 0.17 0.04 20.49 <.001 A77

Table 1. The results of six separate repeated measures ANOVAs for all degrees of

emotion intensity for each emotion showing the main effects of the models.

Mean LVF/RH bias

0.3

0.25

0.2

0.15

0.1

0.05

20%

40%

Degree of Emotional Intensity

% %k %k

60%

80%

3% % %

100%
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Figure 4. The mean laterality quotients (LQs) in the Emotional Chimeric Faces task for
each emotional intensity averaged across all six basic emotions, the error bars represent
the standard error of the model for each degree of emotion intensity. Asterisks indicate a

significant difference from an LQ of 0 (**p < .01, ***p <.001).

A one-sample t-test with test score = 0 (virtual symmetry) revealed that the LQs
for neutral faces (emotion intensity of 0%) did not achieve significance, t(95) = 1.23, p
=.221; in other words the participants did not choose either the top or bottom neutral
face more frequently than the other. Similarly, the one-sample t-test for 20% emotional
intensity was not significant, t(95) = 1.54, p =.127 (uncorrected), with one exception. At
20% emotional intensity only the LQs for sadness were significantly different from 0,
t(95) = 2.65, p = .009. For intensities of 40%, 60%, 80% and 100%, one sample t-tests
revealed biases significantly different from virtual symmetry, all t(95) > 2.99, all p <

.005.

When the ANOVA was restricted to faces with only 100% degree of
emotionality, the results revealed a strong overall LVF/RH bias of 0.20 + 0.04, F(1, 95)
=21.52, p <.001, 7% = .185, which was numerically slightly smaller than the LQ of
0.27 £ 0.04 and 0.34 + 0.06 in two previous studies using the same stimuli (Innes et al.,
2016, and Hausmann et al., 2019, respectively). Similarly, the main effect of Emotion

was not significant, F(5, 475) = 1.12, p = .350, ;> = .012.

Given the large variability in hand preference scores, we also repeated the
original 6 x 5 ANOVA with handedness, and the absolute values of participants’

handedness scores as a covariate. However, neither the main effect of handedness nor
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any of the interactions with handedness were significant, all F < 1.26, ns. Similarly,
when gender was included as a between-subjects factor, no significant main effect or

interaction approached significance, all F <1.27, ns.

Reaction Times

When reaction times were subjected to a 6 x 5 repeated-measures ANOVA, the
main effect of Emotion was not significant, F(5, 475) = 1.48, p = .196, suggesting that,
in line with the ANOVA with LQs as dependent variable, processing times were similar
across specific emotions. The main effect of Emotional intensity was significant,
F(3.72, 310.73) = 18.22, p < .001, 7> = .161.The reaction times increased linearly with
decreasing degree of emotional intensity, as indicated by the trend analysis, F(1, 95) =
41.73, p < .001, 1,? = .305 (see Figure 5). The interaction of Degree and Emotion was

again not significant, F(15.53, 1475.40) = .988, p = .473.

Mean Reaction Time (ms)

0% 20% 40% 60% 80% 100%
Emotional Intensity

Figure 5. The mean reaction times (RTs) for each emotional intensity averaged across

all six basic emotions.
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To investigate if emotions were processed for the lowest intensity (20%) of
emotional faces, pairwise comparisons of reaction times for only 20% emotional stimuli
were compared to the emotionally neutral stimuli (intensity of 0%). The results revealed
that reaction times for all emotions with an intensity of 20% (RTs <2138 ms, SE < 625)
differed significantly (faster) from the neutral faces, M = 2289 ms, SE = 577, all t(95) <

3.15, p <.002.

Emotional hemifield detection task (Experiment 2)

For the emotional hemifield detection task, accuracy of correctly localized
emotions in the chimeric stimuli (left or right) and mean reaction times (correct

responses) were determined for all the chimeric stimuli used in Experiment 1.

