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Abstract 

Functional cerebral asymmetries have been demonstrated for emotional face perception but a 

conflicting pattern of results emerges from the literature. Previous studies suggest 

discrepancies may be driven by the spatial frequency content of emotional stimuli and also 

participant’s awareness. The current study investigated this using emotional hybrid faces 

which are created by combining low spatial frequency content of an emotional face with high 

spatial frequency information of a neutral face. An affective priming paradigm was employed 

to investigate whether emotional content conveyed by low spatial frequencies was sufficient 

to affect identification of target emotional hybrids; when presented to each cerebral 

hemisphere using the divided visual half-field technique. In Experiment 1, participants 

viewed neutral or emotional primes followed by emotional targets on congruent trials or 

neutral targets on incongruent trials, presented in each visual half-field. Participants indicated 

whether the target face was emotional or neutral. Experiments 2 and 3 adopted an expression 

identification task, requiring participants to identify the emotion displayed. The results 

revealed fearful faces were identified more accurately by the left hemisphere in Experiment 1 

and that emotional congruency of prime and target had a positive effect on performance. 

Experiments 2 and 3 however, showed a general advantage for the right hemisphere and an 

adverse effect of emotional congruency. It was concluded that contrast effects accounted for 

the adverse effects of congruency in the later experiments and differences between 

Experiments 1 and Experiments 2 and 3 were the result of increased task difficulty in the 

latter. The results also suggest a general RH dominance for emotion processing as the left 

hemisphere advantage for fear in Experiment 1 was concluded to result from a hemispheric 

advantage for processing changes in the white sclera of the eye region. 
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Introduction 

Definitions of emotion are heavily debated in both psychological and philosophical research 

but common conceptualisations include arousal, appraisal, experience, expression and goal-

directed behaviour as components in the wider emotional system (Scherer, 2005; Plutchik, 

1984). The appraisal component allows rapid and accurate identification of others’ emotional 

states and enables humans to select context-appropriate behaviours in accordance with the 

inferred mood-state of the observed (Damasio, 1995). A wealth of nonverbal information is 

communicated by the face and efficient extraction of emotional information from facial 

expressions plays a large role in human social interactions (Uleman, Saribay & Gonzalez, 

2008). A sub-set of six facial expressions (anger, fear, happiness, disgust, sadness and 

surprise) are reliably identified across different cultures, highlighting their social importance 

(Ekman & Friesen, 1976; Ekman, 1992). 

 

An occipito-temporal region referred to as the Fusiform Face Area has been linked to face 

perception (Kanwisher, McDermott & Chun, 1997) but less is known about the diffuse neural 

networks sub-serving emotional expression perception. Activations in specific cortical 

regions and subcortical structures, including but not limited to the temporo-parietal/prefrontal 

cortices, amygdala and thalamus have been linked to emotion processing but their 

relationship is poorly understood (Fusar-Poli et al., 2009). Functional differences between the 

left (LH) and right cerebral hemispheres (RH) have also been reported for face and emotion 

perception. The RH, for example, is dominant for face processing in general (Burt & Perrett, 

1997), relative to the LH. These inequalities in hemispheric contributions, termed Functional 

Cerebral Asymmetries (FCAs), have been documented across multiple cognitive domains 

(Lassonde, Bryden & Dermers, 1990) and also in other non-human species which has led 

some to suggest an evolutionary advantage to the lateralization of brain function (Lust et al., 
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2011). There is conflicting evidence regarding the pattern of FCAs in emotional expression 

processing however, and three main hypotheses receive most support from the broad 

literature.  

 

Firstly, the Right Hemisphere hypothesis (Gainotti, 1969; 1972) states the RH is dominant for 

all emotional tasks and therefore processes all six basic emotional expressions. Other models 

suggest a more complex pattern of asymmetry and state that FCAs are determined by the 

emotional valence of stimuli, which generally refers to a positive/negative dichotomy. The 

Valence-Specific hypothesis postulates the LH preferentially processes positive emotional 

expressions (happiness and surprise) whilst the RH processes negative expressions (anger, 

sadness, fear and disgust) (Perria, Rosadina & Rossi, 1961; Ahern & Schwartz, 1979; 

Wedding & Stalans, 1985). The Approach-Avoidance hypothesis highlights motivational 

drive in response to emotionally salient stimuli as a determining factor for FCAs (Harmon-

Jones, 2004). The Approach-Avoidance hypothesis groups emotional expressions as invoking 

approach or avoidance behaviours and differs from the Valence-Specific hypothesis only by 

the conceptualisation of anger.  According to the Approach-Avoidance hypothesis, anger is 

related to approach tendencies and is therefore grouped with other positive/approach 

emotions.  

 

Much of the early evidence for FCAs in emotion processing stems from studies of brain-

damaged individuals and deficits in emotional processing have been reported after damage to 

the RH, which led to the suggestion of a dominant RH for emotional processing in general. A 

number of experiments have reported poorer performance following RH damage in facial 

expression perception tasks for example (Borod et al., 1998; Kucharska-Pietura et al., 2003; 

DeKosky, Heilman, Bowers & Valenstein, 1980; Anderson et al., 2000). One such study of 
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patients with unilateral RH and LH brain damage showed participants photographs of all six 

basic emotional expressions (Adolphs et al., 1996). Participants were tasked with indicating 

how similar target expressions were to corresponding labels (i.e., how happy is this face?) 

and the results showed the LH group was unimpaired for all emotional expressions. In 

contrast, the RH group was selectively impaired for fearful and sad faces. Due to normal 

performance of the LH group, Adolphs and colleagues concluded the RH plays a dominant 

role in the perception of all emotional facial expressions.  

 

Evidence for valence-specific deficits in brain-damaged patients performing perceptual tasks, 

however, is less abundant. Deficits in perceiving negative expressions have commonly been 

reported after RH damage (Borod et al., 1998; Mandal, Tandon & Asthana, 1991; Adolphs et 

al., 1996), which is in accordance with both the RH and Valence-Specific hypotheses, but 

there is little evidence of impaired perception of positive expressions following LH damage. 

Findings from studies with neurologically damaged individuals therefore tend to support the 

RH hypothesis (Kucharska-Pietura et al., 2003; DeKosky, Heilman, Bowers & Valenstein, 

1980). The results from a recent investigation conducted by Laeng et al. (2010) suggest, 

however, that the LH and left amygdala play a vital role in processing sadness and fear. In 

this study, a patient with widespread resection of the LH and underlying subcortical 

structures was shown sad and fearful hybrid faces, which present emotional content below the 

threshold of conscious awareness, and asked to rate how friendly they appeared. Control 

participants showed a significant reduction in friendliness ratings for these two emotions but 

the neurologically damaged patient demonstrated no such effect which implicates the LH in 

the processing of these two emotions. These findings are not accounted for by the RH, 

valence-specific or Approach-Avoidance hypotheses.  
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However, many of these studies with brain-damaged participants were conducted using 

highly heterogeneous patient populations (Borod et al., 1986; Adolphs et al., 1996) which 

may partially explain the discrepant findings. Due to the fact that neuroplastic reorganisation 

following stroke is thought to contribute to recovery of cognitive function (Hochstenbach, 

den Otter, & Mulder, 2003; Murphy & Corbett, 2009), failure to control for time since injury 

and aetiology may confound these findings. A recent comprehensive study applied strict 

inclusion criteria to address these issues (Abbot et al., 2014). In this study, unilateral stroke 

patients completed expression identification and discrimination tasks but no significant 

performance differences were reported between right brain-damaged and left brain-damaged 

patients on either task. Importantly, participants also completed a facial recognition task to 

rule out a general face processing deficit resulting from RH damage. In light of these 

findings, retention of function evidenced in neurologically damaged participants may reflect 

post-injury adaptation or synaptic reorganisation as opposed to FCAs for emotional 

expression perception (Abbott et al., 2014). 

 

The advancement of neuroimaging techniques, including Electroencephalography (EEG) and 

functional Magnetic Resonance Imaging (fMRI), has presented an alternative method of 

investigating the contributions of each hemisphere to emotional processing. In fMRI studies 

for example, greater activations in one hemisphere relative to the other during presentation of 

specific emotional stimuli or during emotional processing tasks are then interpreted as 

evidence of FCAs (Canli et al., 1998). Narumoto et al. (2001) reported findings in support of 

the RH hypothesis in an fMRI study using a match-to-sample emotional facial expression 

task. Specifically, selective activation of the right superior temporal sulcus was recorded in 
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response to happy, sad and fearful expressions which suggests a general RH dominance but 

the majority of neuroimaging tend to support the Valence-Specific hypothesis.     

Much of the neuroimaging evidence for valence-driven FCAs has been obtained by EEG 

studies whereby greater activations in the LH and RH, relative to the opposing hemisphere, 

are recorded in response to positive and negative expressions respectively (Balconi & Mazza, 

2010; Breiter et al., 1996). A recent EEG study, for example, reported greater alpha 

activations in the RH in response to angry, fearful and surprised expressions and in the LH in 

response to happiness (Balconi & Mazza, 2010). The poor spatial resolution of EEG renders 

localisation of activation origin difficult however but Magnetoencephalography (MEG) 

provides superior spatial resolution in comparison (da Silva, 2004). This technique has 

recently been applied to the study of FCAs in emotional face processing by Nakamura, 

Maess, Knosche and Friederici (2014). In this experiment, participants were required to 

categorise centrally presented faces as happy or neutral and reported greater activity in left 

temporal regions during presentation of happy compared to neutral faces. Although negative 

emotional facial expressions were not tested, greater activations in the LH during 

presentations of positive expressions are in accordance with the Valence-Specific hypotheses. 

Davidson (1987) has highlighted that greater activations in one hemisphere may not represent 

specialisation of that hemisphere for a specific task or indicate superior performance 

however. It is therefore important to consider evidence from behavioural studies to 

supplement neuroimaging data and thus, comprehensively evaluate the three models.  

A widely used behavioural paradigm for the study of FCAs in emotional face processing is 

the divided visual half-field technique which presents stimuli tachistoscopically to the left 

and right of fixation (Ley & Bryden, 1979; Hugdahl, Iversen, Ness & Flatten, 1989; Suberi & 

McKeever, 1977; McClaren & Bryson, 1987; Buchtel, Campario, De Risio & Rota, 1978; 
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Hugdahl, Iversen & Johnson, 1993; Strauss & Moscovitch, 1981; Landis, Assal & Perrett, 

1979; Alves, Aznar-Casanova & Fukusima, 2009; Everhart & Harrison, 2000; Ladavas, 

Umiltà & Ricci-Bitti, 1980; Safer, 1981). Due to the arrangement of retinal projections to the 

lateral geniculate nucleus, stimuli presented in the nasal region of each visual half-field are 

initially processed by the contralateral hemisphere (Mishkin & Forgays, 1952; van de Pol, 

2009). Early divided visual half-field experiments using positive and negatively valenced 

cartoon stimuli have reported superior accuracy for targets shown in the LVF, corresponding 

to the RH, regardless of emotional valence (Ley & Bryden, 1979; Hugdahl et al., 1989). This 

is supportive of the RH hypothesis as both positive and negative emotional expressions were 

identified more accurately in the LVF. 

The LVF advantage has also been replicated in studies recording participant’s reaction times 

(RTs) whereby emotional expressions are correctly identified faster in the LVF (Suberi & 

McKeever, 1977; McClaren & Bryson, 1987). Shorter RTs are thought to represent faster 

processing which suggests an RT advantage in one VF is indicative of superior performance 

by the contralateral hemisphere (Bourne, 2008). Faster RTs have been reported for LVF 

presentations of sadness (Buchtel et al., 1978), happiness (Hugdahl et al., 1993), surprise 

(Strauss & Moscovitch, 1981) and for all six basic emotional expressions collectively 

(Ladavas et al., 1981; Safer, 1981). LVF advantages for all six basic emotional expressions 

suggest the RH is dominant for emotion processing, but conflicting evidence from other 

divided visual half-field studies suggest a valence-driven pattern of FCAs (Davidson et al., 

1987; van Strien & van Beken, 2000; Jansari et al., 2000). RVF advantages, for example, 

have been reported for happy (Reuter-Lorenz & Davidson, 1981; Reuter-Lorenz, Givis, & 

Moscovitch, 1983) and sad expressions (Stafford & Brandaro, 2010) whilst superior accuracy 

and faster RTs have been documented for LVF presentations of fearful, sad and angry 

expressions (Alves et al., 2009; Stafford & Brandaro, 2010). The fluctuations in FCAs 
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reported by these studies suggest the LH is specialised for processing positive expressions 

whilst the RH preferentially processes negative expressions, in accordance with the Valence-

Specific hypothesis.  

Studies using the divided visual half-field technique often report conflicting findings with 

regards to the pattern of lateralisation for emotion processing. The broad range of 

experimental tasks used in the literature may partially explain these discrepancies as FCAs 

have been evidenced for other cognitive functions involved in completing specific 

behavioural tasks. A number of studies supporting the Valence-Specific hypothesis, for 

example, have used an emotional label matching paradigm that required participants to match 

a target face to a verbal label (Burton & Levy, 1989; Rodway et al., 2003; Stafford & 

Brandaro, 2010; Jansari et al., 2011; Nijboer & Jellema, 2012). Given that language is 

lateralized to the LH in ~90% of right handers (Knecht et al., 2000), potentially confounding 

involvement of the LH in these tasks cannot be ruled out (Najt, Bayer, & Hausmann, 2013). 

Some studies that used this match-to-label paradigm have reported results in favour of the RH 

hypothesis (Ladavas et al., 1980) which indicates other confounding factors are involved. 

Bourne (2006) highlighted that presentation times of 150 ms or lower are required to prevent 

saccades away from fixation in the divided visual half-field paradigm. Saccades towards the 

periphery may allow stimuli to be viewed in regions other than the nasal portion of the visual 

half-field and therefore allow processing by the other hemisphere. Findings from studies 

presenting stimuli for longer than 150 ms (Reuter-Lorenz et al., 1983) that did not use an 

eyetracker to exclude trials in which saccades were made away from fixation, cannot 

guarantee processing by the contralateral hemisphere. Suggested FCAs in emotional 

processing may therefore be the result of confounding processing by the other hemisphere.   
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Other behavioural tasks also take advantage of the projections of the visual system to 

investigate functional lateralization of the cerebral hemispheres. One such task, termed the 

chimeric faces task, measures perceptual bias and reveals participant’s tendency to respond to 

stimuli presented in one VF (Levy, Trevarthen & Sperry, 1972). The most often used 

variation of the task presents a face composed of an emotional expression on one side, and a 

neutral expression on the other (see Figure 1). Participants indicate which side of the chimera 

is more emotional or displays a target emotion and a laterality quotient (LQ) is calculated 

with left and right hemiface biases indicating a tendency to respond to the left and right sides 

of the chimera, respectively. A number of studies have reported left hemiface bias in 

accordance with the predictions of the RH hypothesis (Christman & Hackworth, 1993; 

Moreno, Borod, Welkowitz & Alpert, 1990; Asthana & Mandal, 2001; Ashwin, Wheelwright 

& Baron-Cohen, 2005; Bourne, 2010; Drebing, Federman, Edington & Terzian, 1997). Left 

hemiface bias has been reported under free viewing conditions for a subset of emotions 

(Christman & Hackworth, 1993; Moreno et al., 1990; Asthana & Mandal, 2001) and also in 

experiments using all six emotional expressions (Bourne, 2010). Participant’s bias for 

responding more often or more accurately to emotional information in the left hemiface 

suggests the RH preferentially processes all emotional expressions. Only one study, to the 

author’s knowledge, has reported a valence-driven bias in the chimeric faces task. In this 

experiment, participants rated the right hemiface and left hemifaces as more negative and 

positive, respectively (Natale, Gur & Gur, 1983). A bias towards negative evaluation by the 

RH and positive evaluation by the LH is suggestive of FCAs driven by valence and is in 

accordance with the Valence-Specific hypothesis. 
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Figure 1. A chimeric face displaying a happy expression in the left hemiface and a neutral 

expression in the right hemiface (from Innes, Kentridge & Hausmann, submitted). 

 

 

In studies using the chimeric faces task and the divided visual half-field technique however, 

only a sub-set of the six basic emotional expressions have usually been included as testing 

stimuli (e.g., Buchtel et al., 1978; Stafford & Brandaro, 2010). It is important to note that 

without including all emotional face expressions it is difficult to discern whether FCAs are 

representative of processing differences for each individual emotion in a specific task or, an 

overall pattern of lateralization as predicted by the Right Hemisphere, Valence-Specific or 

Approach-Avoidance hypotheses. Similarly, experiments that excluded angry expressions 

cannot compare the Valence-Specific and Approach-Avoidance hypotheses as they differed 
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only in their interpretation of FCAs for the processing of anger. There are few studies that 

have directly investigated hemispheric contributions to processing angry facial expressions 

and as a result, the majority of evidence for the Approach-Avoidance hypothesis is reported 

from studies manipulating participant’s motivational states (Harmon-Jones & Allen, 1998; 

Harmon-Jones & Sigelman, 2001; Harmon-Jones, Sigelman, Bohlig & Harmon-Jones, 2003). 

Of the previous studies that have tested the full range of emotional expressions, some also 

failed to include neutral expressions (Ladavas et al., 1980; Safer, 1981). The inclusion of 

neutral expressions as a control condition is required as the RH has been demonstrated as 

dominant for face processing in general (Prete, Marzoli, & Tommasi, 2015). Superior 

performance in the LVF/RH for emotional tasks excluding neutral faces cannot therefore be 

dissociated from the RH dominance for face processing in general (Yin, 1970; Najt et al., 

2013).  

There are clear discrepancies in the literature and the three lateralised emotion processing 

hypotheses are neither fully confirmed nor discounted by findings from behavioural or 

neurophysiological studies. Despite this, a consistent pattern of RH specialisation for 

processing negative emotional expressions can be observed whilst FCAs for positive 

expressions have proven less consistent throughout the literature (Najt et al., 2013). It has 

been suggested however, that lateralisation of basic visual processes may underlie the 

conflicting pattern of results. Emotional facial stimuli are composed of featural and 

configural information which is represented in high and low spatial frequencies (HSFs/LSFs), 

respectively (Goffaux et al., 2005). The Spatial Frequency hypothesis (Sergent, 1982; 1983) 

suggests that whilst the LH and RH are equally sensitive in terms of detecting HSFs and 

LSFs, they differ in their ability to efficiently conduct higher-order cognitive operations 

based on the outputs of specifically tuned SF channels. The RH is suggested as dominant for 

LSFs and the LH for HSFs in this model. The time-course of processing LSFs is shorter than 
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HSFs as the former are conveyed rapidly by primarily subcortical, magnocellular channels 

and the latter more slowly by cortical, parvocellular channels (Derrington & Lennie, 1984; 

Livingstone & Hubel, 1988). Previous authors have highlighted the trend of valence-specific 

lateralization or RH dominance and presentation times (Innes, Kentridge, & Hausmann, 

2016). Specifically, those using longer presentation times generally report results in favour of 

the Valence-Specific hypothesis whilst shorter duration studies support the RH hypothesis. 

