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Abstract 

The facial width-to-height ratio (fWHR) is a measure of the cheekbone width divided by the 

height of the face from the upper lip to the brows. The metric is hypothesised to have evolved 

as an intra-sexual competition mechanism in males, where large fWHRs are thought to signal 

both threat and aggression. The fWHR is suggested to subtly resemble angry facial 

expressions, which, in turn, also signal threat. The late positive potential (LPP) and the vertex 

positive potential (VPP) are two event-related potentials (ERPs) especially sensitive to 

emotional content. Studies have also found that viewing angry compared to neutral facial 

expressions elicit a stronger response on the LPP. However, no study has tested how 

responses to the fWHR and angry facial expressions elicit changes in the LPP or VPP. In this 

study, participants firstly rated how threatening faces were with either low or high fWHRs 

with neutral or angry facial expressions. Secondly, EEG-activity was recorded during a 

picture-viewing task of the same faces. In the first task, participants rated the faces with angry 

facial expressions as more threatening compared to all other faces, regardless of fWHR, 

although the high fWHRs were rated as more threatening than the low fWHRs. In the second 

task, LPP and VPP mean amplitudes were significantly higher for the angry, high fWHR face 

compared to all other faces tested. This suggests that an additive effect of both angry facial 

expressions and high fWHRs together creates the highest threat level in both subjective 

ratings as well as in ERP mean amplitudes. Further ERP research is needed on the 

relationship between fWHRs and anger to establish how the two features work both separately 

and together. 

 Keywords: Facial Width-to-Height Ratio, Late Positive Potential, Facial 

Processing, Anger, Cognitive Neuroscience 
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1. Introduction  

From a face, we draw conclusions about basic traits such as sex, body weight or age (Geniole, 

Denson, Dixson, Carré, & McCormick, 2015) and attribute traits to faces quickly (Todorov, 

Said, Engell, & Oosterhof, 2008). Our ability for emotion recognition is especially important 

when judging faces, as it gives us an evolutionary advantage of seeing aggression in other 

people (Geniole & McCormick, 2015). Not only do we judge other people based on emotional 

expressions, but we can also do so with neutral faces that bear a structural resemblance to a 

particular emotion (Said, Sebe, & Todorov, 2009).  

As our ancestors’ survival depended largely on their ability to form rapid judgements of 

whether a stranger constituted a danger or not, as a species we react more quickly to physical 

traits associated with an immediate threat. That is, judging a person as aggressive will occur 

more quickly than judging other traits, such as kindness or nurturing (e.g. Geniole & 

McCormick, 2015), or with social traits such as trustworthiness (Todorov et al., 2008) and 

honesty (Zebrowitz, Franklin, & Boshyan, 2015). 

We extract relevant information from facial structures, not only regarding emotion but 

for more general information too. One metric, the facial width-to-height ratio (fWHR), is a 

measurement of the bizygomatic width (cheekbone width) of a face, divided by the height of 

the top part of a face from the upper lip to the brows. The facial metric is suggested to have 

evolved as a cue of aggression (Carré, McCormick, & Mondloch, 2009). Additionally, the 

measurement has been shown to predict behaviours in, and assumptions about, individuals’ 

propensity for aggression, threatening behaviour, dominance and masculinity (see, e.g. 

Geniole, Keyes, Carré, & McCormick, 2014; Geniole et al., 2015; Haselhuhn, Ormiston, & 

Wong, 2015). Other studies have found associations between the fWHR and testosterone 

levels (e.g. Lefevre, Lewis, Perrett, & Penke, 2013), and both perceived and actual levels of 

trustworthiness and advantage-taking (Stirrat & Perrett, 2010). The fWHR seems to be 
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particularly amenable to process quickly and at distances, which would be an advantage when 

judging a possible threat (Geniole et al., 2015). It seems that the fWHR is used by us as a cue 

to attribute aggression to a face, quickly and effectively. For instance, you might feel the urge 

to cross the road or hold your breath in anticipation upon seeing a stranger approaching. This, 

as a quick assessment of the person has prompted a hunch of a possible threat. However, 

some researchers suggest that attributing traits is not due to the structural aspects of a face as 

such but instead because an overlap exists between facial structure and expressions such as 

anger (Said et al., 2009). 

Up until this point, research on the fWHR has been conducted using questionnaires 

almost exclusively. Electroencephalography (EEG) can be used to record brain activity. 