Detection accuracy

Accuracies were subjected to a 6 x 5 x 2 repeated-measures ANOVA with
Emotion, Degree and Hemiface (left, right) as within-subjects factors. The main effect
of Hemiface was not significant, F(1, 95) = .202, p = .654, indicating that the
performance in the emotional hemifield detection task was unaffected by side of the
emotional hemiface. This finding suggests no general detection bias for either side in
the chimeric stimuli. The main effect of Emotion was significant, F(3.34, 317.43) =
25.31, p <.001, 2 =.210. Post hoc pairwise comparisons revealed that accuracy was
significantly higher for happiness (M = 74.9% + 2.3%) than for all other emotions, all p
<.003. Accuracies were also significantly lower for anger (64.1% + 1.7%) and sadness
(60.9% = 1.4%) compared to disgust (71.2% =+ 2.1%), fear (68.7% + 2.0%) and
happiness (74.9% + 2.3%), all p <.001. The accuracy for surprise (65.0% = 2.0%) was

significantly lower than disgust (71.2% + 2.1%) and happiness (74.9% + 2.3%). The
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main effect of Emotional intensity was also significant, F(1.81, 172.05) = 77.17, p <
.001, 7% = .448. The trend analysis revealed a linear increase in accuracy as the
emotionality of the stimuli increased, F(1, 95) = 112.45, p < .001, 7% = .542. Post hoc
pairwise comparisons revealed that all the intensities differed significantly from each
other (i.e., 20% < 40% < 60% < 80% < 100%, all p <.008).

To investigate if the detection threshold for the emotion in chimeric face stimuli
was above chance for the lowest emotional intensity level of 20%, one-sample t-tests
(test score = 50%) were conducted for the 20% level of each emotion. The results
showed that at emotional intensities of 20%, accuracy (all M > 53.7%) was significantly
above chance (all p <.027), except for surprise (M = 53.2%, p =.106). At 40%
emotionality, the detection rate for surprise (M = 62.9%) was also significantly above

chance (p < .001).

Reaction Times

For reaction times, the 6 X 5 x 2 repeated-measures ANOVA with Emotion,
Intensity and Hemifield as within-subject factors was also run to investigate the reaction
time data for this task. In line with detection accuracy, the main effect of hemifield was
not significant, F(1, 95) = 1.74, p = .190. The main effect of Emotion was significant,
F(3.22, 308.14) = 13.28, p < .001, 7% = .123. Post hoc pairwise comparisons showed
that Sadness (822 + 31 ms) had a significantly slower reaction time (all p <.014) than
anger (790 + 28 ms), disgust (756 + 24 ms), fear 763 = 25 ms) and happiness (736 + 27
ms). Happiness also had a significantly faster reaction time (all p <.001) than anger
(790 = 28 ms) and surprise (790 = 28 ms). Finally, surprise (790 + 28 ms) was also
significantly slower (p = .031) than fear (763 + 25 ms). The main effect Emotional
intensity was also significant, F(1.82, 173.06) = 29.97, p <.001, 7,%> = .240. All

emotional intensity levels differed significantly from each other, all p <.011, except for
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80% and 100%, p = 1.000 (i.e., 20% < 40% < 60% < 80% = 100%). Again, intensity
levels indicated a linear trend, F(1, 95) = 40.44, p < .001, 7,2 = .299. Estimated means
and pairwise comparisons showed that as the emotion intensity increased, reaction time
decreased linearly.

Finally, when the repeated-measures ANOVA was restricted to emotional
intensities of 20% and the neutral face (intensity of 0%), the factor Emotion was
significant, F(3.02, 286.76) = 14.55, p < .001, 7,2 = .133. Pairwise comparisons
revealed that all emotions had significantly faster RTs (M <859 ms, SE < 38 ms,) than

the RTs for the neutral faces (M = 1035 ms, SE = 55 ms), p <.001

Laterality-performance relationships

To investigate the relationships between emotion lateralization (Experiment 1)
and the performance in the emotional hemifield detection task, Pearson correlations
between the overall LQ in ECFT and detection performance (detection accuracy and
response times) were analyzed. The analysis did not reveal any significant relationship,
neither for detection accuracy, r(96) = .07, p = .506, nor response times, r(96) = .008, p

=.941.