Only two studies supporting the Valence-Specific hypothesis presented stimuli for 200 ms or 

less (Burton & Levy, 1989; van Strien & van Beken, 2000) in comparison with seven studies 

that favoured the RH hypothesis (Ley & Bryden, 1974; Suberi & McKeever, 1989; Ladavas 

et al., 1980; Safer, 1981; Alves et al., 2009; Everhart & Harrison, 2000; Kilgore & Yurgulen-

Todd, 2007). A number of experiments supporting the Valence-Specific hypothesis also used 

a free-viewing paradigm that presents stimuli until participants give a response. Longer 

presentation times may therefore result in a greater degree of HSF information being 

processed and result in involvement of the LH whilst shorter durations restrict SF processing 

to the lower bands and may implicate the RH. 

 

The predictions of the Spatial Frequency hypothesis have been ratified by a number of studies 

using an image manipulation technique known as filtering. This technique presents SFs above 

or below a specific threshold and creates a stimulus composed entirely of LSFs (approx. < 8 

cycles per face) or HSFs (approx. > 8 cycles per face) (Costen, Parker & Craw, 1996). Low-

pass filters produce stimuli composed of LSFs and high-pass filters produce HSF stimuli. A 

recent fMRI study showed participants low-pass, high-pass and broadband (normal SF 

content) natural scenes in an attempt to clarify the contributions of each hemisphere to the 

processing of specific SF bands (Musel et al., 2013). Their analysis revealed greater 

activations in RH occipito-temporal areas during presentation of LSF scenes and in LH 
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temporal regions for HSF, which is in accordance with the Spatial Frequency hypothesis. 

Importantly, these findings have been replicated in studies with facial stimuli. Keenan, 

Whitman and Pepe (1989) used square wave gratings of HSF and LSFs to mask unilaterally 

presented neutral faces. Participants were required to discriminate a target face from a group 

of five and significantly more errors were made when LSF masked faces were presented to 

the LVF and HSF masked faces to the RVF. An LVF advantage for faces composed of HSF 

and RVF advantage for LSF faces, respectively, is in accordance with the RH specialisation 

for LSF and LH specialisation for HSF processing predicted by the Spatial Frequency 

hypothesis.  

 

The LH and RH appear differentially involved in processing LSF and HSFs, which may itself 

contribute to the discrepant literature but there is also debate in the literature regarding the 

relative importance of each SF band for the accurate perception of individual emotional 

expressions and emotion processing in general (Whalen et al., 2004; for review, see de 

Cesarei & Codispoti, 2012). For example, Aguado, Serrano-Pedraza, Rodriguez and Roman 

(2010) found low-pass emotional faces were identified significantly slower than high-pass 

faces which suggest HSFs are necessary for accurate expression categorisation. Happy and 

angry expressions were used in this experiment but they were grouped as emotional for the 

purpose of analysis which means that differences in diagnostic SF bands for happiness and 

anger may have been hidden. On the other hand, another study reported a differential pattern 

of lateralisation with low-pass happy faces and high-pass sad faces were identified 

significantly faster than their filtered counterparts, suggesting a reliance on LSF and HSF 

information for happy and sad expression identification, respectively (Kumar and Srinivasan, 

2011). FMRI data has shown activity in the amygdala, thalamus and superior colliculus in 

response to low-pass fearful faces (Vuilleumier, Armony, Driver & Dolan, 2003) and the 
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authors suggested that LSFs are therefore most important for the accurate recognition of 

fearful faces due to LSF-specific activations in these areas.  Similarly, findings from an EEG 

study also showed modulation of the P1 component, which is associated with attention 

(Mangun & Hillyard, 1992), during presentation of low but not high-pass fearful faces 

(Pourtois et al., 2005).   

 

Findings from studies using other image manipulation techniques have also indicated 

differential involvement of SF bands in perceiving individual emotional expressions. The 

“bubbles” technique (Gosselin & Schyns, 2001; Smith, Cottrell, Gossellin & Schyns, 2005) 

isolates small areas of the face to present either HSF or LSFs. One study using bubbled 

stimuli asked participants to identify the expression of target faces (Smith & Schyns, 2009). 

Participants were more accurate at identifying sadness and fear when HSFs were isolated 

compared to better recognition of happiness, surprise, disgust and anger when LSF 

information was available. HSFs or LSFs appear to be diagnostic for identifying specific 

emotional expressions which, viewed in the context of FCAs for SF predicted by the SFH 

(Sergent, 1982), may explain the opposing findings regarding emotion processing 

lateralisation. 

 

The studies discussed thus far, however, have used emotional facial stimuli that present a 

single SF band in isolation. Due to the fact that accurate emotional face perception requires 

configural and featural processing, and therefore both LSF and HSF information (Goffaux et 

al., 2005), the removal of one band of SFs results in an abnormal, degraded facial stimulus 

and may not reflect the cognitive processes involved in normal emotional expression 

perception. However, Schyns and Oliva (1999) developed “hybrid” faces which present 

emotional content in one SF band but still maintain the appearance of a coherent facial 
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stimulus. LSF information extracted from an emotional face and HSFs from a neutral face are 

combined and the resulting stimulus contains “hidden” emotional content conveyed by LSFs. 

In previous experiment, participants were unable to explicitly identify the emotion of these 

hybrid faces but the hidden emotional content influenced participant’s subsequent decisions 

of friendliness and emotional content (Laeng et al., 2010; Leknes et al., 2013).  

 

The creation of a coherent facial stimulus with hidden emotional content comprising both 

HSFs and LSFs provides a unique tool for investigating implicit emotion processing. The 

finite resources available to the visual system restrict higher processing to only the most 

salient of inputs (Miller, 1956).However, previous studies suggest that observer awareness is 

not a prerequisite for emotionally salient stimuli to modulate behavioural and physiological 

responses (Merikle, Smilek, & Eastwood, 2001; Batty & Taylor, 2003). Laeng and colleagues 

(2010) demonstrated this with hybrid faces by showing participants angry, happy, fearful and 

sad hybrids with the emotional content displayed in the LSF band. Participants gave a 

friendliness rating for each hybrid and it was found that angry expressions were considered 

the least friendly, followed by sadness and fear with happy expressions rated the friendliest. 

Friendliness rating scales do not, however, directly measure emotional processing and may 

reflect different cognitive processes to those involved in emotional facial expression 

perception. Another study conducted by Leknes and colleagues (2013) did apply a direct 

measure of emotional content however. Participants were required to rate faces for 

attractiveness as well as emotionality and the results showed a significant effect of hidden 

emotional content for judging angry and happy hybrid faces. Specifically, angry hybrids were 

perceived as angrier, less happy and less attractive than happy hybrids, which suggests 

emotion processing can occur outside of awareness and that emotional content, conveyed by 

LSFs only, is sufficient to facilitate this. 
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Alternatively, priming paradigms offer a substitute technique for investigating implicit 

emotion processing. Priming effects are thought to represent implicit processing and prove a 

useful tool for investigating the functioning of cognitive networks in the absence of conscious 

awareness (Öhman, 1988). Brief presentations of an emotional prime can affect both early 

and late ERP components (Werheid et al., 2005) and have been shown to significantly 

improve RTs in a valence classification task (Fazio et al., 1986). Emotional facial expressions 

can also influence participant’s social decisions when presented for very short durations. One 

study showed participants positive and negative facial expressions for durations of 2 ms and 

observed that more negative traits were ascribed to cartoon characters after negatively 

valenced priming expressions and more positive traits following positive primes (Niedenthal, 

1990). Although this study only demonstrates a general valence priming effect, a more recent 

report has recorded category-specific priming effects for emotional facial expressions 

(Carroll & Young, 2005). In this experiment, participants were shown unrelated primes or 

one of the five basic emotional expressions (excluding surprise but including neutral) and had 

to vocalise the emotion of a target face. Faster RTs were reported in congruent, related 

conditions and this effect was specific to each expression whereby fearful primes had the 

largest positive effect on fearful targets etc. Priming effects have also been reported in 

experiments using filtered emotional facial expressions, whereby the emotional content is 

presented in the LSF band only (Phaf, Wendte, & Rotteveel, 2005) and this suggests LSFs are 

sufficient to facilitate performance in priming paradigms. Taken together, the results from 

these priming experiments are in accordance with previous studies using hybrid faces 

indicating performance can be affected by the presence of unseen emotional content.    
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Although there is evidence of emotional, valence-driven lateralization in explicit emotion 

processing, studies presenting stimuli below the threshold of consciousness largely support 

the RH hypothesis (Pegna, Khateb, Lazeyras & Seghier, 2005; Pegna et al., 2005; Whalen et 

al., 1998; Ladavas et al., 1993). Gainotti (2012) proposed that the RH is dominant for 

unconscious emotional processing and a right-lateralised subcortical route termed the “low” 

road (Vuilleumier et al., 2003) facilitates implicit emotional processing. Previous research 

has demonstrated that conscious, top-down processing can affect patterns of lateralisation 

which may have a confounding effect on research on FCAs (Yamaguchi, Yamagata & 

Kobayashi, 2000). The dichotic listening task has previously been used to demonstrate this 

effect. In this task, auditory stimuli are presented to both ears simultaneously and participants 

are tasked with reporting the word or syllable they heard most clearly (Hugdahl, 1995; 

Hugdahl et al., 2009). Due to the dominant contralateral projections from the right and left 

ears to the opposing hemispheres, a right ear advantage is consistently reported as stimuli are 

processed by the language dominant LH (Kimura, 1967). The right ear advantage can be 

reversed, however, when participants are instructed to attend to stimuli heard in the left ear 

(Hugdahl et al., 1999) and this reflects a reversal of FCAs by top-down cognitive processing. 

In light of this, the apparent degree to which accurate identification of emotional facial 

expressions is dependent on either cerebral hemisphere may in fact be driven by top-down 

attentional biases rather than FCAs for emotional facial processing. Findings from previous 

studies that have used experimental paradigms to present stimuli below the threshold of 

conscious awareness lend support to this assumption, and generally report results in line with 

Gainotti’s suggestion of a RH dominant for implicit emotion processing. 

 

The backwards masking paradigm, which presents an irrelevant stimulus after a briefly 

shown target to inhibit participant’s awareness of the target, has provided evidence for a 



 21 

dominant RH in implicit emotion processing (Esteves & Öhman, 1993; Rolls, Tovee, & 

Panzeri, 1999). This technique reduces activity in primary visual cortex and ventral occipito-

temporal regions which have been linked to visual awareness and attention (Macknick & 

Livingstone, 1998; Noguchi & Kagigi, 2005). Two Positron Emission Tomography (PET) 

studies used backwards masked stimuli in a classic emotional conditioning paradigm. Morris, 

Öhman and Dolan (1998) showed participants angry faces and, although they were unable to 

detect the masked angry faces, comparison of the conditioned and unconditioned faces 

revealed greater activations in the right amygdala for masked faces. A second experiment by 

the same authors used a similar conditioning paradigm but compared covariance in PET data 

from masked and unmasked conditions to investigate connectivity in this region (Morris, 

Öhman & Dolan, 1999). They reported increased connectivity between the right amygdala 

and midbrain regions in masked, but not unmasked conditions, which was interpreted by the 

authors as evidence of connections in the subcortical low road. These studies also 

demonstrate selective activation of the RH during implicit emotion tasks, which is in 

accordance with the predictions of a dominant RH for implicit emotion processing (Gainotti, 

2012). 

 

A number of lateralised, affective priming experiments have also reported an RH advantage 

for processing unseen emotional content. In one experiment (Sato & Aoki, 2006), angry, 

happy and irrelevant primes were backwards masked and presented unilaterally. Participants 

indicated their level of preference for irrelevant target Korean characters. Their findings 

showed a negatively driven pattern of lateralization as participants reported reduced 

preference during LVF presentation of negative primes relative to RVF, happy and control 

prime conditions. Sato and Aoki suggested positive implicit processing may not be 

sufficiently salient to elicit significant visual half-field differences. These results specifically 
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implicated the RH in implicit emotion processing as there was no LVF advantage for any 

expression. It should be noted, however, that the relationship between participant’s 

preference for irrelevant characters and emotional facial primes may not provide a direct 

measure of affective, facial priming effects.  

 

On the other hand, LVF advantages have been reported in priming studies using expression 

identification tasks (Tamietto and de Gelder, 2008). In this experiment, three different trial 

types were used including a unilateral unmasked face, bilateral presentation of emotionally 

congruent masked and unmasked faces and a bilateral display with emotionally incongruent 

masked and unmasked faces. Importantly, Signal Detection Theory (SDT) measures 

(Macmillan & Creelman, 2004) were used in a pilot study to establish detection thresholds 

for the target stimuli independent of response bias and a presentation time of 20 ms was 

found to consistently prevent detection above chance levels. A significant RT advantage was 

reported when fearful faces were presented to the LVF, in accordance with suggestions of the 

RH being dominant for emotional facial processing.  Moreover, RTs were faster when 

unmasked and masked fearful faces were shown in opposing visual half-fields which 

demonstrated a positive influence of unseen emotional content.  

 

The consistency with which backwards masking prevents conscious awareness of masked 

stimuli has, however, been called into question (for review see Hedger, 2016). Pessoa, Japee 

and Ungerleider (2005) calculated SDT measures in a task that briefly presented participants 

with a fearful or happy target face (17 ms, 33 ms or 83 ms), followed by a neutral mask and 

asked to identify whether the target was fearful and then provide a confidence rating of their 

response. In contrast with previous studies (Whalen et al., 1998), 64% of participants could 

reliably detect the target at 33 ms and two were above chance levels when the target was 
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presented for only 17 ms, despite reporting they were unaware of the presence of any faces. 

Receiver Operatic Characteristic (ROC) curves also revealed large variation between 

participants suggesting that there is no universal objective, detection threshold for backwards 

masked emotional stimuli. This highlights the importance of using SDT as an objective 

measure of perceptual sensitivity as participants can report unawareness despite being able to 

detect ambiguous stimuli in forced-choice paradigms (Whalen et al., 1998) and the 

effectiveness of masking may fluctuate between participants.  

 

In light of this, hybrid stimuli provide an alternative to the backwards masking paradigm as 

Laeng et al. (2010) previously demonstrated with objective SDT measures that participants 

were unaware of the emotional content of the hybrid faces. Recently, hybrid faces have been 

presented with divided visual half-field technique to investigate FCAs for implicit emotion 

processing. To date, only a small number of studies have adopted this approach (Prete, Laeng 

& Tommasi, 2013a; 2013b Prete, Laeng, Fabri, Foschi & Tommasi, 2015; Innes, Kentridge 

& Hausmann, 2016). Prete, Laeng and Tommasi (2013a) conducted the first of these 

experiments and unilaterally presented angry and happy hybrid faces for 125 or 250 ms. 

Participants completed a friendliness rating task, similar to Laeng et al.’s. (2010) experiment. 

Their findings showed a significant effect of hidden emotional content with participants 

rating happy hybrids as friendlier than neutral faces and neutral faces as friendlier than angry 

hybrids. A visual half-field effect was also reported with emotional hybrids rated less friendly 

in the LVF, compared to the RVF. Prete and colleagues interpreted this finding as supportive 

of the Valence-Specific hypothesis which predicts the RH is specialised for negative emotion 

processing. As faces presented in the LVF were perceived as more negative than in the RVF, 

they suggest this represents a bias in the RH for negative processing and therefore a valence-

specific pattern of lateralisation. 
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 A later experiment by Prete and colleagues (2013b) used the same friendliness rating scale to 

assess implicit and explicit processing of hybrid and normal faces in neurologically intact and 

split brain participants. Angry and happy hybrids were presented both unilaterally and 

bilaterally for 250 ms. In contrast with their previous findings, control participants and a 

partially sectioned split brain participant, with the splenium spared, showed a RH dominance 

in bilateral presentation conditions. Specifically, participants evaluated happy and angry 

hybrids in the LVF as more and less friendly compared to RVF presentations. The bias 

towards extreme friendliness ratings for both positive and negative expressions in the LVF is 

in accordance with the RH hypothesis and a dominant RH for all emotional processing. These 

results must be interpreted with some care however, as previous studies have demonstrated 

the occurrence of saccades at durations lower than 200 ms (Carpenter, 1988; Bourne, 2008). 

Participants may therefore have initiated saccades away from fixation and towards unilateral 

targets which could mean stimuli were not primarily processed by the intended hemisphere. 

 

A final study by Prete and colleagues (2015) used hybrid faces, hybrid chimeric faces and 

inverted faces in an attempt to reconcile their previous conflicting findings. The paradigm of 

their first experiment was identical to that used in their previous studies but presentation 

times of less than 150 ms were used which rules out the possibility of confounding saccadic 

movements. A valence-driven pattern of lateralization was reported with shorter presentation 

times as faces shown in the LVF were judged as less friendly than those in the RVF. 

However, when hybrid chimeric faces were presented foveally in a second experiment, those 

with happy expressions in the left hemiface were evaluated as friendlier than all other 

combinations which is supportive of the RH hypothesis. A third experiment identical to 

experiment one tested an anterior callosotomised patient, A.P., who evaluated hybrid faces 
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presented in the LVF as less friendly than those in the RVF, again lending support to the 

Valence-Specific hypothesis. Finally, A.P. completed the task from Experiment 2 with hybrid 

chimeric faces and showed a bias towards basing friendliness judgements on the emotional 

content of the left hemiface. As presentation time, eccentricity of stimuli and task demands 

were similar across all studies, the authors concluded that heightened cognitive load may 

drive these conflicting findings. Specifically, superior performance of the RH occurred 

during bilateral presentation as a result of increased cognitive load whilst a valence-specific 

pattern of lateralisation is observed when facial stimuli are presented in isolation. A 

theoretical approach in which the RH and Valence-specific hypotheses are considered 

coexistent rather than mutually exclusive is therefore suggested by the authors and may 

partially explain the discrepant literature. The focus on a subset of the six basic emotional 

expressions means that observed differences between positive and negative emotions could 

represent differences between individual emotions rather than general FCAs for emotional 

face processing however. In addition, friendliness-rating tasks are an indirect measure of 

perception as friendliness is a complex social construct and may therefore engage different 

processes to those responsible for emotional expression perception. One study to date has 

attempted to address these issues.  

 

Innes, Kentridge and Hausmann (submitted) presented all six basic emotions as low pass, 

high pass and hybrid faces with the divided visual half-field technique and asked participant’s 

to categorise faces as emotional or neutral. Their results showed superior RTs for unfiltered 

emotional, compared to neutral faces in the LVF which is consistent with the RH hypothesis. 

Hybrid conditions again showed support for the RH hypothesis with significantly higher hit 

rates reported for emotional faces presented in the LVF. This effect, however, was observed 

in male participants only which the authors highlighted is in accordance with previous reports 
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of reduced asymmetry in females (Proverbio et al., 2006). Fewer errors were also made for 

happy hybrids compared to the other emotional expressions and this replicates previous 

findings of faster identification of happy expressions (Everhart & Harrison, 2000) and 

suggests LSFs are important for identifying this emotion. As some participants failed to 

correctly identify any hybrid faces in some conditions, the authors concluded that there was 

an insufficient pool of correct trials upon which a robust analysis of RT data could be 

conducted. This highlights a general issue with previous studies as RT data can reveal subtle 

processing differences between stimuli (Pisoni & Tash, 1974) and, in the study of FCAs, 

patterns of lateralization (Bourne, 2008).  In some experiments, RTs have proven a more 

sensitive performance measure than accuracy or response bias data alone with some authors 

reporting significant hemispheric differences in RT data only (Everhart & Harrison, 2000; 

Welsh & Elliot, 2001; Bourne, 2005; Bourne & Hole, 2006breiter). In addition, fluctuations 

in FCAs for processing each emotional expression may not be revealed by normal stimuli 

displaying emotions at full intensity due to floor (Innes et al., submitted) or ceiling effects 

(Law Smith et al.,, 2010). A previous study (Hoffman et al., 2010) reported better 

performance in females only at lower emotional intensities in a facial affect recognition task. 

Males and females, however, did not differ significantly when full intensity emotional 

expressions were used which highlights how presenting stimuli of varying intensities may 

clarify subtle differences between the LH and RH for processing individual emotional 

expressions.  

 

The present study sought to investigate whether unseen emotional content is processed faster 

or more accurately by the cerebral hemispheres and how this pattern of lateralisation 

fluctuates with each emotional expression. To investigate this question, emotional hybrid 

faces are employed in a lateralised, affective priming paradigm. Firstly, by presenting 
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emotional content in the LSF band only in the present experiments, the confounding effects 

of hemispheric differences in processing HSF and LSFs and different diagnostic SF bands for 

accurate identification of each expression are controlled for. Secondly, previous research has 

demonstrated that FCAs fluctuate as a result of top-down processing (Yamaguchi, Yamagata 

& Kobayashi, 2000), meaning apparent FCAs for processing emotional expressions may 

rather represent attentional biases. By presenting emotional content below the threshold of 

conscious awareness with backwards masking, FCAs can be investigated independently of 

top-down bias and to this end; SDT measures were calculated to objectively assess 

participant’s awareness in experiments two and three. Thirdly, a priming paradigm is used to 

investigate whether emotional content conveyed by LSFs only is sufficient to improve 

detection or categorisation of ambiguous emotional hybrids. Fourthly, as RTs have been 

demonstrated as a more sensitive measure of FCAs (Bourne & Hole, 2006; Welsh & Elliot, 

2001; Everhart & Harrison, 2000) and previous studies using hybrid stimuli have been unable 

to collect RT data due to floor effects (Innes et al., submitted), stimuli of different emotional 

intensities were used in the present experiments. 

 

The RH has been implicated in the processing of both positive and negative emotions in a 

number of behavioural studies (Borod et al., 1998; Hugdahl et al., 1993; Safer, 1981) and in 

negative emotion processing in neurophysiological studies (Adolphs et al., 1996). Support for 

the Valence-Specific hypothesis and the role of the LH, however, is less consistent (Laeng et 

al., 2010; Breiter et al., 1996; Alves et al., 2009). It is therefore predicted in the current 

experiments that a general LVF performance advantage will be reported across all 

experiments and emotional expressions. Similarly, evidence from backwards masking 

paradigms suggests the RH is dominant for implicitly processing emotional expressions 

(Esteves & Öhman, 1993; Rolls, Tovee, & Panzeri, 1999) and that the LSF band conveys this 
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information through a specialised subcortical route (Vuilleumier et al., 2003; Gainotti, 2012). 

In light of this, emotionally congruent primes are predicted to have a positive effect on 

performance across all emotion. Finally, this phylogenetically old, subcortical network is 

thought to be specialised for threat detection (Morris et al., 1998; Morris et al., 1999) and it is 

predicted that the congruency effect will be greater for fearful expressions than happy or 

fearful faces.  
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Experiment 1 

 

Previous studies have shown that emotional content conveyed by the LSF band can affect 

performance in both emotional expression identification and categorisation tasks (Sergent, 

1982; Smith & Schyns, 2009; Vuilleumier et al., 2003). There is also evidence that FCAs in 

emotion processing fluctuate as participant’s awareness of the stimuli changes (Gainotti, 

2012). This experiment sought to specifically investigate whether unseen emotional content, 

conveyed by LSFs, could improve participant’s ability to correctly identify emotional target 

hybrids as emotional. It was hypothesised that all three emotional expressions would be 

identified faster and more accurately in the LVF due to a suggested RH dominance for 

emotional, LSF and implicit processing in general (Borod et al., 1998; Keenan, Whitman & 

Pepe, 1989; Gainotti, 2012). Secondly, it was predicted that participants would perform better 

when the priming and target stimuli were emotionally congruent. This congruency effect, 

however, was expected to be most pronounced for fearful expressions as evidence suggests 

accurate identification of fear in particular is reliant on LSF information (Almeida et al., 

2013; Sato & Aoki, 2006; Yang, Cao, Xu, & Chen, 2012). Thirdly, participants were 

predicted to correctly identify fearful faces faster than happy or angry faces as the low road 

specialised for fear detection is thought to process this expression more rapidly than other 

emotions (Morris et al., 1999; Vuilleumier et al., 2003).  
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Method 

Subjects 

Thirteen individuals right-handed individuals recruited from the Durham University student 

population took part in experiment one (8 females, 5 males). Participants ages ranged from 

21-42 years (Mean ± Standard Deviation = 25.30 years ± 5.39) and all had normal or 

corrected to normal visual acuity. Participant’s hand preference was measured using the short 

version of the Edinburgh Handedness Inventory (Oldfield, 1971) and a Laterality Quotient 

(LQ) calculated by subtracting the total number of tasks completed with the left hand from 

the total number of those completed with the right hand. This score was then divided by the 

total number of tasks (10) and multiplied by 100 to give an LQ value. Positive values (+100) 

indicate a right hand bias and negative values (-100) a left hand bias with 0 representing no 

directional bias (LQ = 86.82 ± 13.52). Participants with an LQ value above 0 were classified 

as right handers and those with a value below 0, left handers. 

 

Apparatus 

The experiment was presented on a Dell notebook at a resolution of 740 x 680 pixels with a 

screen refresh rate of 60 Hz and DMDX software was used to present experimental trials and 

record participant’s responses and RTs. The presentation time of all stimuli were precisely 

measured using a light-sensitive diode connected to a millisecond accurate clock.  

 

Stimuli 

Grayscale photos of four males and four females from the Ekman and Friesen (1976) set 

displaying angry, happy and fearful expressions were used in the present experiment. These 

stimuli were morphed to 5% increments of emotional intensity with 0% representing neutral 

and 100% displaying the full intensity expression using Psychomorph software (Tiddeman, 



 31 

Burt, & Perrett, 2001). Intensities of 0%, 25%, 50% and 100% were selected for further 

image manipulation and cropped to remove inconsistent or salient vignettes. In MatLab 

software, 0% stimuli were then subjected to high-pass filtering (>7 cpi) to create a neutral 

face displaying only HSFs and the 25%, 50% and 100% intensity stimuli from the same 

individual were low-pass filtered (<7 cpi) to create stimuli displaying emotional content in 

the LSFs. The high-pass neutral and low-pass emotional faces for each individual were then 

combined in the Fourier domain and transformed to create a hybrid face (Figure 2). This 

process was repeated for all individual posers and emotions at all intensities, resulting in 72 

hybrid faces and 8 neutral faces (Mean luminance 219.23 ± .68). A masking stimulus 

composed of visual noise at middling spatial frequencies (~7 cpi) and a null stimulus were 

also created. The null stimulus was a grey rectangle that was matched in luminance to the 

average background luminance of all facial stimuli.  

 

 

 

Figure 2. An angry hybrid target at 50% emotional intensity. 
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Design                                                                                                                              

Experimental trials followed the same structure throughout experiment one (Figure 3), 

beginning with a central fixation cross, measuring 0.3 x 0.3 degrees of visual angle at a 

viewing distance of 57 cm, presented for 750-1250 ms. The fixation cross was replaced by a 

central prime presented for 50 ms which was immediately followed by the masking stimulus, 

presented for 150 ms. The final frame consisted of a target hybrid or neutral face in the LVF 

or RVF, a central fixation cross and the null stimulus in the contralateral VF, presented for 

180 ms. The inside edge of all lateralised stimuli was presented 2.5 degrees of visual angle 

from the edge of the fixation cross. Participants responded after this frame and indicated 

whether the target face was emotional by depressing the ‘H’ key or neutral by depressing the 

‘G’ key. The facial, null and masking stimuli all measured 4.2 x 5.3 degrees of visual angle at 

a viewing distance of 57 cm. Congruent trials were categorised by the prime and target 

stimulus displaying the same emotional expression and incongruent trials by a neutral prime 

and an emotional target. The priming stimuli, when emotional, were hybrid faces at 100% 

intensity whilst target emotional hybrids were evenly distributed between 25%, 50% and 

100% intensities. The prime and target stimulus always represented the same individual, 

regardless of whether trial was congruent or incongruent. 576 unique trial combinations were 

created so that each individual was shown in each VF, displaying each emotion at every 

intensity in congruent and incongruent trials at least once. Participants completed each full set 

of trials twice, resulting in 1152 overall test trials. Experimental trials were preceded by 10 

practice trials, selected randomly from the pool of experimental trials to allow participants to 

familiarise themselves with the task demands and response keys. Specifically, participants 

responded using only one hand at any time. The overall testing time for each participant was 
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approximately two hours. Trials were presented in a pseudo-randomised order with no 

expression or individual presented in the same VF in succession and participant’s starting 

response hand was also counterbalanced which meant half of participants began responding 

with their right hand and half with their left hand.  

 

 

 

 

Figure 3. The structure of a standard trial, specifically depicting an incongruent trial where 

an angry emotional hybrid at 50% intensity is presented in the LVF and primed by a neutral 

expression. 
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Procedure 

The present experiment was conducted in a quiet testing room and upon arrival; participants 

were given an information sheet to read that provided details of the experimental 

methodology and investigative aims. Participants were then offered the opportunity to ask 

any questions and, if willing, completed the consent form and Edinburgh Handedness 

Inventory (Oldfield, 1971). Following this, participants were given an instruction sheet that 

detailed the task demands throughout and were instructed to sit in a comfortable position at 

the testing station. A tape measure was then used to approximate a viewing distance of 57 cm 

and participants were reminded to try and refrain from moving their head or distorting their 

vision during the experiment. The experiment commenced with an initial instruction screen 

that informed participants of the response keys and instructed them to press the spacebar to 

begin the practice trials. After the practice trials were completed, the experiment informed 

them that the experimental trials would commence once they pushed the spacebar. When 

participants had completed a block of 288 trials, the experiment would pause and inform 

them that this was a scheduled rest period and to press spacebar when they were ready to 

continue. Overall, three rest periods were provided. At the second rest period, once 

participants had completed half of the experimental trials, an instruction screen informed 

them to switch their response hand for the remainder of the experiment. Upon completion of 

all experimental trials, they were informed by the program that the experiment had ended. 

Participants then read through the debriefing sheet and were given the opportunity to ask any 

questions. 
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Results 

Four participants were excluded from the analyses as their performance did not significantly 

differ from chance in at least 24 out of 36 conditions. The Greenhouse-Geisser correction was 

applied to degrees of freedom where the assumption of sphericity was violated and all post 

hoc tests were Holm-bonferroni corrected. 

 

Hit rates 

Hit rates were subjected to a 3x2x2x3 repeated measures analysis of variance (ANOVA) with 

target emotion (Anger,Fear,Happiness), visual half-field (Left Visual Field,Right Visual 

Field), emotional congruency (Congruent,Incongruent) and emotional intensity 

(25%/50%/100%) as within-subjects factors. Analysis revealed significant main effect of 

target emotion (F(2,16) = 17.47, p <.001, ηp
2  = .686) with significantly fewer errors made for 

happy targets compared to fear (p = .002) and anger (p = .002) and also for fear compared to 

anger (p = .036). Main effect of visual half-field (F(1,8)  = 7.77, p  = .024, ηp
2 = .493) also 

reached significance and fewer errors were made for targets presented in the RVF compared 

to LVF. A significant main effect of Intensity (F(1.24,9.94) = 44.243, p <0.001, ηp
2 = .847) 

was also reported and 100% targets were identified more accurately than 50% and 25% 

intensity targets (p < .001) and also 50% targets compared to 25% (p < .001). There was a 

significant emotion  VF interaction (F(2,16) = 4.903, p = 0.045, ηp
2 = .380) and paired-

samples t-tests (Figure 4) revealed significantly fewer errors were made for RVF 

presentations of fearful faces (56.71 ± 16.33), compared to LVF (45.02 ± 16.31), (t(8) = 3.86, 

p = .005) which was not in accordance with the experimental hypothesis that predicted an 

LVF advantage.  
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To further investigate any differences in the emotion X VF conditions, a series of one sample 

t-tests were conducted to establish if any emotions were correctly identified as emotional 

above the 50% chance level. Analysis revealed that no emotion was identified correctly in 

any VF above chance level (p > 0.05).  

 

 

Figure 4. Mean accuracy scores (Error bars represent one standard error of the mean) for 

presentation of each target emotion in the visual half-fields. (** = p ≤.005 derived from a 

paired-samples t-test, two-tailed and Holm-Holm-bonferroni-corrected). 

 

 

 

Response times 

RTs from incorrect trials and outside the 200-2000 ms window were excluded from analysis. 

Three more participants were also excluded from this analysis due to 0% hit rates in at least 

one condition1. Corresponding analysis revealed significant main effects of congruency 
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(F(1,5) = 7.69, p = .039, ηp
2 = .606) with significantly faster RTs recorded for emotionally 

congruent trials compared to incongruent trials (Figure 5) and intensity (F(2,10) = 9.64, p = 

.05, ηp
2 = .658) with fastest response times recorded for 100% targets compared to 50% (p = 

.020) and 25% (p = .022) targets. Faster RTs on emotionally congruent trials is in partial 

concordance with the predicted outcome as it was hypothesised that fearful faces would be 

identified significantly faster than happy and angry faces on congruent trials. No other main 

effects or interactions reached statistical significance. 

 

 

Figure 5. Mean reaction times (ms) (error bars represent one standard error of the mean) for 

trials with emotionally congruent and incongruent primes and targets.  
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Control Analyses 

A separate ANOVA was also computed to assess performance for neutral targets to establish 

whether congruency effects were the result of emotional content or other, general facial 

characteristics. A 2x2 repeated measure ANOVA was conducted on hit rates with VF 

(RVF,LVF) and congruency (Congruent,Incongruent) as within-subjects factors, using the 

same sample as the previous hit rate analysis2. Main effect of VF reached significance (F(1,8) 

= 6.961, p = .030, ηp
2 = .465) and participants made significantly fewer errors for neutral 

targets presented in the LVF compared to RVF which indicates superior performance of the 

RH for identifying faces in general as this effect was specific to neutral faces. No other main 

effects or interactions reached significance.  

An identical analysis performed on RT data revealed significant main effects of VF (F(1,5) = 

11.014, p = .021, ηp
2 = .688) with neutral targets identified significantly quicker in the LVF 

and congruency (F(1,5) = 8.192, p = .035, ηp
2 = .621) with neutral targets on congruent trials 

identified significantly faster than on incongruent trials.  

 

 

 

 

1Unequal samples for the RT and hit rate analysis were caused by floor effects and an identical ANOVA was 

conducted on hit rates using the same participant sample as used in the RT analysis. Main effect of VF was not 

significant in this analysis but the emotion  VF interaction remained significant and post hoc tests revealed fear 

was still identified significantly more accurately in the RVF compared to LVF. All other significant main effects 

remained the same.  

2As with the previous analysis, an identical ANOVA was conducted on the sample used in the RT data. In this 

analysis however, the main effect of VF did not reach significance. 
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Interim Discussion – Experiment 1 

Participants made significantly fewer errors when fearful targets were presented in the RVF, 

compared to LVF which contrasts the predictions of hypothesis one and a general RH 

advantage for processing all emotional expressions. Previous PET (Morris et al., 1996) and 

fMRI studies (Vuilleumier, Armony, Driver, & Dolan, 2001), however, have reported 

selective activation of the left amygdala in response to fearful expressions and it may be that 

under the current task constraints, the LH is dominant for processing fear. The predictions of 

a RH advantage for processing LSFs made by the Spatial Frequency hypothesis are also 

conflicted by the RVF advantage for fear as emotional content was conveyed in the LSF band 

only (Vuilleumier et al., 2003; Pourtois et al., 2005). As these findings violate all predictions, 

an alternative post hoc explanation is presented by the phenomenon of categorical perception. 

Categorical perception references participant’s ability to correctly identify stimuli of different 

conceptual categories better than those within the same category (Etcoff & Magee, 1992). 

Rather than FCAs for emotional processing, an RVF advantage for fearful expressions may 

be a by-product of the LH dominance for language which has been proposed to underlie 

categorical perception (Roberson et al., 2010).  