Split-half reliability

To calculate the split-half reliability of the ECFT used in the current online
study, two LQs were calculated by randomly splitting the total number of trials into two
halves (odd and even trials) for each participant. A Pearson correlation was then
calculated for the two sets of values, resulting in r = .88. The split-half reliability is
similar to the split-half reliability of r = .93 determined for standard ECFT stimuli by

Levy et al. (1983).
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Discussion

The present study sought to investigate whether emotional intensity of the
chimeric stimuli affects the LVF/RH bias in the well-established ECFT. In line with the
right hemisphere hypothesis (Ley & Bryden, 1979), we hypothesised an LVF bias for
all basic emotions, which was confirmed by the current study, further supporting the
view that the right hemisphere dominantly processes emotional chimeric stimuli. The
overall LVF/RH bias is in line with previous research using the same subset of
emotional chimeric face stimuli with an emotional intensity of 100% (e.g., Hausmann et
al., 2019; Innes et al., 2016) and also matches previous ECFT studies which used a
different set of chimeric stimuli, sometimes with only a subset of basic emotions
covered (e.g., Bourne, 2010, 2011; Workman et al., 2000). More importantly, the
current study revealed that the intensity of the emotional facial expression was directly
related to the degree of the LVF/RH bias. The strongest LVF/RH bias was found for
intensities of 100% which gradually declined with decreases in emotional intensity, to
the extent that the bias was entirely eliminated for the 20% emotional and neutral faces.

The results of the ECFT (Experiment 1) correspond with the findings of the
Emotional hemifield detection task (Experiment 2) which showed that the detection
performance decreased with emotional intensity of the chimeric stimuli. However, even
with the lowest emotional intensity of 20% and extremely short presentation times of
only 100ms, participants were able to detect the correct hemifield carrying the emotion.
It is noteworthy that Experiment 2 did not reveal a RH bias, probably because
participants were asked to decide which side of the face displayed the emotion which
required participants to pay attention to both sides of single stimuli presented centrally.
This is fundamentally different to Experiment 1 where participants were asked to

compare the emotional degree of two similar face stimuli (presented on top of each
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other) and without any reference to left and right. If we combine the results of
Experiment 1 and 2, we may conclude that emotional lateralization is reduced when the
emotional stimulus content is less visible and harder to detect, suggesting that emotion

lateralization is less pronounced with increasing task demands.

Effects of emotional salience

As the emotion on the chimeric faces became less evident, accuracy of
localization also decreased, verifying that our stimuli did indeed manipulate task
difficulty. Replicating the findings of Carbary, Almerigi and Harris (2001, 2002), we
found that the laterality bias decreased as task difficulty increased. Extending the results
of Carbary and colleagues, we found that at the highest level of difficulty (20%
emotionality), the laterality bias was entirely eliminated. Accuracy on the second task
was significantly higher than chance for most of these stimuli, suggesting that this lack
of lateralization was not due to a lack of emotional processing overall, but rather a
recruitment of the left hemisphere. As Hirnstein et al. (2010) suggested, for some tasks
it appears that a decrease in lateralization improves cognitive performance and based on
our results, emotion perception is such a process. This is contrary to early evolutionary
explanations for the development of cerebral asymmetry, which argued that increased

laterality existed to aid cognitive performance (Corballis, 1991, 2009).

Relationship between laterality and task difficulty

There are several potential explanations as to why decreased laterality may aid
performance on this emotion perception task. One explanation comes from the findings
that global configural processing is thought to be more supported by the right
hemisphere, while the left hemisphere is more involved in the processing of local

features (e.g., Robertson, Lamb & Knight, 1998; Robertson & Lamn, 1991; VanKleeck,
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1989). In their second experiment, Carbary et al. (2002) asked participants to describe
the type of processing they were using for perceptual decisions. They found that for
easy decisions participants mainly relied on “first impressions” (Carbary et al., 2002, p.
308), while for the more difficult conditions participants utilized a “feature search”
(Carbary et al., 2002, p. 307). Bourne, Vladeanu and Hole (2009) conducted a priming
study with selectively degraded faces to promote either featural of configural processing
and found differences in functional cerebral asymmetries for these two different forms
of perceptual processing. While configural information seemed to be processed
preferentially by the right hemisphere, featural information was biased to the left
hemisphere. Combined with the findings of Bombari et al. (2013), who found that
perception of different emotions relied on configural and featural processing in different
ratios, these results could explain the decrease in the LVF/RH bias as the need to
featural processing increased with task difficulty as well as the varying levels of
asymmetry for each emotion.