 

The significant effect of emotional congruency reported in the RT analysis partially supports 

the second hypothesis as participants were significantly faster at correctly identifying targets 

when prime and target were emotionally congruent. There was no difference in the magnitude 

of priming for each expression however, which may suggest unseen emotional content 

conveyed by LSFs facilitates performance non-discriminately across happy, angry and fearful 

expressions. Participants revealed during debriefing that they were aware of the presence of 

the priming stimulus and, as the structure of the present experiment did not allow SDT 

measures to be calculated as the priming stimuli were not presented in isolation, it cannot be 
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concluded that the congruency effect represents a positive performance effect of unseen 

emotional content processed below the threshold of conscious awareness. Despite this, 

presentation durations of 25-200 ms have previously been used in affective priming 

experiments (Sato & Aoki, 2006; Carroll & Young, 2005) and timings used in the present 

experiment are consistent with this. Participant’s subjective awareness of the priming stimuli 

may also not equate to conscious processing of the emotional content. The significant effect 

of congruency revealed by the control analysis on RT data suggests that general facial 

characteristics play a role in the priming effect observed in the hit rate analysis and previous 

studies have indeed reported face priming with neutral faces (Burton et al., 2005).   

 

The prediction of an RT advantage for fear, representing faster preferential processing, was 

not supported by the results of the present experiment as fearful faces were detected more 

accurately than angry faces, but overall performance was better for happiness compared to 

the other two emotional expressions. Greater accuracy for happy, relative to fearful and angry 

expressions has been reported by other authors (Everhart & Harrison, 2000; Ashwin et al., 

2005; Alves et al., 2009) but is in conflict with the suggestion of a rapid subconscious route 

specialised for threat detection. The categorisation task used in the present experiment may 

only provide an indirect measure of expression identification however. Studies have shown 

that the smiling mouth is the most salient feature of all facial expressions and diagnostic 

changes around the mouth region are represented mainly by LSFs (Smith & Schyns, 2009; 

Calvo, Fernandez-Martin, & Nummenmaa, 2014). These results suggest happy faces are 

more representative of emotional faces as a category due to the emotional vs. neutral 

categorisation task used in the present experiment but this task did not directly measure 

differences in participant’s ability to correctly identify each emotional expression. Therefore, 

the present results may indicate that salient happy faces are the most emotional in appearance 
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but it cannot be concluded that this also represents an advantage for explicitly identifying 

happy expressions as happy when compared to other emotions. 

 

 

 

Experiment 2 

 

Debriefing from Experiment 1 revealed participants were aware of the presence of the 

priming stimulus, meaning that unconscious processing of the emotional content of the prime 

could not be assumed. This experiment included a second experimental block that presented 

the priming stimuli in isolation to allow SDT measures to be calculated and therefore 

objectively measure participant’s degree of awareness. It was expected, based on the previous 

debriefing, that participants would be able to identify the emotion of the priming stimulus and 

that this would be reflected in d’ values significantly above chance levels. In addition, the 

emotional vs. neutral categorisation task of Experiment 1 provided only an indirect measure 

of participant’s ability to identify individual emotional expressions as it could only be 

assumed that superior performance for an expression was indicative of that emotion being 

more readily identified as emotional. To provide a more direct measure of this and investigate 

the advantage for happy faces reported in Experiment 1, an expression identification task was 

used in this experiment that required participants to indicate which expression they believed a 

target face displayed. A previous study using hybrid faces also found that the diagnostic SF 

band for accurate performance varied between a categorisation and identification task where, 

specifically, HSF information was more important in the former task, and LSF information in 

the latter (Schyns & Oliva, 1999). As LSF information has been shown to be more important 

for accurate performance in this type of task, it was adopted for the present experiment in an 
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attempt to obtain more consistent results.  The hypotheses for the present experiment were 

identical to Experiment 1 and it was therefore predicted that participants would be faster at 

correctly identifying fearful faces relative to angry and happy faces as the advantage for 

happy faces in Experiment 1 was thought to represent this expression being more 

representative of emotional faces in general. Secondly, performance was expected to be better 

on trials where the priming and target stimuli were emotionally congruent and thirdly, 

emotional and neutral stimuli were expected to be identified more accurately and faster when 

presented in the LVF. 

 

 

Method 

 

Participants 

Seven individuals (6 females, 1 male) recruited from the Durham University student 

population took part in the current experiment with an age range of 21-41 years (26.43 years 

± 6.92). Five participants were classified as right-handers whilst one participant demonstrated 

no hand preference and, one participant was classified as a left-hander (LQ = 55 ± 77.51). All 

participants had normal or corrected to normal visual acuity. 

 

Apparatus  

The current experiment was presented on the same Dell laptop in the same software as 

experiment 1. A Logitech Dual Action gamepad was used to record participant’s responses in 

place of the keyboard used in Experiment 1.  
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Stimuli 

Identical masking, null, neutral and emotional hybrid stimuli were used in the present 

experiment as in Experiment 1 but 25% intensity emotional hybrid targets were excluded. 

These stimuli were removed as participant’s hit rates were significantly below chance in 

Experiment 1 and they were therefore consistently misidentified as neutral. 

 

Design 

The current experiment was divided into two experimental blocks and the structure of 

experimental trials in the first block was identical to Experiment 1. Participants completed an 

expression identification task in both blocks that required them to decide whether a target 

face displayed happy, fearful, angry or no (neutral) emotional content. This was indicated by 

pressing response keys on the gamepad with left bumper, left trigger, right bumper and right 

trigger corresponding to happiness, anger, neutral and fear respectively. In the second block, 

however, the structure of trials was slightly different with the initial fixation cross, prime and 

mask stimuli presented identically to block one but without the final, lateralised target frame. 

Block one consisted of 768 unique experimental trials that represented every combination of 

emotion, VF, congruency, intensity and individual. Neutral targets were categorised as one of 

four emotions in the present experiment which resulted in an even number of trials with 

happy, fearful, angry and neutral targets. Incongruent trials with neutral expressions were 

primed by each emotional expression an even number of times whilst emotional targets on 

incongruent trials were always primed by neutral expressions. Block one began with 30 

practice trials that were randomly selected from the overall pool of trials and which were 

excluded from all subsequent statistical analyses. In block two, every combination of each 

individual and emotion created 144 unique trials. To calculate d’ and therefore assess 

participant’s sensitivity to the emotional content of the priming stimuli, these 144 trials were 
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completed four times to obtain a large number of trials upon which a robust SDT analysis 

could be conducted. This resulted in an overall total of 576 experimental trials in block two. 

Trial presentation order was pseudo-randomised in an identical fashion to Experiment 1 so 

that no emotion, individual or intensity was presented in the same VF in succession. The 

location of the response buttons was also counterbalanced whereby neutral and fear were 

assigned to the left bumper and left trigger respectively whilst happiness and anger were 

assigned to the right bumper and right trigger for four out of seven participants. Testing took 

approximately 2 hours to complete. 

 

Procedure 

The procedure adopted in block one was identical to Experiment 1 but upon completion of 

the first block of trials in Experiment 2, participants were instructed by the software that they 

would now only see one face presented very briefly for the rest of the experiment. They were 

also informed that they were to perform the same task as in block one and that the response 

keys were also identical. Rest periods were provided after completion of 192 cumulative 

trials in block one and after 288 trials in block two.  

 

Results 

Hit Rates 

One participant was excluded from analyses due to a 0% hit rate in one or more conditions. 

Hit rates were subjected to a 3x2x2x2 repeated measures ANOVA with emotion (Anger, 

Fear, Happiness), visual half-field (LVF, RVF), emotional congruency 

(Congruent,Incongruent) and emotional intensity (50%, 100%) as within-subjects factors. 

Analysis revealed a significant main effect of emotion (F(2,10) = 4.864, p = .033, ηp
2 = .493) 

with significantly fewer errors made for fear compared to anger (p = .009). Main effect of 
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intensity also reached significance (F(1,5) = 204.188, p <.001, ηp
2 = .976) with 100% targets 

identified significantly better than 50%. The interaction of emotion  VF reached 

significance (F(2,10) = 6.007, p = .019, ηp
2 = .546) and paired-samples t-tests showed that 

fewer errors were made when happy targets were presented in the LVF (66.67 ± 13.85)  

compared to RVF (61.11 ± 17.02) although this was not significant post correction. It was 

predicted that all emotional expressions would be identified more accurately in the LVF and 

this finding therefore is in only partial accordance with the stated hypothesis. The interaction 

of emotion  congruency also reached significance (F(2,10) = 7.281, p = .011, ηp
2 = .593) 

and paired-samples t-tests revealed happy targets were identified significantly less accurately 

when primed with happy (58.85 ± 17.13), compared to neutral faces (68.92 ± 13.98) , (t(5) = 

-3.932, p = .011) (Figure 6). Contrary to the expectation of a positive effect of emotional 

congruency, this interaction demonstrates a negative effect of congruency whereby similar 

priming stimuli resulted in decreased accuracy. 

 

A series of one sample t-tests were conducted on the mean hit rates of each emotion x VF 

condition to further explore any differences in performance for identifying each emotion in 

each VF. Chance level was set at 25% as this task was an identification task with four 

possible responses. The results revealed that each emotion was identified significantly above 

chance in both the RVF and LVF (p < 0.05).  
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Figure 6. Mean hit rates (%) for each target emotion on trials where they were primed with 

an emotionally congruent stimulus and an incongruent, neutral stimulus (Error bars represent 

one Standard error of the mean). 

 

 

Response times 

Response times from incorrect trials and outside of the 200-2000 ms window were excluded 

from analysis. Corresponding analysis revealed significant main effects of congruency 

(F(1,5) = 83.576, p <.001, ηp
2 = .944) with significantly faster response times recorded on 

emotionally incongruent trials compared to congruent trials and intensity (F(1,5) = 19.797, p 

= .007, ηp
2 = .798) with faster response times recorded for 100% targets compared to 50%. A 

significant interaction of congruency  intensity was also revealed (F(1,5) = 41.557, p < .001, 

ηp
2 = .893). Paired-samples t-tests (Figure 7) showed that RTs for 50% intensity targets on 
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emotionally congruent trials were significantly slower (1103.53 ms ± 110.53) than 

incongruent trials (945.75 ms ± 107.67), (t(6) = 7.278, p <.001) which is not in accordance 

with predictions of a positive congruency effect.  

Figure 7. Mean reaction times (ms) for 50% and 100% intensity emotional targets on 

congruent and incongruent trials (Error bars represent one Standard error of the mean). 

 

Control analyses 

An identical analysis to experiment one was performed on hit rate and RT data. Neither the 

hit rate (Maximum F = .493, p > .514) or RT analysis (Maximum F = 2.268, p > .192) 

produced any significant main effects or interactions.  
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Signal detection measures 

To objectively investigate participant’s sensitivity to the emotional content of the priming 

stimuli, independently of response bias, d’ values were calculated for each participant based 

on their results from block two. d’ was calculated using Equation 1 (Macmillan & Creelman, 

2004) and for the purpose of analysis, trials presenting emotional primes were treated as 

signal trials and those presenting neutral primes were treated as noise trials. 

 

d'  = [ z(Hit Rate)-z(False Alarm Rate) ]    (Equation 1) 

 

A one sample t-test was conducted to assess whether d’ values differed significantly from 

zero, as zero indicates performance at chance levels. The results showed that d’ values (2.25 

± .50, Minimum d’ = 1.86, Maximum d’ = 3.13) were significantly greater than zero (t(6) = 

12.993, p <.001) which suggests participants could reliably detect the emotional content of 

the priming stimuli.  

 

 

 

 

 

Interim Discussion – Experiment 2 

There was evidence of FCAs in the present experiment but after Holm-Bonferronni 

corrections were applied, these were not significant. Definitive conclusions cannot therefore 

be drawn from these results but there is evidence of a trend in the data. Specifically, happy 

faces were identified better when they were presented in the LVF compared to RVF. This is 

in line with the predictions of hypothesis one, that predicted a general RH advantage for all 
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emotions and also with the RH hypothesis that predicts the RH is dominant for processing all 

emotional expressions (Borod et al.,1998). As the LVF advantage was limited to happy faces, 

the predictions of the Valence-Specific and Approach-Avoidance hypotheses are contrasted 

here as both of these models predict the LH would preferentially process happiness due to 

specialisation for positive and approach emotions, respectively (Wedding & Stalans, 1985; 

Harmon-Jones, 2004). 

 

In contrast with the predicted positive effect of emotionally congruent priming and target 

stimuli, happy primes shown before happy targets had an adverse effect on participant’s 

accuracy. Participant’s performed significantly worse on congruent trials displaying happy 

targets compared to incongruent trials, which is in conflict with previous affective priming 

studies (Sato & Aoki, 2006). Importantly, no significant results were obtained from the 

control analysis for neutral faces which suggests that this effect is driven by emotional 

content as opposed to priming by general facial characteristics. A possible explanation for 

this can be found from studies demonstrating contrast effects, which refer to unrelated primes 

facilitating identification of unambiguous targets due to the increased perceived salience of a 

target when compared with an incongruent prime (Herr, Sherman, & Fazio, 1983). The 

finding that adverse performance effects of congruency were limited to happy expressions 

also lends support to this idea as happiness is considered the most salient emotional 

expression due to the characteristic smiling mouth and may therefore be considered most 

different from neutral expressions. 

 

The prediction of an advantage for identifying fearful faces is partially supported as the hit 

rates demonstrated a significant advantage for processing fear compared to anger. Although 

this indicates advantageous processing of fearful faces, it was specifically predicted that 
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fearful expressions would be processed faster than all other emotional expressions as 

previous authors have suggested a subcortical route is specialised for rapidly detecting this 

emotion specifically (Vuilleumier et al., 2003). Superior accuracy may still indicate an 

advantage for processing fear relative to other emotional expressions and previous findings 

lend support to this assumption (for review, see Vuilleumier, 2005).   

 

The analysis of d’ values revealed that participants could reliably identify the emotional 

content of the priming stimuli. This confirms assumptions from Experiment 1 insofar as the 

paradigm used in the present experiment did not prevent participant’s awareness of the prime. 

It also indicates that sufficient processing occurred for accurate identification of priming 

expressions As a result, the effect of the priming stimuli on participant’s performance cannot 

be attributed to implicit processing but this does align with previous studies reporting rapid 

processing of affective information in backwards masking paradigms (Pessoa et al., 2005). 

Participants may have been more proficient at identifying the emotional content of the primes 

in block two compared to block one however. Trials in block one presented target stimuli 

after the prime and participants were required to respond to this target. In block two however, 

the target stimuli were absent. It is speculated that the conditions for detecting emotional 

content were therefore optimised in block two as there was no interference from target stimuli 

and participant’s sensitivity to the primes may have been reduced in block one as a result. An 

alternative explanation for participant’s above chance d’ values may be presented from 

previous studies investigating rates of luminance decay on different types of computer 

monitors. The timings and masking procedures were consistent with previous priming studies 

so the finding that LCD Dell monitors are prone to inconsistent timings when displaying 

different colours (Ghodrati, Morris & Price, 2015), this may have resulted in stimuli being 

displayed longer than anticipated in the present experiment.   
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Experiment 3 

 

Based on the findings from the SDT analysis in Experiment 2, it was confirmed that 

participants were able to detect the emotional content of priming stimuli. As a result, 

Experiment 3 aimed to present the priming stimuli below the threshold of conscious 

awareness by creating a new masking stimulus and reducing the presentation duration of the 

priming stimulus whilst increasing the duration of the masking stimulus. In light of the 

findings from Experiment 2, the present experiment was also conducted to evaluate any 

performance differences when participants are aware and unaware of a prime in the same 

expression identification task. The adverse effect of emotional congruency in experiment two 

was suggested as being caused by contrast effects resulting from visible priming stimuli, and 

it was therefore predicted that a positive priming effect would be observed for all three 

emotional expressions. In addition, it was again predicted that participants would be faster at 

correctly identifying fearful, compared to happy and angry, emotional hybrid targets and that 

all emotions would be identified better in the LVF.   

 

Method 

Participants 

Six right-handed individuals (3 females, 3 males) recruited from the Durham University 

student population took part in experiment two with an age range of 19-31 years (24.33 years 

± 5.35). Participants all displayed a right hand preference (LQ = 87.71 ± 30.08) and had 

normal or corrected to normal visual acuity. 

 

 

 



 52 

Apparatus 

The same Dell Laptop was used to present the current experiment in the same software as in 

Experiments 1 and 2. 

 

Stimuli 

In order to investigate whether a masking stimulus more similar to the priming stimulus 

would be more efficient at preventing participant’s awareness, a new masking stimulus was 

created for the present experiment. The mask used in Experiments 1 and 2 was composed of 

middling spatial frequencies and as emotional content was conveyed in the LSFs only by the 

testing stimuli, the middling range of SFs may have failed to prevent awareness of the 

emotional content in the emotional primes. Also, it has been suggested that the more similar a 

masking stimulus is to the stimulus presented before it, the more effective the perceptual 

disruption (Hedger, 2016). A new mask was therefore created which was formed from a 

template of other neutral faces to more closely match the low-level features of the priming 

stimulus. The mask used in the present experiment was created in MatLab by swapping 

20x20 pixel areas of each individual displaying a neutral expression (Figure 8). These areas 

were rotated and placed randomly on the template and the edges of the overlain sections 

blurred to prevent hard, salient sections of the face being visible. The average luminance of 

the mask was also then matched to the average luminance of all priming stimuli. All other 

experimental stimuli were identical to those used in Experiment 2.  
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Figure 8. Masking stimulus created through combining sections of all individuals displaying 

a neutral expression.  

 

Design  

The design of the present experiment was identical to Experiment 2 apart from the 

presentation durations of the prime and masking stimuli. Specifically, the duration of the 

prime was reduced from 50 ms to 32 ms and the duration of the masking stimulus was 

increased from 150 ms to 180 ms.  

 

Procedure 

An identical experimental procedure was followed in the present experiment as detailed for 

Experiment 2 

 

 

 

 



 54 

Results 

The analyses computed in the present experiment were identical to Experiment 2. 

 

Hit rates 

Analysis revealed a significant main effect of emotion (F(2,8) = 7.096, p = .017, ηp
2 = .640) 

with significantly more errors made for angry targets compared to happy (p = .025) and 

fearful targets (p = .009) (Table 1). This effect was partially predicted by the experimental 

hypothesis as fear was identified more accurately than anger but identification of fearful faces 

was also expected to be significantly more accurate than happy faces. Main effect of intensity 

(F(1,4) = 483.765, p <.001, ηp
2 =  .992) also reached significance with 100% targets 

identified significantly more accurately than 50%. The interaction of VF  intensity (F(1,4) = 

28.316, p <.006, ηp
2 = .876) reached significance and paired-samples t-tests were conducted 

to further explore this interaction. It was revealed that 50% intensity targets presented in the 

RVF (30.17 ± 9.29) were identified worse than 50% targets presented in the LVF (34.48 ± 

7.11) although this was not significant post correction.  

 

An analyses identical to that described in experiment 2 was conducted on the emotion x VF 

conditions to explore differences in identifying each emotion in each VF. A series of one 

sample t-tests were computed and chance was again set at 25%. The analysis revealed that 

fear was identified significantly above chance in both the RVF (t(4) = 10.806, p < 0.001) and 

LVF (t(4) = 8.089, p = .001). Happiness was also identified above chance level in both the 

RVF (t(4) = 3.921, p = .017) and LVF (t(4) = 6.520, p = .003). Anger, however, was 

identified above chance in the LVF (t(4) = 2.860, p = .046) but not in the RVF (t(4) = 2.488, 

p = .068) which suggests the RH is more accurate in the identification of anger.  
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Figure 9. Mean hit rate (% correct) for 50% and 100% intensity emotional targets presented 

in the LVF and RVF (error bars represent one standard error of the mean).  

 

Response times 

Corresponding analysis revealed significant main effects of emotion (F(2,8) = 23.196, p 

<.001, ηp
2 = .853) and congruency (F(1,4) = 13.460, p = .021, ηp

2 = .771). Pairwise 

comparisons revealed happiness was correctly identified significantly faster than anger (p = 

.002) or fear (p = .017) (Table 1) and RTs were also significantly faster on emotionally 

incongruent trials compared to congruent trials which was not in accordance with predictions 

of reduced RTs on emotionally congruent trials. A significant interaction of emotion  

intensity was also revealed (F(2,8) = 23.059, p <.001, ηp
2 = .852) and paired-samples t-tests 

showed that angry targets at 50% intensity (891 ms ± 73.87) were identified faster than angry 

targets at 100% intensity (957.83 ms ± 71.14) but this was not significant post correction.  



 56 

Figure 10. Mean reaction times (ms) for trials with each target emotion and at 50% and 

100% intensities (error bars represent one standard error of the mean).  

 

Control analyses 

The hit rate analysis revealed no significant main effects or interactions (Maximum F = .590, 

p > .485). The RT analysis, however, revealed a significant main effect of congruency (F(4,1) 

= 11.542, p = .027, ηp
2 = .743) and neutral targets were correctly identified significantly 

faster when primed with emotional (785.20 ms ± 63.53) compared to neutral faces (860.62 

ms ± 50.82).  

 

 

Signal detection measures 

To investigate the effectiveness of the altered priming and masking procedures adopted in the 

present experiment and therefore participant’s awareness of the priming stimuli, d’ values 

were calculated for each participant.  Participants d’ values (.59 ± .62, Minimum d’ = -.33, 
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Maximum d’ = 1.33) did not differ significantly from chance (t(5) = 2.143, p >.05) which 

indicates, on average, participants were not able to detect the emotional content of the 

priming stimuli and were therefore not aware of its presence.   

 

Interim Discussion – Experiment 3 

Firstly, the analysis of d’ values revealed that the procedural adaptations made to the current 

experiment based on the d’ values obtained in Experiment 2 being significantly above chance 

were sufficient to prevent participant’s awareness of the priming stimulus. Specifically, d’ 

values in the current experiment did not significantly differ from chance levels which means 

participants were unable to detect the emotional content of the priming stimuli. As a result, 

any effects of congruency are likely to represent modulation of performance by implicit 

processes. 

 

The prediction that all emotional expressions would be identified significantly better when 

presented in the LVF was not supported after Holm-bonferroni corrections were applied and 

no VF advantages were reported in either the hit rate or RT analyses. Despite this, a trend 

was revealed by the significant VF  intensity interaction whereby 50% targets were 

identified more accurately in the LVF compared to RVF. 50% targets were emotionally 

ambiguous and therefore, the greater accuracy of the RH for correctly identifying the 

emotional content of these stimuli regardless of valence is in accordance with the predictions 

of the RH hypothesis. Similarly, angry expressions were identified significantly above chance 

in the LVF only. Previous studies have suggested the RH may be more sensitive to emotional 

expressions in general (Natale, Gur, & Gur, 1983) and these results are in line with this 

suggestion. 
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Hit rate analysis revealed participants made significantly fewer errors for fearful and happy 

expressions compared to angry. No differences between fear and happiness processing were 

evidenced however and this conflicts with predictions of superior identification of fearful, 

relative to happy and angry targets. Similarly, this advantage was predicted for RT data but 

there were no significant differences between fear and the other emotional expressions. There 

is however, a significant advantage in both accuracy and RT data for happy expressions 

which suggests this expression, rather than fear, is identified faster using emotional 

information conveyed in the LSFs. Previous studies have also reported an advantage for 

processing happy expressions (Kirouac & Doré, 1983; Ladavas et al., 1980) and this may be 

driven by salient, configural changes specific to happy faces (Calvo, Fernandez-Martin, & 

Nummenmaa, 2014). 

 

The third hypothesis that predicted a positive effect of emotionally congruent primes was also 

rejected in the current experiment as emotional congruency had an adverse effect on 

participant’s performance. Specifically, participants were significantly faster at correctly 

identifying emotional targets when they were primed with neutral faces. This suggests that 

participant’s awareness of the emotional content of the priming stimuli does not modulate the 

adverse effect of emotionally congruent information. It should be noted, however, that the 

control analysis conducted on RT data revealed an adverse congruency effect as well. It is 

therefore possible that poorer performance on emotionally congruent trials is resultant from 

general facial characteristics such as gender or perceptual configurations, which have 

previously been shown to elicit priming effects (Vanmarcke & Wagemans, 2017; Bowers, 

2000).  
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General Discussion 

The present experiments sought to investigate whether unseen emotional content conveyed 

by LSFs could improve subsequent performance in an emotional identification or 

categorisation task. Facilitation in this fashion would imply that emotional expressions can be 

processed in the absence of awareness and are therefore an important category of stimuli 

prioritised for rapid, unconscious processing. Secondly, FCAs for emotional face processing 

have been suggested to fluctuate as a function of awareness with the current study predicting 

the RH to be dominant due to receiving the most consistent support in the literature. The 

present experiments therefore manipulated the visibility of testing stimuli to clarify the 

contributions of each hemisphere to processing individual emotional expressions. Thirdly, it 

was predicted that fearful expressions would demonstrate a performance advantage as it has 

been suggested they are processed preferentially compared to other emotional expressions by 

a subcortical visual pathway specialised for LSF information. The current experiments 

presented emotional information confined to this SF band to further investigate this claim. 

 

Fearful expressions were identified more accurately than angry expressions in the 

identification task used in Experiments 2 and 3, which is in line with the current experimental 

hypothesis and previous studies (Juncai, Jing, & Rongb, 2016), but performance for 

identifying anger and fear has most commonly been equivalent (Innes et al., submitted; Alves 

et al., 2009). This discrepancy between the current study and a similar experiment conducted 

by Innes et al. may be driven by the experimental stimuli used. In Innes et al.’s experiment, 

stimuli were gender-averaged and visually manipulated to remove imperfections and noise, 

whereas the current experiments used the original gendered individuals from the Ekman and 

Friesen (1976) set. A recent study demonstrated that female and male posers displaying the 

same emotion are evaluated differently and specifically, male faces are perceived as angrier 
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and female faces as happier (Harris, Hayes-Skelton, & Ciaramitaro, 2016). It is important to 

note that results from studies using emotional hybrid faces have also reported a bias for 

identifying male faces as angrier and female faces as more positive (Prete et al., 2015; 

2013a). In light of these findings, male posers used in the current experiment may have been 

misidentified as angry, causing the significant advantage for fear whilst the gender-averaged 

stimuli used in Innes et al.’s study were not subject to this bias.  

 

The categorisation task of Experiment 1 however, revealed that happiness was identified 

more accurately than both fear and anger which is not in accordance with the experimental 

hypothesis. Similarly, there were no significant differences between identification of happy 

and fearful expressions in Experiments 2 and 3. Superior accuracy for identifying happy 

expressions has been documented in other studies (Everhart & Harrison, 2000; Ashwin et al., 

2005; Alves et al., 2009; Innes et al., submitted) and may not conflict with the suggestion of a 

subcortical route, specialised for rapid detection of fearful stimuli as it is assumed the 

processing advantage would be reflected in RT data (Vuilleumier et al., 2003). 

 

 The RT data does not support this assumption as significant differences between emotions 

were observed in Experiment 3 only and happiness was identified significantly faster than 

both fear and anger. An RT advantage has been demonstrated for happy faces in previous 

studies (Hugdahl et al.,1993; Harrison & Corelczenko, 1990; Wells, Gillespie, & Rothstein, 

2016) and a recent meta-analysis also reported a general advantage for processing happy 

faces in studies that used both RT and accuracy as dependent measures (Nummenaa & Calvo, 

2015). This advantage may be driven by the salience of diagnostic changes around the mouth 

region that are specific to this expression (Calvo & Nummenmaa, 2008; Calvo, Fernandez-

Martin, & Nummenmaa, 2014). Importantly, this configural change is represented in the LSF 
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band and as emotional content was isolated to LSFs in all emotional facial stimuli in the 

current study, this suggests the RT advantage for happiness was resultant from salient 

changes conveyed by LSFs (Fernandez-Martin, & Nummenmaa, 2014). In accordance with 

this, LSFs have been consistently reported as diagnostic for identifying happy expressions 

(Kumar & Srinivasan, 2011; Srinivasan & Hanif, 2010; Srinivasan & Gupta, 2010) whilst 

HSF and middling SFs have been implicated for accurate identification of fear and anger 

(Smith & Schyns, 2009; Comfort et al., 2013). This finding has recently been replicated using 

an adaptation paradigm (Prete, Laeng, Tommasi, 2016). In this study, emotional faces and 

emotional hybrids underwent spatial frequency filtering. Participants were presented with 

filtered, unfiltered or hybrid adapting stimuli and then asked to rate the friendliness of a 

neutral face. The findings were concordant with the aforementioned studies (Kumar & 

Srinivasan, 2011; Comfort et al., 2013) as angry faces were shown to exert stronger 

aftereffects when filtered to preserve only middling-HSF information which implicates this 

band in the processing of fearful expressions. These results contrast with a proposed 

subcortical low road specialised for rapid detection of threat-related stimuli conveyed by 

LSFs and rather suggests perceptual salience, represented in the LSFs, may be the 

determining factor in processing differences between emotions.  

 

Although the perceptual salience of happy faces may contribute to the processing advantage 

observed in the current and previous experiments, a study by Svärd, Wiens & Fischer (2012) 

observed an advantage for detecting happy faces at 7 different presentation durations ranging 

from 17-267 ms. It is assumed that rapid, low-level processing at shorter durations is reliant 

on processing salient configural changes but that the degree of high-level processing 

increases with the presentation duration (Svard et al., 2012). Happy faces are encountered 

more regularly than other expressions in daily life and this exposure has been suggested to 
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result in a general detection advantage (Öhman et al., 2001; Calvo et al., 2014). The parallel 

distributed processing model conceptualised by McClelland & Rumhelhart (1981; 1982) 

suggests accurate perception is driven by an inter-related, distributed network of processing 

nodes that are specialised for detecting specific classes of stimuli. Accurate identification of 

stimuli requires matching a visual percept with stored semantic knowledge and these diverse 

stores form the basis of the processing nodes in parallel distributed processing model 

(Warrington & Taylor, 1978). Processing nodes are thought to operate as a function of 

neuronal activation thresholds whereby accurate detection is achieved once sufficient visual 

inputs are processed to exceed this threshold. Importantly, these activation thresholds are 

variable and can be lowered as the connections between nodes are strengthened, a process 

which is driven by repeated exposure to stimuli (McClelland & Rumelhart, 1981). The 

superior performance for identifying happy faces in the current experiments may therefore be 

driven by a greater degree of exposure to happy, relative to angry and fearful, expressions 

and consequently lower activation thresholds for processing nodes in the semantic network 

(Rumelhart, Hinton, & McClelland, 1986).  

 

The congruency of the prime and target stimuli also significantly affected performance across 

all three experiments and specifically, RTs were significantly faster in Experiment 1 when 

primes and targets were emotionally congruent which conforms to the experimental 

hypothesis. This demonstrates a positive effect of emotional content conveyed by LSFs in the 

priming stimulus which is consistent with previous demonstrations of positive priming effects 

using expressive facial stimuli (Carroll & Young, 2005) and also LSF filtered expressions 

(Phaf, Wendte, & Rotterveel, 2005). The RT data for neutral faces however, revealed an 

identical congruency effect whereby neutral faces were correctly categorised as neutral 

significantly faster when primed with neutral faces, compared to emotional. This raises the 
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possibility of priming by general, facial characteristics as opposed to affective information.  

Perceptual priming, for example, occurs when subsequent identification of a target is 

facilitated by primes that are similar in form and which are presented in the same sensory 

modality (Bowers, 2000). Alternatively, previous studies have also demonstrated a significant 

congruency effect of gender in priming paradigms (Vanmarcke & Wagemans, 2017). As the 

gender of the prime and target stimuli were always congruent and a control task was not used 

to explicitly test this, it is possible that congruency effects were facilitated by gender.  

 

In contrast with Experiment 1, Experiments 2 and 3 revealed adverse priming effects in both 

RT and hit rate data. As d’ values were significantly above chance for detecting the emotional 

content of the priming stimuli in Experiment 2 however, this may represent conscious 

processing of the prime. A previous study reported dissociation between positive and 

negative priming effects which fluctuated with participant’s level of awareness of the prime. 

Specifically, negative priming was reported for participants who reported awareness whilst 

those who reported unawareness showed positive priming (Lombardi, Higgins & Bargh, 

1987). The authors suggested participants who perceived the prime demonstrated flexibility 

in their categorisation decisions whilst those who were unaware showed automatic attention 

capture, resulting in inflexible categorisation that was in accordance with the priming 

stimulus. However, this explanation may not be sufficient as it was shown by analysis of d’ 

values in Experiment 3 that participants were on average, not aware of the emotional content 

of the prime.   

 

An alternative explanation is provided by the conceptualisation of contrast effects which refer 

to the same adverse effect of emotionally congruent information, but suggest implicit 

regulation of emotional responses underlies poorer performance in incongruent trials (Glaser 
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& Banaji, 1999). It is theorised that when priming stimuli are particularly representative of a 

specific category, in the case of the present experiments this would be the primes displaying 

100% emotional intensity, an automatic correction response occurs (Strack et al., 1993). This 

correction response is thought to result from participants implicitly processing the potential 

bias of a salient priming stimulus which then affects subsequent appraisals of the target 

stimulus and correction responses are then overcompensated, leading to the contrast effect 

(Stapel et al., 1998). Glaser and Banaji (1999) claim that participant’s motivation to perform 

accurately is a determining factor in the magnitude of contrast effects and this may explain 

the differences observed in congruency effects between Experiment 1 and Experiments 2 and 

3. The difficulty of the expression identification task used in Experiments 2 and 3 was likely 

greater than the categorisation task of Experiment 1 as participants were only required to 

indicate the presence of emotional content, non-discriminately, in the latter task. The 

identification task, however, required participants to identify the specific emotional 

expression. It is speculated here that the increased task difficulty resulted in a greater degree 

of accuracy motivation in experiments two and three and therefore caused the observed 

pattern of contrast effects. 

 

A pattern of differential performance between the categorisation and identification tasks was 

also observed in terms of visual half-field advantages and therefore, FCAs. An unpredicted 

RVF advantage was recorded in hit rates for fearful faces in the categorisation task which is 

not predicted by the RH, Valence-Specific or Approach-Avoidance hypotheses. This also 

contrasts with previous neurophysiological (Adolphs et al., 1996; Borod et al., 1986), divided 

visual half-field (Alves et al., 2011; Stafford & Brandaro, 2010) and chimeric faces studies 

(Bourne, 2010) that have reported a RH advantage for processing fearful expressions. 

Categorical perception may offer a rudimentary explanation of this RVF advantage as 
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previous authors have suggested the LH may play a larger role than predicted by lateralised 

emotional processing models as a result of dominance for linguistic categories necessary for 

accurate identification (Etcoff & Magee, 1992; Roberson et al., 2010). Despite this, it is 

unclear why this phenomenon would manifest as an RVF advantage for fearful expressions 

alone in Experiment 1 as all emotional expressions should have been subject to the same 

degree of bias. Similarly, if the LH was exerting a confounding effect due to the involvement 

of language, it would be expected that an RVF advantage would be greater in magnitude in 

the expression identification tasks used in Experiments 1 and 2 as accurate performance in 

this task required matching the facial expressions to specific, linguistic subcategories.  

 

Alternatively, there is evidence that the LH preferentially processes salient changes 

associated with fearful expressions and this may suggest the RVF advantage for fear is in fact 

driven by FCAs for processing specific facial changes. An fMRI study by Hardee, Thompson 

& Puce (2008) found that the left amygdala was selectively activated in response to fearful 

expressions and importantly, this effect was primarily driven by increases in the size of the 

white sclera of the eyes. This is in accordance with previous studies reporting modulation of 

amygdala activation in response to luminance changes in the eye region (Whalen et al., 

2004). Following this, the RVF advantage documented in Experiment 1 may be 

representative of specialisation of the left amygdala for processing changes in the sclera of 

the eyes, rather than a LH dominance for processing fear. Laeng et al. (2010) reported that 

LH damage resulted in disrupted processing of fearful and sad emotional hybrids which 

further implicates the LH in processing fear.   

 

In contrast, however, evidence of RH specialisation was reported in the categorisation task 

but post hoc tests were not significant after corrections were applied and further investigation 
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is therefore required to clarify these trends. The hit rate data from Experiment 2 showed a 

trend of superior identification of happy faces in the LVF, which is consistent with previous 

divided visual half-field studies using shorter presentation (Alves et al., 2009; Everhart & 

Harrison, 2000; Innes et al., submitted). A trend was also observed in Experiment 3 whereby 

50% intensity targets were identified more accurately in the LVF, than RVF which implicates 

the RH in emotion processing as performance for targets presented in each visual half-field 

did not fluctuate by emotional valence or motivational behaviours induced by target stimuli. 

In Experiment 3 the RH advantage for processing emotionally ambiguous stimuli may reflect 

a greater sensitivity of the RH to emotional expressions in general (Natale, Gur, & Gur, 

1983). The opposing pattern of FCAs between Experiment 1 and Experiments 2 and 3 is 

likely driven by task demands as the methodologies of Experiment 1 and 2 differed in this 

aspect. The LH advantage for fearful expressions in Experiment 1 may therefore represent the 

greater importance of identifying salient changes in the sclera of the eye for categorising 

fearful expressions as emotional. An LH advantage for fear would be predicted across all 

three experiments if this hemisphere did preferentially process this emotion, but this was not 

evidenced. 