Alternatively, Banich (1998) proposed that the dynamic interaction of the two
hemispheres can modulate the processing capacity of the brain and this determines the
relationship between laterality and task difficulty. According to this model, when
processing load or demand on cognitive resources is high, then the processing is spread
across the hemispheres to provide more neural space for computation. Banich and
colleagues demonstrated support for this across various modalities (Banich & Belger,
1990; Banich, Passarotti & Chambers, 1994; Banich & Shenker, 1994). When the
computational load is light then there is no need to utilize both hemispheres of the brain
and laterality biases present themselves. Hence for our experiment, in the easy
conditions when emotion was very evident in the face stimuli, the right hemisphere was

sufficient for perception of the emotion, but in the difficult conditions when the
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emotions were less clear, the left hemisphere was recruited to aid in the perception of
the emotion. This is directly supported by our results, as in the 20% emotional intensity
condition the emotional hemiface was correctly identified above chance level, but the
LVF/RH bias was no longer present. Since the emotional faces were still being
processed, this suggests that the left hemisphere was being recruited to aid processing,
thus eliminating the bias, rather than the activation in the right hemisphere decreasing
on its own.

This explanation was recently developed further by Stankovi¢ (2020), who
proposed the hemispheric functional-equivalence model and argued that the brain is
initially right hemisphere biased for emotional face perception, but various
psychophysiological factors, including stress and task demands, can activate a bilateral
brain-network, which leads to a disappearance of the cerebral asymmetry. Banich
(1998) stressed that the key to their model was the corpus callosum, which facilitated
the modulation of processing across the hemispheres and so it would be interesting for
future research to consider our task with split-brain patients and see how their lateral
division of labor compares to healthy subjects.

Finally, Boles et al. (2008) conducted an analysis of tasks in various domains
and found that for some, a larger degree of laterality led to better performance, while for
others they found a negative relationship between laterality and performance, as we
found in our study. Boles and colleagues proposed a developmental model to account
for these different relationships for different tasks. They suggested that cognitive
processes which are lateralized very early or very late in development will show a
positive relationship between lateralization and performance in maturity, while
cognitive processes which are initially lateralized in the intermediate stages of

development will show a negative laterality-performance relationship in maturity.
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Although researchers have shown that infants begin to recognize emotions as early as 7
months of age (Walker-Andrews, 1997, 1998), the process does not seem to be
lateralized until around the age of 8 years old (Watling & Bourne, 2013) and is
developed to adulthood level by ages 10-13 years (Anes & Short, 2009; Levine & Levy,
1986). For example, Workman, Chilvers, Yeomans and Taylor (2006) conducted an
ECFT experiment with three groups of children (5-6, 7-8 and 10-11 years of age) and
while the 5-6 year olds showed no evidence of an LVF/RH bias, the 10-11 year olds
displayed a clear bias for all six basic emotions. Based on these findings, emotion
perception seems to be a process lateralized in the intermediate stages of development
and based on Boles and colleagues, this would suggest a negative relationship between
lateralization and performance. This is indeed what we found in adults in the current
study, since increasing task difficulty led to a decrease in lateralization. However, a
longitudinal study from childhood to maturity is necessary to be able to address this

theory of development of lateralization fully.