 

A hypothesis proposed by Shobe (2014), however, may partially reconcile these findings. It is 

suggested in this review paper that the LH and RH are both capable of processing positive 

and negative emotions but the LH relies on information transferred via the corpus callosum 

from the RH and performs subsequent higher order operations on this information. On the 

other hand, the RH processes emotional stimuli at a lower, perceptual level. As the 

differences in patterns of lateralisation occur only between experiments using the 

categorisation and identification tasks, the separate tasks may have invoked different forms of 

processing which resulted in the opposing FCAs. The finding that 50% intensity targets 
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trended towards more accurate identification when presented in the LVF is in keeping with 

this theory due to the suggested role of the RH in low-level analysis. Similarly, if superior 

recognition of happy faces specifically is driven by recognising familiar, salient changes, the 

RH would again be predicted to perform better. Insofar as the LH advantage observed for fear 

in the categorisation task, higher-order, linguistic operations may be implicated to a greater 

extent than in the identification task. Alternatively, general emotionality decisions may 

engage the LH through regulation of affective experiences as evidence suggests the LH is 

crucial in regulating emotional experiences (Greenberg, 2007).  

 

Experiments 2 and 3 do, however, contribute to the trend observable in the literature whereby 

studies presenting stimuli for longer than 200 ms (Reuter-Lorenz & Davidson, 1981; Jansari 

et al., 2011) have generally reported results in favour of the Valence-Specific hypothesis 

compared to those using presentation times of less than 200 ms that generally support the RH 

hypothesis (Safer, 1981; Innes et al., submitted). The present findings are therefore in line 

with suggestions of rapid processing of LSF information underlying these observed patterns 

of lateralisation (Sergent, 1981). Other studies using hybrid faces and the divided visual half-

field technique have reported a valence-specific pattern of lateralisation with tachistoscopic 

presentation times however (Prete et al., 2013; Prete et al., 2015). A possible explanation for 

this discrepancy may be the task used in these studies as participants were asked to rate the 

friendliness of hybrid faces whilst explicit measures of emotionality were used in the current 

study, and a previous study that also reported a RH advantage (Innes et al., submitted).  

 

To compare the unconscious RH (Gainotti, 2012) and RH hypotheses (Borod et al., 1998), it 

is necessary to consider the effects of congruency and VF together. The unconscious RH 

hypothesis would be supported if congruency effects varied as a function of the visual half-
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field the target stimuli were presented in. Specifically, congruent or incongruent trials would 

have a greater effect on performance when targets were presented in the LVF as the prime 

was presented centrally and thus, the emotional content was available to both hemispheres. 

However, the results from Experiments 2 and 3 indicated the emotional content of the 

priming stimulus, which was presented below the threshold of awareness, did have a 

significant effect on performance, albeit not in a lateralised fashion. The RH hypothesis is 

instead supported as there was a trend of more accurate performance for targets presented in 

the LVF, regardless of the degree of emotional congruency between the prime and target. 

Many of the studies included in Gainotti’s (2012) review used backwards masking paradigms 

(Morris et al., 1998; Morris et al., 1999) without objective measures of awareness and it is 

therefore possible that RH advantages observed in these studies are driven by conscious 

perception of stimuli.  

 

The present experiments collectively demonstrate that emotional content conveyed by LSFs 

and presented below the threshold of conscious awareness are processed sufficiently to affect 

performance. These findings contribute to a growing literature suggesting emotional 

expressions (Leknes et al., 2013; Vuilleumier et al., 2013), and salient stimuli in general can 

be processed in the absence of awareness (Merikle et al., 2001). An interesting question is 

raised by these findings; what facilitates participant’s ability to process emotional 

information when they are unaware of its presence? One proposal is the existence of a 

subcortical visual route, termed the “low road”, although this is contested in the literature (for 

review, see Pessoa & Adolphs, 2008). The low road model posits that numerous subcortical 

structures including the pulvinar, superior colliculus and amygdala are anatomically 

connected to primary visual areas (Vuilleumier et al., 2003). A subcortical route for visual 

information proves interesting for the study of implicit emotion processing due to the 
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different information conveyed by cortical and subcortical routes. Parvocellular pathways 

primarily convey HSF information rapidly whilst magnocellular pathways convey LSF 

information more slowly (Derrington & Lennie, 1984’ Goffaux et al., 2011). Due to the fact 

that parvocellular channels are exclusive to cortical routes, the subcortical pathway would be 

facilitated by magnocellular channels (Vulleumier et al., 2003; Livingstone & Hubel, 1988) 

and would convey LSFs only. Relating this anatomical knowledge to the findings from the 

current and previous experiments, the low road offers a rudimentary, theoretical explanation 

for implicit emotion processing. 

 

Early, indirect evidence for the low road is provided from previous studies with individuals 

who have undergone surgery to disconnect the corpus callosum fibre bundle that connects the 

two cerebral hemispheres as a treatment for severe epilepsy (Wagenen & Herren, 1940). 

Complete transection of the corpus callosum results in two, functionally independent 

hemispheres, providing a unique opportunity to investigate the individual contributions of the 

LH and RHs to a range of cognitive tasks. A number of experiments have shown that split-

brain patients can complete tasks that require integration of information presented in both 

hemifields (Sergent, 1987; Corballis & Sergent, 1992; for review see Corballis, 1995). In the 

absence of communication between the cortices of the LH and RH, authors have suggested 

that intact subcortical structures located in both hemispheres and connections to visual areas 

could facilitate split-brain performance. The low road has also been proposed as a facilitator 

for the residual visual abilities observed in blindsight patients. These “blindsight” patients 

retain a degree of visual processing following damage to primary visual areas but report no 

conscious awareness of the stimuli being presented in their blind fields (Danckert & Goodale, 

2000; Kentridge, Heywood, & Weiskrantz, 1999). Basic visual abilities, such as orientation 

discrimination and texture perception (Weiskrantz, Warrington, Sanders, & Marshal, 1974; 
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Sahraie et al., 2010), have been demonstrated in blindsight but evidence has shown that a 

degree of affective processing can also be preserved.  

 

The term “affective blindsight” was coined by de Gelder, Vroomen, Pourtois and Weiskrantz 

(1999) in an experiment with patient G.Y. who suffered a large lesion in his left occipital 

lobe. G.Y. was shown video fragments of a woman vocalising a sentence whilst displaying 

either a happy, sad, angry or fearful expression. G.Y. performed significantly above chance in 

a forced-choice labelling task when stimuli were shown in his blind RVF. Conditions that 

used static stimuli, however, resulted in chance level performance but ERP recordings 

showed that these stimuli still elicited activity in higher visual areas. De Gelder and 

colleagues concluded that these residual abilities must be mediated by an alternative 

anatomical route that bypasses striate cortex. A subsequent fMRI study of patient G.Y. 

investigated whether the patient’s performance was wholly reliant on facial movement and 

the data revealed significant activations of the amygdala in response to static, masked fearful 

expressions presented in his blind RVF (Morris et al., 2001), which suggests there is 

significant activation in the absence of dynamic facial movement. 

 

It is worth noting, however, that some authors question the validity of findings from the study 

of patient G.Y. due to the young age at which he sustained neural damage (Tamietto & de 

Gelder, 2008). The possibility of neuroplastic restructuring in visual pathways may facilitate 

his apparent ability to identify emotional facial expressions (Tamietto & de Gelder, 2008). 

Studies have shown that the number of functioning inferior collicular neurons in primate 

brains increase after striatal damage (Mohler & Wurtz, 1977) and G.Y.’s performance has 

indeed improved over time (Weiskrantz, 2000). Despite this, an fMRI study of another 

blindsight patient, case T.N., who sustained damage to both their left and right visual cortices 
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much later in life also demonstrated emotion processing capabilities in their blind field 

(Pegna et al., 2005). Patient T.N. correctly identified the expression of happy and angry faces 

above chance levels. Right amygdala activations were also recorded in response to emotional 

faces, which is in keeping with previous findings from neuroimaging studies of implicit 

emotion processing. T.N. also completed two control tasks that required him to identify the 

gender of a face and indicate whether normal/jumbled faces were authentic faces and his 

performance was at chance levels in both tasks. This suggests that his residual visual 

processing capabilities are driven by the emotional content of the face rather than other facial 

characteristics. Upon consideration of the above evidence, the low road provides a possible 

route through which LSF information was conveyed by the priming stimuli in the current 

experiments, outside of the participant’s awareness. 

 

Limitations & Future directions 

The main weakness of the current experiments was the small participant sample sizes which 

meant that the effect of participant’s sex could not be investigated directly and this also 

increased the risk of type 2 errors. Previous studies have reported sex driven differences in 

FCAs for facial discrimination tasks (Hausmann & Günturkün, 1999) and more recently, in 

divided visual-half field studies with emotional hybrids (Innes et al., submitted). The current 

experiments combined hybrid faces and affective priming in the divided visual-half field and 

potential sex-differences in the current task may have been overlooked due to the sample 

size. Similarly, two participants in Experiment 2 did not demonstrate a consistent right-hand 

bias and it has been reported that participants demonstrating a consistent right-hand bias are 

more strongly lateralised, specifically to the RH, in emotional processing tasks (Bourne, 

2008). Although there was no evidence of LH specialisation in Experiment 2, a reduction in 
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the magnitude of lateralisation in the left-hand biased participants may have confounded 

results and follow-up studies should explicitly control for this factor.  

 

Only Experiment 3 presented the priming stimuli below the threshold of conscious awareness 

and an interesting future experiment may assess the differences between emotional 

expression identification and categorisation priming paradigms where stimuli are also 

presented outside of awareness. Similarly, the design of the current experiments prevented 

objective measures of sensitivity from being calculated for detecting each emotional 

expression and rather were employed to assess participant’s awareness of the priming 

stimulus. Recently, multidimensional SDT modelling has been used to evaluate detection 

sensitivity in more complex experimental models (King & Deheane, 2014) and its application 

to the current task would provide an objective measure of sensitivity to individual emotional 

expressions.   

 

 

Conclusion 

The current experiments are the first to combine affective priming with hybrid faces 

presented in the divided visual half-field and collectively demonstrate that emotional content 

conveyed by hybrid faces in the LSF band is sufficient for participants to correctly identify 

emotional expressions which highlights their usefulness for the study of emotion processing, 

whilst controlling for potential confounds of SF lateralisation. Emotional content presented 

below the threshold of conscious awareness was also shown to affect subsequent 

identification of ambiguous emotional hybrid targets, albeit in an unpredicted direction and 

interestingly, this pattern of priming effects differed between categorisation and expression 

identification tasks. Finally, there was some evidence of FCAs in all three experiments but 



 73 

again, dissociation was observed in the direction of lateralisation between the categorisation 

and identification tasks. The present results provide support for the RH hypothesis 

specifically as there was no evidence for either the Valence-Specific or Approach-Avoidance 

hypotheses. The subcortical low road seems a likely facilitator for the priming effects 

observed in this study but until conclusive evidence is provided with regards to its role in 

emotion processing, the conclusions drawn here remain purely correlative. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 74 

References 

 

Abbott, J. D., Wijeratne, T., Hughes, A., Perre, D., & Lindell, A. K. (2014). The perception of 

positive and negative facial expressions by unilateral stroke patients. Brain and Cognition, 

86, 42–54. https://doi.org/10.1016/j.bandc.2014.01.017 

Adolphs, R., Damasio, H., Tranel, D., & Damasio, A. R. (1996). Cortical systems for the 

recognition of emotion in facial expressions. The Journal of Neuroscience: The Official 

Journal of the Society for Neuroscience, 16(23), 7678–7687. 

Aguado, L., Serrano-Pedraza, I., Rodríguez, S., & Román, F. J. (2010). Effects of spatial 

frequency content on classification of face gender and expression. The Spanish Journal of 

Psychology, 13(2), 525–537. 

Ahern, G. L., & Schwartz, G. E. (1979). Differential lateralization for positive versus negative 

emotion. Neuropsychologia, 17(6), 693–698. https://doi.org/10.1016/0028-3932(79)90045-9 

Almeida, J., Pajtas, P. E., Mahon, B. Z., Nakayama, K., & Caramazza, A. (2013). Affect of the 

unconscious: Visually suppressed angry faces modulate our decisions. Cognitive, Affective & 

Behavioral Neuroscience, 13(1), 94–101. https://doi.org/10.3758/s13415-012-0133-7 

Alves, N., Sousa, J. P. M. de, & Fukusima, S. S. (2011). Hemispheric asymmetries on the 

perception of facial expressions: a divided visual field study. Psicologia USP, 22(1), 181–

196. https://doi.org/10.1590/S0103-65642011005000004 

Alves, N. T., Aznar-Casanova, J. A., & Fukusima, S. S. (2009). Patterns of brain asymmetry in the 

perception of positive and negative facial expressions. Laterality: Asymmetries of Body, 

Brain and Cognition, 14(3), 256–272. 

Anderson, A. K., Spencer, D. D., Fulbright, R. K., & Phelps, E. A. (2000). Contribution of the 

anteromedial temporal lobes to the evaluation of facial emotion. Neuropsychology, 14(4), 

526–536. https://doi.org/10.1037/0894-4105.14.4.526 



 75 

Ashwin, C., Wheelwright, S., & Baron-Cohen, S. (2005). Laterality biases to chimeric faces in 

Asperger syndrome: what is “right” about face-processing? Journal of Autism and 

Developmental Disorders, 35(2), 183–196. 

Asthana, H. S., & Mandal, M. K. (2001). Visual-Field Bias in the Judgment of Facial Expression 

of Emotion. Journal of General Psychology, 128(1), 21. 

Balconi, M., & Mazza, G. (2010). Lateralisation effect in comprehension of emotional facial 

expression: A comparison between EEG alpha band power and behavioural inhibition (BIS) 

and activation (BAS) systems. Laterality: Asymmetries of Body, Brain and Cognition, 15(3), 

361–384. https://doi.org/10.1080/13576500902886056 

Batty, M., & Taylor, M. J. (2003). Early processing of the six basic facial emotional expressions. 

Cogn Brain Res, 17. https://doi.org/10.1016/S0926-6410(03)00174-5 

Borod, J. C., Cicero, B. A., Obler, L. K., Welkowitz, J., Erhan, H. M., Santschi, C., … Whalen, J. 

R. (1998). Right hemisphere emotional perception: Evidence across multiple channels. 

NEUROPSYCHOLOGY-NEW YORK-, 12, 446–458. 

Borod, J. C., Koff, E., Perlman Lorch, M., & Nicholas, M. (1986). The expression and perception 

of facial emotion in brain-damaged patients. Neuropsychologia, 24(2), 169–180. 

https://doi.org/10.1016/0028-3932(86)90050-3 

Bourne, V. J. (2005). Lateralized processing of positive facial emotion: sex differences in strength 

of hemispheric dominance. Neuropsychologia, 43. 

https://doi.org/10.1016/j.neuropsychologia.2004.08.007 

Bourne, Victoria J. (2008). Chimeric faces, visual field bias, and reaction time bias: Have we been 

missing a trick? Laterality: Asymmetries of Body, Brain and Cognition, 13(1), 92–103. 

https://doi.org/10.1080/13576500701754315 



 76 

Bourne, Victoria J. (2010). How are emotions lateralised in the brain? Contrasting existing 

hypotheses using the Chimeric Faces Test. Cognition & Emotion, 24(5), 903–911. 

https://doi.org/10.1080/02699930903007714 

Bourne, Victoria J., & Hole, G. J. (2006). Lateralized repetition priming for familiar faces: 

Evidence for asymmetric interhemispheric cooperation. The Quarterly Journal of 

Experimental Psychology, 59(6), 1117–1133. https://doi.org/10.1080/02724980543000150 

Bowers, J. S. (2000). In defense of abstractionist theories of repetition priming and word 

identification. Psychonomic Bulletin & Review, 7(1), 83–99. 

Breiter, H. C., Etcoff, N. L., Whalen, P. J., Kennedy, W. A., Rauch, S. L., Buckner, R. L., … 

Rosen, B. R. (1996). Response and Habituation of the Human Amygdala during Visual 

Processing of Facial Expression. Neuron, 17(5), 875–887. https://doi.org/10.1016/S0896-

6273(00)80219-6 

Buchtel, H., Campari, F., de Risio, C., & Rota, R. (1978). Hemispheric differences in 

discriminative reaction time to facial expressions. Italian Journal of Psychology, 5(2), 159–

169. 

Burt, D. M., & Perrett, D. I. (1997). Perceptual asymmetries in judgements of facial attractiveness, 

age, gender, speech and expression. Neuropsychologia, 35(5), 685–693. 

Burton, L. A., & Levy, J. (1989). Sex differences in the lateralized processing of facial emotion. 

Brain and Cognition, 11(2), 210–228. https://doi.org/10.1016/0278-2626(89)90018-3 

Burton, L. A., Rabin, L., Wyatt, G., Frohlich, J., Vardy, S. B., & Dimitri, D. (2005). Priming 

effects for affective vs. neutral faces. Brain and Cognition, 59(3), 322–329. 

https://doi.org/10.1016/j.bandc.2005.05.006 

Calvo, M. G., Fernández-Martín, A., & Nummenmaa, L. (2014). Facial expression recognition in 

peripheral versus central vision: role of the eyes and the mouth. Psychological Research, 

78(2), 180–195. 



 77 

Calvo, M. G., Gutiérrez-García, A., Fernández-Martín, A., & Nummenmaa, L. (2014). 

Recognition of Facial Expressions of Emotion is Related to their Frequency in Everyday Life. 

Journal of Nonverbal Behavior, 38(4), 549–567. https://doi.org/10.1007/s10919-014-0191-3 

Calvo, M. G., & Nummenmaa, L. (2008). Detection of emotional faces: salient physical features 

guide effective visual search. Journal of Experimental Psychology. General, 137(3), 471–

494. https://doi.org/10.1037/a0012771 

Canli, T., Desmond, J. E., Zhao, Z., Glover, G., & Gabrieli, J. D. E. (1998). Hemispheric 

asymmetry for emotional stimuli detected with fMRI. NeuroReport, 9(14), 3233–3239. 

Carpenter, R. H. S. (1988). Movements of the eyes. Pion. 

Carroll, N. C., & Young, A. W. (2005). Priming of emotion recognition. The Quarterly Journal of 

Experimental Psychology Section A, 58(7), 1173–1197. 

https://doi.org/10.1080/02724980443000539 

Christman, S. D., & Hackworth, M. D. (1993). Equivalent perceptual asymmetries for free 

viewing of positive and negative emotional expressions in chimeric faces. Neuropsychologia, 

31(6), 621–624. https://doi.org/10.1016/0028-3932(93)90056-6 

Comfort, W. E., Wang, M., Benton, C. P., & Zana, Y. (2013). Processing of Fear and Anger Facial 

Expressions: The Role of Spatial Frequency. Frontiers in Psychology, 4. 

https://doi.org/10.3389/fpsyg.2013.00213 

Corballis, M. C. (1995). Visual integration in the split brain. Neuropsychologia, 33(8), 937–959. 

https://doi.org/10.1016/0028-3932(95)00032-X 

Corballis, M. C., & Sergent, J. (1992). Judgements about numerosity by a commissurotomized 

subject. Neuropsychologia, 30(10), 865–876. https://doi.org/10.1016/0028-3932(92)90032-H 

Costen, N. P., Parker, D. M., & Craw, I. (1996). Effects of high-pass and low-pass spatial filtering 

on face identification. Perception & Psychophysics, 58(4), 602–612. 

https://doi.org/10.3758/BF03213093 



 78 

da Silva, F. L. (2004). Functional localization of brain sources using EEG and/or MEG data: 

volume conductor and source models. Magnetic Resonance Imaging, 22(10), 1533–1538. 

Damasio, A. R. (1995). On Some Functions of the Human Prefrontal Cortex. Annals of the New 

York Academy of Sciences, 769(1 Structure and), 241–252. https://doi.org/10.1111/j.1749-

6632.1995.tb38142.x 

Danckert, J., & Goodale, M. A. (2000). Blindsight: A conscious route to unconscious vision. 

Current Biology, 10(2), R64–R67. https://doi.org/10.1016/S0960-9822(00)00284-0 

Davidson, R. J. (1984). 11 Affect, cognition, and hemispheric specialization. Emotions, Cognition, 

and Behavior, 320. 

Davidson, R. J., Mednick, D., Moss, E., Saron, C., & Schaffer, C. E. (1987). Ratings of emotion in 

faces are influenced by the visual field to which stimuli are presented. Brain and Cognition, 

6(4), 403–411. 

De Cesarei, A., & Codispoti, M. (2013). Spatial frequencies and emotional perception. Reviews in 

the Neurosciences, 24(1), 89–104. 

De Gelder, B., Vroomen, J., Pourtois, G., & Weiskrantz, L. (1999). Non-conscious recognition of 

affect in the absence of striate cortex. Neuroreport, 10(18), 3759–3763. 

DeKosky, S. T., Heilman, K. M., Bowers, D., & Valenstein, E. (1980). Recognition and 

discrimination of emotional faces and pictures. Brain and Language, 9(2), 206–214. 

Derrington, A. M., & Lennie, P. (1984). Spatial and temporal contrast sensitivities of neurones in 

lateral geniculate nucleus of macaque. The Journal of Physiology, 357, 219–240. 

Ekman, P. (1992). An argument for basic emotions. Cognition and Emotion, 6(3–4), 169–200. 

https://doi.org/10.1080/02699939208411068 

Ekman, P., & Friesen, W. V. (1976). Measuring facial movement. Environmental Psychology and 

Nonverbal Behavior, 1(1), 56–75. 



 79 

Etcoff, N. L., & Magee, J. J. (1992). Categorical perception of facial expressions. Cognition, 

44(3), 227–240. 

Everhart, D. E., & Harrison, D. W. (2000). Facial affect perception in anxious and nonanxious 

men without depression. Psychobiology, 28(1), 90–98. https://doi.org/10.3758/BF03330632 

Fazio, R. H., Sanbonmatsu, D. M., Powell, M. C., & Kardes, F. R. (1986). On the automatic 

activation of attitudes. Journal of Personality and Social Psychology, 50(2), 229–238. 

Fusar-Poli, P., Placentino, A., Carletti, F., Allen, P., Landi, P., Abbamonte, M., … Politi, P. L. 

(2009). Laterality effect on emotional faces processing: ALE meta-analysis of evidence. 

Neuroscience Letters, 452(3), 262–267. 

Gainotti, G. (1972). Emotional behavior and hemispheric side of the lesion. Cortex; a Journal 

Devoted to the Study of the Nervous System and Behavior, 8(1), 41–55. 

Gainotti, Guido. (1969). Reactions “catastrophiques” et manifestations d’indifference au cours des 

atteintes cerebrales. Neuropsychologia, 7(2), 195–204. https://doi.org/10.1016/0028-

3932(69)90017-7 

Gainotti, Guido. (2012). Unconscious processing of emotions and the right hemisphere. 

Neuropsychologia, 50(2), 205–218. 

Ghodrati, M., Morris, A. P., & Price, N. S. C. (2015). The (un)suitability of modern liquid crystal 

displays (LCDs) for vision research. Frontiers in Psychology, 6. 

https://doi.org/10.3389/fpsyg.2015.00303 

Glaser, J., & Banaji, M. R. (1999). When fair is foul and foul is fair: reverse priming in automatic 

evaluation. Journal of Personality and Social Psychology, 77(4), 669–687. 

Goffaux, Valérie, Hault, B., Michel, C., Vuong, Q. C., & Rossion, B. (2005). The respective role 

of low and high spatial frequencies in supporting configural and featural processing of faces. 

Perception, 34(1), 77–86. https://doi.org/10.1068/p5370 



 80 

Goffaux, Valerie, Peters, J., Haubrechts, J., Schiltz, C., Jansma, B., & Goebel, R. (2011). From 

Coarse to Fine? Spatial and Temporal Dynamics of Cortical Face Processing. Cerebral 

Cortex, 21(2), 467–476. https://doi.org/10.1093/cercor/bhq112 

Gosselin, F., & Schyns, P. G. (2001). Bubbles: a technique to reveal the use of information in 

recognition tasks. Vision Research, 41(17), 2261–2271. https://doi.org/10.1016/S0042-

6989(01)00097-9 

Greenberg L. S. (2007). Emotion coming of age. Clin. Psychol. 14, 414–42110. 

Hardee, J. E., Thompson, J. C., & Puce, A. (2008). The left amygdala knows fear: laterality in the 

amygdala response to fearful eyes. Social Cognitive and Affective Neuroscience, 3(1), 47–54. 

https://doi.org/10.1093/scan/nsn001 

Harmon-Jones, E., & Sigelman, J. (2001). State anger and prefrontal brain activity: evidence that 

insult-related relative left-prefrontal activation is associated with experienced anger and 

aggression. Journal of Personality and Social Psychology, 80(5), 797–803. 

Harmon-Jones, Eddie. (2004). Contributions from research on anger and cognitive dissonance to 

understanding the motivational functions of asymmetrical frontal brain activity. Biological 

Psychology, 67(1–2), 51–76. https://doi.org/10.1016/j.biopsycho.2004.03.003 

Harmon-Jones, Eddie, & Allen, J. J. (1998). Anger and frontal brain activity: EEG asymmetry 

consistent with approach motivation despite negative affective valence. Journal of 

Personality and Social Psychology, 74(5), 1310. 

Harmon-Jones, Eddie, Sigelman, J., Bohlig, A., & Harmon-Jones, C. (2003). Anger, coping, and 

frontal cortical activity: The effect of coping potential on anger-induced left frontal activity. 

Cognition & Emotion, 17(1), 1–24. https://doi.org/10.1080/02699930302278 

Harris, D. A., Hayes-Skelton, S. A., & Ciaramitaro, V. M. (2016). What’s in a Face? How Face 

Gender and Current Affect Influence Perceived Emotion. Frontiers in Psychology, 7, 1468. 

https://doi.org/10.3389/fpsyg.2016.01468 

https://doi.org/10.1016/S0042-6989(01)00097-9
https://doi.org/10.1016/S0042-6989(01)00097-9


 81 

Harrison, D. W., & Gorelczenko, P. M. (1990). Functional asymmetry for facial affect perception 

in high and low hostile men and women. The International Journal of Neuroscience, 55(2–4), 

89–97. 

Harrison, David W., Gorelczenko, P. M., & Cook, J. (1990). Sex differences in the functional 

asymmetry for facial affect perception. International Journal of Neuroscience, 52(1–2), 11–

16. 

Hausmann, M., & Güntürkün, O. (1999). Sex Differences in Functional Cerebral Asymmetries in 

a Repeated Measures Design. Brain and Cognition, 41(3), 263–275. 

https://doi.org/10.1006/brcg.1999.1126 

Hedger, N. (2016). Processing affective images in the absence of visual awareness. University of 

Southampton. Retrieved from http://eprints.soton.ac.uk/402691/ 

Herr, P. M., Sherman, S. J., & Fazio, R. H. (1983). On the consequences of priming: Assimilation 

and contrast effects. Journal of Experimental Social Psychology, 19(4), 323–340. 

Hochstenbach, J. B., den Otter, R., & Mulder, T. W. (2003). Cognitive recovery after stroke: a 2-

year follow-up. Archives of Physical Medicine and Rehabilitation, 84(10), 1499–1504. 

Hoffmann, H., Kessler, H., Eppel, T., Rukavina, S., & Traue, H. C. (2010). Expression intensity, 

gender and facial emotion recognition: Women recognize only subtle facial emotions better 

than men. Acta Psychologica, 135(3), 278–283. https://doi.org/10.1016/j.actpsy.2010.07.012 

Hugdahl, K., Iversen, P. M., Ness, H. M., & Flaten, M. A. (1989). Hemispheric differences in 

recognition of facial expressions: a VHF-study of negative, positive, and neutral emotions. 

The International Journal of Neuroscience, 45(3–4), 205–213. 

Hugdahl, Kenneth. (1995). Dichotic listening: Probing temporal lobe functional integrity. Brain 

Asymmetry, 1, 123–56. 



 82 

Hugdahl, Kenneth, Brønnick, K., Kyllingsbrk, S., Law, I., Gade, A., & Paulson, O. B. (1999). 

Brain activation during dichotic presentations of consonant-vowel and musical instrument 

stimuli: a 15 O-PET study. Neuropsychologia, 37(4), 431–440. 

Hugdahl, Kenneth, Iversen, P. al M., & Johnsen, B. H. (1993). Laterality for facial expressions: 

does the sex of the subject interact with the sex of the stimulus face? Cortex, 29(2), 325–331. 

Hugdahl, Kenneth, Westerhausen, R., Alho, K., Medvedev, S., Laine, M., & HÄMÄLÄINEN, H. 

(2009). Attention and cognitive control: unfolding the dichotic listening story. Scandinavian 

Journal of Psychology, 50(1), 11–22. 

Innes R.B., Kentridge, R.W. & Hausmann, M. (2017). Laterality in emotional face perception: 

Evidence from visible and masked stimuli manipulated in spatial frequency content. 

Submitted. 

Jansari, A., Rodway, P., & Goncalves, S. (2011). Identifying facial emotions: Valence specific 

effects and an exploration of the effects of viewer gender. Brain and Cognition, 76(3), 415–

423. https://doi.org/10.1016/j.bandc.2011.03.009 

Jansari, A., Tranel, D., & Adolphs, R. (2000). A valence-specific lateral bias for discriminating 

emotional facial expressions in free field. Cognition & Emotion, 14(3), 341–353. 

Juncai, S., Jing, Z., & Rongb, S. (2017). Differentiating recognition for anger and fear facial 

expressions via inhibition of return. Journal of Psychology and Cognition, 2(1). Retrieved 

from http://www.alliedacademies.org/articles/differentiating-recognition-for-anger-and-fear-

facial-expressions-via-inhibitionof-return.html 

Kanwisher, N., McDermott, J., & Chun, M. M. (1997). The fusiform face area: a module in human 

extrastriate cortex specialized for face perception. J Neurosci, 17. 

Keenan, P. A., Whitman, R. D., & Pepe, J. (1989). Hemispheric asymmetry in the processing of 

high and low spatial frequencies: a facial recognition task. Brain and Cognition, 11(2), 229–

237. 



 83 

Kentridge, R. W., Heywood, C. A., & Weiskrantz, L. (1999). Attention without awareness in 

blindsight. Proceedings of the Royal Society of London B: Biological Sciences, 266(1430), 

1805–1811. 

Killgore, W. D. S., & Yurgelun-Todd, D. A. (2007). The right-hemisphere and valence 

hypotheses: could they both be right (and sometimes left)? Social Cognitive and Affective 

Neuroscience, 2(3), 240–250. https://doi.org/10.1093/scan/nsm020 

Kimura, D. (1967). Functional asymmetry of the brain in dichotic listening. Cortex, 3(2), 163–178. 

King, J.-R., & Dehaene, S. (2014). A model of subjective report and objective discrimination as 

categorical decisions in a vast representational space. Philosophical Transactions of the 

Royal Society of London B: Biological Sciences, 369(1641), 20130204. 

https://doi.org/10.1098/rstb.2013.0204 

Kirouac, G., & Doré, F. Y. (1983). Accuracy and latency of judgment of facial expressions of 

emotions. Perceptual and Motor Skills, 57(3), 683–686. 

Knecht, S., Deppe, M., Dräger, B., Bobe, L., Lohmann, H., Ringelstein, E.-B., & Henningsen, H. 

(2000). Language lateralization in healthy right-handers. Brain, 123(1), 74–81. 

https://doi.org/10.1093/brain/123.1.74 

Kucharska-Pietura, K., Phillips, M. L., Gernand, W., & David, A. S. (2003). Perception of 

emotions from faces and voices following unilateral brain damage. Neuropsychologia, 41(8), 

1082–1090. 

Kumar, D., & Srinivasan, N. (2011). Emotion perception is mediated by spatial frequency content. 

Emotion, 11(5), 1144–1151. https://doi.org/10.1037/a0025453 

Làdavas, E., Cimatti, D., Pesce, M. D., & Tuozzi, G. (1993). Emotional evaluation with and 

without conscious stimulus identification: evidence from a split-brain patient. Cognition and 

Emotion, 7(1), 95–114. https://doi.org/10.1080/02699939308409179 



 84 

Ladavas, E., Umiltà, C., & Ricci-Bitti, P. E. (1980). Evidence for sex differences in right-

hemisphere dominance for emotions. Neuropsychologia, 18(3), 361–366. 

https://doi.org/10.1016/0028-3932(80)90132-3 

Laeng, B., Profeti, I., Sæther, L., Adolfsdottir, S., Lundervold, A. J., Vangberg, T., … Waterloo, 

K. (2010). Invisible expressions evoke core impressions. Emotion, 10(4), 573–586. 

https://doi.org/10.1037/a0018689 

Landis, T., Assal, G., & Perret, E. (1979). Opposite cerebral hemispheric superiorities for visual 

associative processing of emotional facial expressions and objects. Nature, 278(5706), 739–

740. 

Lassonde, M., Bryden, M. P., & Demers, P. (1990). The corpus callosum and cerebral speech 

lateralization. Brain and Language, 38(2), 195–206. https://doi.org/10.1016/0093-

934X(90)90110-3 

Law Smith, M. J., Montagne, B., Perrett, D. I., Gill, M., & Gallagher, L. (2010). Detecting subtle 

facial emotion recognition deficits in high-functioning Autism using dynamic stimuli of 

varying intensities. Neuropsychologia, 48(9), 2777–2781. 

https://doi.org/10.1016/j.neuropsychologia.2010.03.008 

Leknes, S., Wessberg, J., Ellingsen, D.-M., Chelnokova, O., Olausson, H., & Laeng, B. (2013). 

Oxytocin enhances pupil dilation and sensitivity to “hidden” emotional expressions. Social 

Cognitive and Affective Neuroscience, 8(7), 741–749. https://doi.org/10.1093/scan/nss062 

Levy, J., Trevarthen, C., & Sperry, R. W. (1972). Perception of bilateral chimeric figures 

following hemispheric deconnexion. Brain, 95(1), 61–78. 

Ley, R. G., & Bryden, M. P. (1979). Hemispheric differences in processing emotions and faces. 

Brain and Language, 7(1), 127–138. https://doi.org/10.1016/0093-934X(79)90010-5 

Livingstone, M., & Hubel, D. (1988). Segregation of Form, Color, Movement, and Depth: 

Anatomy, Physiology, and Perception. Science, 240(4853), 740–749. 



 85 

Lombardi, W. J., Higgins, E. T., & Bargh, J. A. (1987). The role of consciousness in priming 

effects on categorization: Assimilation versus contrast as a function of awareness of the 

priming task. Personality and Social Psychology Bulletin, 13(3), 411–429. 

Lust, J. M., Geuze, R. H., Groothuis, A. G. G., & Bouma, A. (2011). Functional cerebral 

lateralization and dual-task efficiency-testing the function of human brain lateralization using 

fTCD. Behavioural Brain Research, 217(2), 293–301. 

https://doi.org/10.1016/j.bbr.2010.10.029 

Macknik, S. L., & Livingstone, M. S. (1998). Neuronal correlates of visibility and invisibility in 

the primate visual system. Nature Neuroscience, 1(2), 144–149. https://doi.org/10.1038/393 

Macmillan, N. A., & Creelman, C. D. (2004). Detection theory: A user’s guide. Psychology press. 

Retrieved from 

https://books.google.co.uk/books?hl=en&lr=&id=P094AgAAQBAJ&oi=fnd&pg=PP1&dq=d

etection+theory+a+users+guide&ots=bdog-tPad_&sig=1WZO8AHL0yLj3R_1tFAicr1a_nk 

Mandal, M. K., Tandon, S. C., & Asthana, H. S. (1991). Right Brain Damage Impairs Recognition 

of Negative Emotions. Cortex, 27(2), 247–253. https://doi.org/10.1016/S0010-

9452(13)80129-3 

Mangun, G. R., & Hillyard, S. A. (1991). Modulations of sensory-evoked brain potentials indicate 

changes in perceptual processing during visual-spatial priming. Journal of Experimental 

Psychology. Human Perception and Performance, 17(4), 1057–1074. 

McClelland, J. L., & Rumelhart, D. E. (1981). An interactive activation model of context effects in 

letter perception: I. An account of basic findings. Psychological Review, 88(5), 375. 

McLaren, J., & Bryson, S. E. (1987). Hemispheric Asymmetries in the Perception of Emotional 

and Neutral Faces. Cortex, 23(4), 645–654. https://doi.org/10.1016/S0010-9452(87)80054-0 



 86 

Merikle, P. M., Smilek, D., & Eastwood, J. D. (2001). Perception without awareness: perspectives 

from cognitive psychology. Cognition, 79(1–2), 115–134. https://doi.org/10.1016/S0010-

0277(00)00126-8 

Miller, G. A. (1956). The magical number seven, plus or minus two: some limits on our capacity 

for processing information. Psychological Review, 63(2), 81. 