Sex/gender differences

Many previous studies on the laterality of emotion perception used samples of
male-only participants or with large proportions of male participants (Adolphs et al.,
2001; Borod, Koff, Perlman Lorch & Nicholas, 1986; Shamay-Tsoory et al., 2008),
while Bourne (2005) found that female observers had weaker biases compared to male
participants, which was replicated by Rahman and Anchassi (2012), and Innes et al.
(2016). This is supported by a meta-analysis of 65 neuroimaging studies, which found
males to be more lateralized during decoding of emotional facial expressions (Wager,
Phan, Liberzon & Taylor, 2003). On the other hand, Rodway, Wright and Hardie (2003)
found that females displayed a more pronounced valence-based laterality bias for

emotion perception than males. As for the relationship between laterality and
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performance, Hirnstein et al. (2010) were unable to draw clear conclusions about the
effects of sex on the laterality-performance relationship, while Boles (2005) and Leask
and Crow (2002) did not find a significant effect of sex. Including sex as a between-
subjects factor in our analysis failed to find a significant main effect or interaction with
any of the other factors. This suggests that sex does not have large effects on
lateralization of emotion perception itself or how this may relate to cognitive
performance. However, this conclusion is also limited by the distribution of men and
women in our participant sample. Compared to past ECFT studies, we had a significant
female proportion of participants, but conversely the male proportion of participants
was relatively small (17%), potentially obscuring any significant effect due to low male

sample size.

Handedness

In discussing the effects of their study, Carbary et al. (2002) were also interested
in how their conclusions could be generalized to left-handed participants, who are
thought to be more variable in their cerebral organization (e.g., Harris, 1992).
Additionally, Frassle, Krach, Paulus and Jansen (2016) found that handedness had an
impact on the lateralization of general facial processing, specifically within the fusiform
face area. However, including handedness as measured by the Edinburgh Handedness
Inventory (Oldfield, 1971) in our analysis as a covariate did not reveal a significant
effect or interaction. Of our sample, 14% showed a left-handedness preference, which is
slightly higher than the estimated overall global prevalence of left-handedness (10.6%;
Papadatou-Pastou et al., 2020), nonetheless an over-representative sample would be

necessary to reveal a significant effect of handedness.
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Advantages of online studies

Due to the COVID-19 pandemic we were forced to adapt our study from in-
person data collection to online data collection. Despite initial apprehensions, our
results showed that laterality studies are entirely conceivable in an online setting and in
fact confer multiple advantages. The validity of reaction time data collected in an online
environment is an important concern for laterality experiments. Bridges, Pitiot,
MacAskKill and Peirce (preprint) conducted a battery assessment of multiple online
platforms and found that many environments provided reliable and valid data similar to
data collected in a laboratory. For example, the Gorilla platform (Anwyl-Irvine et al.,
2018) used by our experiments showed an inter-trial variability for reaction time
measurements under 6ms and visual test showed consistently low variabilities across
operating systems and internet browsers. As Parker, Woodhead, Thompson and Bishop
(in press) pointed out in their recent reliability assessment, online studies allow for the
collection of data from a large number of participants in considerably shorter time than
in-person data collection would require. This is a major benefit for laterality studies,
which often suffer from a lack of statistical power due to small sample sizes. In their
analysis, Parker and colleagues showed that the chimeric stimuli also used in our study
have a high test-retest reliability when presented in an online environment, r = .88. For
our data, we calculated a split-half reliability and found an internal reliability of r = .89,
very similar to the initial split-half reliability calculated for chimeric stimuli presented

in a laboratory setting of r = .93 (Levy et al., 1983).

Summary and conclusion

In summary, our findings showed support or the right hemisphere hypothesis, as
all emotions revealed a strong laterality bias for the left visual field, processed by the

right hemisphere. Our findings contribute to the robust findings of ECFT studies
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revealing an LVF/RH bias. We expanded on findings from Carbary et al. (2001, 2002)
and found that increasing task difficulty leads to a decrease in lateralization, suggesting
that for emotion perception, lateralities did not develop to enhance cognitive processing.
This may be accounted for by changes in visual processing for difficult tasks, the
increased cognitive load of the difficult tasks or due to the lateralization of emotion
perception in the intermediate stages of development. Further research is necessary to
disentangle these potential explanations; however, our study provides a strong
foundation for further investigations. The analyses suggest that gender and handedness
do not have a strong effect on the lateralization of emotion perception or how the degree
of emotion lateralization relates to task performance, although this may be affected by
limitations in the participant sample. Finally, the present study showed that
lateralization research is entirely possible in an online environment, something which

should be taken advantage of for further research in the field.
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