Mishkin, M., & Forgays, D. G. (1952). Word recognition as a function of retinal locus. Journal of 

Experimental Psychology, 43(1), 43–48. https://doi.org/10.1037/h0061361 

Mohler, C. W., & Wurtz, R. H. (1977). Role of striate cortex and superior colliculus in visual 

guidance of saccadic eye movements in monkeys. Journal of Neurophysiology, 40(1), 74–94. 

Moreno, C. R., Borod, J. C., Welkowitz, J., & Alpert, M. (1990). Lateralization for the expression 

and perception of facial emotion as a function of age. Neuropsychologia, 28(2), 199–209. 

Morris, J. S., Öhman, A., & Dolan, R. J. (1998). Conscious and unconscious emotional learning in 

the human amygdala. Nature, 393(6684), 467–470. https://doi.org/10.1038/30976 

Morris, J. S., Öhman, A., & Dolan, R. J. (1999). A subcortical pathway to the right amygdala 

mediating  “unseen” fear. Proceedings of the National Academy of Sciences of the United 

States of America, 96(4), 1680–1685. 

Morris, John S., DeGelder, B., Weiskrantz, L., & Dolan, R. J. (2001). Differential 

extrageniculostriate and amygdala responses to presentation of emotional faces in a cortically 

blind field. Brain, 124(6), 1241–1252. 

Morris, John S., Frith, C. D., Perrett, D. I., Rowland, D., & others. (1996). A differential neural 

response in the human amygdala to fearful and happy facial expressions. Nature, 383(6603), 

812. 

Murphy, T. H., & Corbett, D. (2009). Plasticity during stroke recovery: from synapse to 

behaviour. Nature Reviews. Neuroscience, 10(12), 861. 



 87 

Musel, B., Bordier, C., Dojat, M., Pichat, C., Chokron, S., Le Bas, J.-F., & Peyrin, C. (2013). 

Retinotopic and lateralized processing of spatial frequencies in human visual cortex during 

scene categorization. Journal of Cognitive Neuroscience, 25(8), 1315–1331. 

Najt, P., Bayer, U., & Hausmann, M. (2013). Models of hemispheric specialization in facial 

emotion perception - a reevaluation. Emotion., 13(1), 159–167. 

https://doi.org/http://dx.doi.org/10.1037/a0029723 

Najt, Pablo. (2013). Functional cerebral asymmetries of emotional processes in the healthy and 

bipolar brain. Durham University. Retrieved from http://etheses.dur.ac.uk/6949/ 

Nakamura, A., Maess, B., Knösche, T. R., & Friederici, A. D. (2014). Different Hemispheric 

Roles in Recognition of Happy Expressions. PLoS ONE, 9(2), e88628. 

https://doi.org/10.1371/journal.pone.0088628 

Narumoto, J., Okada, T., Sadato, N., Fukui, K., & Yonekura, Y. (2001). Attention to emotion 

modulates fMRI activity in human right superior temporal sulcus. Cognitive Brain Research, 

12(2), 225–231. 

Natale, M., Gur, R. E., & Gur, R. C. (1983). Hemispheric asymmetries in processing emotional 

expressions. Neuropsychologia, 21(5), 555–565. https://doi.org/10.1016/0028-

3932(83)90011-8 

Niedenthal, P. M. (1990). Implicit perception of affective information. Journal of Experimental 

Social Psychology, 26(6), 505–527. 

Nijboer, T. C., & Jellema, T. (2012). Unequal impairment in the recognition of positive and 

negative emotions after right hemisphere lesions: a left hemisphere bias for happy faces. 

Journal of Neuropsychology, 6(1), 79–93. 

Noguchi, Y., & Kakigi, R. (2005). Neural mechanisms of visual backward masking revealed by 

high temporal resolution imaging of human brain. NeuroImage, 27(1), 178–187. 

https://doi.org/10.1016/j.neuroimage.2005.03.032 



 88 

Nummenmaa, L., & Calvo, M. G. (2015). Dissociation between recognition and detection 

advantage for facial expressions: A meta-analysis. American Psychological Association. 

Retrieved from http://psycnet.apa.org/journals/emo/15/2/243/ 

Öhman, A. (1988). Preattentive processes in the generation of emotions. In Cognitive perspectives 

on emotion and motivation (pp. 127–143). Springer. Retrieved from 

https://link.springer.com/chapter/10.1007/978-94-009-2792-6_5 

Öhman, A., Lundqvist, D., & Esteves, F. (2001). The face in the crowd revisited: A threat 

advantage with schematic stimuli. Journal of Personality and Social Psychology, 80(3), 381–

396. https://doi.org/10.1037/0022-3514.80.3.381 

Oldfield, R. C. (1971). The assessment and analysis of handedness: the Edinburgh inventory. 

Neuropsychologia, 9. https://doi.org/10.1016/0028-3932(71)90067-4 

Pegna, A. J., Khateb, A., Lazeyras, F., & Seghier, M. L. (2005). Discriminating emotional faces 

without primary visual cortices involves the right amygdala. Nature Neuroscience, 8(1), 24–

25. 

Perria, L., Rosadini, G., & Rossi, G. F. (1961). Determination of Side of Cerebral Dominance with 

Amobarbital. Archives of Neurology, 4(2), 173–181. 

https://doi.org/10.1001/archneur.1961.00450080055006 

Pessoa, L., Japee, S., & Ungerleider, L. G. (2005). Visual awareness and the detection of fearful 

faces. Emotion, 5(2), 243. 

Phaf, R. H., Wendte, R., Rotteveel, M., & others. (n.d.). Privileged processing of low spatial 

frequencies in emotional faces? Retrieved from 

http://www.academia.edu/download/44586326/f596-phaf.pdf 

Pisoni, D. B., & Tash, J. (1974). Reaction times to comparisons within and across phonetic 

categories. Perception & Psychophysics, 15(2), 285–290. 

https://doi.org/10.3758/BF03213946 



 89 

Plutchik, R. (1984). Emotions: A general psychoevolutionary theory. Approaches to Emotion, 

1984, 197–219. 

Pourtois, G., Dan, E. S., Grandjean, D., Sander, D., & Vuilleumier, P. (2005). Enhanced 

extrastriate visual response to bandpass spatial frequency filtered fearful faces: time course 

and topographic evoked-potentials mapping. Hum Brain Mapp, 26. 

https://doi.org/10.1002/hbm.20130 

Prete, G., D’Ascenzo, S., Laeng, B., Fabri, M., Foschi, N., & Tommasi, L. (2013b). Conscious and 

unconscious processing of facial expressions: Evidence from two split-brain patients. Journal 

of Neuropsychology, 9(1), 45–63. https://doi.org/10.1111/jnp.12034 

Prete, G., Laeng, B., Fabri, M., Foschi, N., & Tommasi, L. (2015). Right hemisphere or valence 

hypothesis, or both? The processing of hybrid faces in the intact and callosotomized brain. 

Neuropsychologia, 68, 94–106. https://doi.org/10.1016/j.neuropsychologia.2015.01.002 

Prete, G., Laeng, B., & Tommasi, L. (2013a). Lateralized hybrid faces: Evidence of a valence-

specific bias in the processing of implicit emotions. Laterality: Asymmetries of Body, Brain 

and Cognition, 19(4), 439–454. https://doi.org/10.1080/1357650X.2013.862255 

Prete, G., Marzoli, D., & Tommasi, L. (2015). Upright or inverted, entire or exploded: right-

hemispheric superiority in face recognition withstands multiple spatial manipulations. 

Retrieved from 

https://pdfs.semanticscholar.org/c97f/ca8fd987ba7a205e78ccf0b622ed409ed73e.pdf 

Prete, G., Laeng, B., & Tommasi, L. (2016). Modulating adaptation to emotional faces by spatial 

frequency filtering. Psychological Research, 82(2), 310-323.  

Proverbio, A. M., Brignone, V., Matarazzo, S., Del Zotto, M., & Zani, A. (2006). Gender 

differences in hemispheric asymmetry for face processing. BMC Neuroscience, 7(1), 44. 

https://doi.org/10.1186/1471-2202-7-44 

https://pdfs.semanticscholar.org/c97f/ca8fd987ba7a205e78ccf0b622ed409ed73e.pdf


 90 

Reuter-Lorenz, P. A., Givis, R. P., & Moscovitch, M. (1983). Hemispheric specialization and the 

perception of emotion: Evidence from right-handers and from inverted and non-inverted left-

handers. Neuropsychologia, 21(6), 687–692. 

Reuter-Lorenz, P., & Davidson, R. J. (1981). Differential contributions of the two cerebral 

hemispheres to the perception of happy and sad faces. Neuropsychologia, 19(4), 609–613. 

Roberson, D., Damjanovic, L., & Kikutani, M. (2010). Show and Tell: The Role of Language in 

Categorizing Facial Expression of Emotion. Emotion Review, 2(3), 255–260. 

https://doi.org/10.1177/1754073910361979 

Rodway, P., Wright, L., & Hardie, S. (2003). The valence-specific laterality effect in free viewing 

conditions: The influence of sex, handedness, and response bias. Brain and Cognition, 53(3), 

452–463. https://doi.org/10.1016/S0278-2626(03)00217-3 

Rolls, E. T., Tovée, M. J., & Panzeri, S. (1999). The neurophysiology of backward visual 

masking: information analysis. Journal of Cognitive Neuroscience, 11(3), 300–311. 

Rumelhart, D. E., Hinton, G. E., McClelland, J. L., & others. (1986). A general framework for 

parallel distributed processing. Parallel Distributed Processing: Explorations in the 

Microstructure of Cognition, 1, 45–76. 

Rumelhart, D. E., & McClelland, J. L. (1982). An interactive activation model of context effects in 

letter perception: II. The contextual enhancement effect and some tests and extensions of the 

model. Psychological Review, 89(1), 60. 

Safer, M. A. (1981). Sex and hemisphere differences in access to codes for processing emotional 

expressions and faces. Journal of Experimental Psychology: General, 110(1), 86–100. 

https://doi.org/10.1037/0096-3445.110.1.86 

Sahraie, A., Hibbard, P. B., Trevethan, C. T., Ritchie, K. L., & Weiskrantz, L. (2010). 

Consciousness of the first order in blindsight. Proceedings of the National Academy of 

Sciences, 107(49), 21217–21222. https://doi.org/10.1073/pnas.1015652107 



 91 

Sato, W., & Aoki, S. (2006). Right hemispheric dominance in processing of unconscious negative 

emotion. Brain and Cognition, 62(3), 261–266. 

Schyns, P. G., & Oliva, A. (1999). Dr. Angry and Mr. Smile: When categorization flexibly 

modifies the perception of faces in rapid visual presentations. Cognition, 69(3), 243–265. 

Sergent, J. (1982). The cerebral balance of power: confrontation or cooperation? Journal of 

Experimental Psychology. Human Perception and Performance, 8(2), 253–272. 

Sergent, J. (1987). A new look at the human split brain. Brain: A Journal of Neurology, 110 ( Pt 

5), 1375–1392. 

Sergent, Justine. (1983). Role of the input in visual hemispheric asymmetries. Psychological 

Bulletin, 93(3), 481. 

Smith, F. W., & Schyns, P. G. (2009). Smile through your fear and sadness transmitting and 

identifying facial expression signals over a range of viewing distances. Psychological 

Science, 20(10), 1202–1208. 

Smith, M. L., Cottrell, G. W., Gosselin, F., & Schyns, P. G. (2005). Transmitting and decoding 

facial expressions. Psychological Science, 16(3), 184–189. https://doi.org/10.1111/j.0956-

7976.2005.00801.x 

Srinivasan, N., & Gupta, R. (2010). Emotion-attention interactions in recognition memory for 

distractor faces. Emotion, 10(2), 207. 

Srinivasan, N., & Hanif, A. (2010). Global-happy and local-sad: Perceptual processing affects 

emotion identification. Cognition and Emotion, 24(6), 1062–1069. 

Stafford, L. D., & Brandaro, N. (2010). Valence specific laterality effects in free viewing 

conditions: The role of expectancy and gender of image. Brain and Cognition, 74(3), 324–

331. https://doi.org/10.1016/j.bandc.2010.09.001 



 92 

Stapel, D. A., Martin, L. L., & Schwarz, N. (1998). The Smell of Bias: What Instigates Correction 

Processes in Social Judgments? Personality and Social Psychology Bulletin, 24(8), 797–806. 

https://doi.org/10.1177/0146167298248002 

Strack, F., Schwarz, N., Bless, H., Kübler, A., & Wänke, M. (1993). Awareness of the influence as 

a determinant of assimilation versus contrast. European Journal of Social Psychology, 23(1), 

53–62. 

Strauss, E., & Moscovitch, M. (1981). Perception of facial expressions. Brain and Language, 

13(2), 308–332. https://doi.org/10.1016/0093-934X(81)90098-5 

Suberi, M., & McKeever, W. F. (1977). Differential right hemispheric memory storage of 

emotional and non-emotional faces. Neuropsychologia, 15(6), 757–768. 

Svard, J., Wiens, S., & Fischer, H. (2012). Superior Recognition Performance for Happy Masked 

and Unmasked Faces in Both Younger and Older Adults. Frontiers in Psychology, 3. 

https://doi.org/10.3389/fpsyg.2012.00520 

Tamietto, M., & de Gelder, B. (2008). Affective blindsight in the intact brain: Neural 

interhemispheric summation for unseen fearful expressions. Neuropsychologia, 46(3), 820–

828. 

Tamietto, M., Pullens, P., de Gelder, B., Weiskrantz, L., & Goebel, R. (2012). Subcortical 

Connections to Human Amygdala and Changes following Destruction of the Visual Cortex. 

Current Biology, 22(15), 1449–1455. https://doi.org/10.1016/j.cub.2012.06.006 

Tiddeman, B., Burt, M., & Perrett, D. (2001). Prototyping and transforming facial textures for 

perception research. IEEE Computer Graphics and Applications, 21(5), 42–50. 

Uleman, J. S., Adil Saribay, S., & Gonzalez, C. M. (2008). Spontaneous inferences, implicit 

impressions, and implicit theories. Annu. Rev. Psychol., 59, 329–360. 



 93 

Van Strien, J. W., & Van Beek, S. (2000). Ratings of Emotion in Laterally Presented Faces: Sex 

and Handedness Effects. Brain and Cognition, 44(3), 645–652. 

https://doi.org/10.1006/brcg.1999.1137 

Vanmarcke, S., & Wagemans, J. (2017). Priming Facial Gender and Emotional Valence: The 

Influence of Spatial Frequency on Face Perception in ASD. Journal of Autism and 

Developmental Disorders, 47(4), 927–946. 

Vuilleumier, P. (2005). How brains beware: neural mechanisms of emotional attention. Trends in 

Cognitive Sciences, 9(12), 585–594. https://doi.org/10.1016/j.tics.2005.10.011 

Vuilleumier, P., Armony, J. L., Driver, J., & Dolan, R. J. (2001). Effects of Attention and Emotion 

on Face Processing in the Human Brain. Neuron, 30(3), 829–841. 

https://doi.org/10.1016/S0896-6273(01)00328-2 

Vuilleumier, P., Armony, J. L., Driver, J., & Dolan, R. J. (2003). Distinct spatial frequency 

sensitivities for processing faces and emotional expressions. Nature Neuroscience, 6(6), 624–

631. 

Wagenen, W. P. V., & Herren, R. Y. (1940). SURGICAL DIVISION OF COMMISSURAL 

PATHWAYS IN THE CORPUS CALLOSUM: RELATION TO SPREAD OF AN 

EPILEPTIC ATTACK. Archives of Neurology & Psychiatry, 44(4), 740–759. 

https://doi.org/10.1001/archneurpsyc.1940.02280100042004 

Warrington, E. K., & Taylor, A. M. (1978). Two Categorical Stages of Object Recognition. 

Perception, 7(6), 695–705. https://doi.org/10.1068/p070695 

Wedding, D., & Stalans, L. (1985). Hemispheric Differences in the Perception of Positive and 

Negative Faces. International Journal of Neuroscience, 27(3–4), 277–281. 

https://doi.org/10.3109/00207458509149773 



 94 

Weiskrantz, L. (2000). Blindsight: Implications for the Conscious Experience of Emotion. In R. D. 

R. Lane, L. Nadel, & G. L. Ahern (Eds.), Cognitive Neuroscience of Emotion (pp. 31–43). 

Oxford University Press. 

Weiskrantz, L., Warrington, E. K., Sanders, M. D., & Marshall, J. (1974). Visual capacity in the 

hemianopic field following a restricted occipital ablation. Brain, 97(1), 709–728. 

Wells, L. J., Gillespie, S. M., & Rotshtein, P. (2016). Identification of Emotional Facial 

Expressions: Effects of Expression, Intensity, and Sex on Eye Gaze. PLOS ONE, 11(12), 

e0168307. https://doi.org/10.1371/journal.pone.0168307 

Welsh, T. N., & Elliott, D. (2001). Gender differences in a dichotic listening and movement task: 

lateralization or strategy? Neuropsychologia, 39(1), 25–35. 

Werheid, K., Alpay, G., Jentzsch, I., & Sommer, W. (2005). Priming emotional facial expressions 

as evidenced by event-related brain potentials. International Journal of Psychophysiology, 

55(2), 209–219. https://doi.org/10.1016/j.ijpsycho.2004.07.006 

Whalen, P. J., Kagan, J., Cook, R. G., Davis, F. C., Kim, H., Polis, S., … others. (2004). Human 

amygdala responsivity to masked fearful eye whites. Science, 306(5704), 2061–2061. 

Whalen, P. J., Rauch, S. L., Etcoff, N. L., McInerney, S. C., Lee, M. B., & Jenike, M. A. (1998). 

Masked presentations of emotional facial expressions modulate amygdala activity without 

explicit knowledge. Journal of Neuroscience, 18(1), 411–418. 

Yamaguchi, S., Yamagata, S., & Kobayashi, S. (2000). Cerebral asymmetry of the “top-down” 

allocation of attention to global and local features. Journal of Neuroscience, 20(9), RC72–

RC72. 

Yang, J., Cao, Z., Xu, X., & Chen, G. (2012). The amygdala is involved in affective priming effect 

for fearful faces. Brain and Cognition, 80(1), 15–22. 

https://doi.org/10.1016/j.bandc.2012.04.005 



 95 

Yin, R. K. (1970). Face recognition by brain-injured patients: a dissociable ability? 

Neuropsychologia, 8(4), 395–402. 

 
 
 
 

 