However, we are not able to make sense of this activity on its own (Luck, 2014).  An event-

related potential (ERP) is a pattern of activity that occurs in response to a specific event. The 

late positive potential (LPP) is an ERP component sensitive to emotional and evolutionarily 

significant content (Schupp et al., 2004). The LPP occurs at around 350-400 milliseconds 

after stimulus onset and can last for several seconds (Hajcak, MacNamara, & Olvet, 2010). 

The vertex positive potential (VPP) is an ERP component also suggested to be sensitive to 

emotional content, as well as to faces in general (see, e.g. Foti, Olvet, Klein, & Hajcak, 2010). 

In the context of this thesis, we can use the fWHR as an event presented to subjects. Then, we 

can record neural activity (i.e. the LPP or VPP) in response to the ratio. 

The outline of this thesis provides a contextual background to the fWHR as being a male 

facial metric, suggested to have evolved as a cue of threat to aid in male intra-sexual 

competition (Carré et al., 2009; Geniole et al., 2015). Next, other masculine facial traits such 

as brows and facial expressions signalling threat are discussed in relation to the fWHR (Carré 

et al., 2009; Gangestad, Thornhill, & Garver-Apgar, 2005; Geniole et al., 2015). The next 

section of the thesis provides a background on ERP components (the LPP and VPP) that can 
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be used to test the fWHR and negatively valenced facial expressions empirically (see, e.g. 

Foti et al., 2010; Hajcak et al., 2010).  

The aim I had for this thesis was to explore whether angry facial expressions could 

influence how we respond to the fWHR. To accomplish this, subjects (N=28) firstly rated 

faces consisting of high or low fWHRs and angry or neutral expressions. Subjects consistently 

rated high fWHRs as being more threatening than low fWHRs and angry faces as being more 

threatening than neutral faces. Then, subjects partook in an EEG-experiment in the form of a 

picture-viewing task (with the same stimuli as in the facial rating task). Next, I examined the 

LPP, VPP and P3 components in response to the faces. Subsequent analysis showed that the 

three ERP components had a higher mean amplitude in response to the angry, high fWHR 

face when compared to all other stimuli.  

2. Background 

This section provides a contextual background to the fWHR as a measurement correlated with 

masculinity – along with other aspects that may overlap with the fWHR such as brow 

structure and expressions. A portion of this chapter is dedicated to discrepancies within the 

literature on the fWHR, as discrepancies exist surrounding details of the measure. The last 

section of this chapter introduces the LPP and VPP as ways to empirically test the fWHR. 

2.1 The fWHR – Differences Between the Sexes 

Research suggests that the fWHR is sexually dimorphic (Carré et al., 2009). During 

puberty, female faces do not widen to the same extent that males do, while elongating in the 

same trajectory, resulting in overall wider faces in males. This finding was first published in 

an article by Weston, Friday and Liò (2007), where craniums of different developmental 

stages were measured, comparing the growth patterns of male and female skulls (Weston et 

al., 2007). When rating faces on the (perceived) propensity for them to become aggressive, 
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male faces produce higher ratings than female. That is, the opinion (given by the rater) of 

whether the face would be likely to become aggressive or not seems to be dependent on the 

sex of the face (Carré et al., 2009). Further, the fWHR has also been found to predict actual 

male aggressiveness, but not aggression in females (Carré & McCormick, 2008). 

Although there have been some findings correlating the fWHR with traits in both males 

and females, it has been predominantly studied using male faces. The fWHR in female faces 

has been correlated with traits such as dominance behaviour (Geniole et al., 2015). A study by 

Geniole, Keyes, Mondloch, Carré and McCormick (2012) examined the relationship between 

male and female faces, the fWHR and aggression. This study set out to test whether there was 

any association between female faces, ratings of aggression and the fWHR, as has previously 

been found in male faces. Subjects were tasked with rating aggressiveness from facial cues of 

pictures of either male or female faces in addition to rating masculinity of the male faces and 

femininity of the female faces. Consequently, male and female subjects rated all faces with a 

high fWHR consistently as more aggressive than faces with low ratios. However, while the 

ratings of aggressiveness and the fWHR correlated for both male and female faces, this 

association was significantly stronger for male faces. Importantly, the findings from the 

experiments indicated an evolutionarily significant connection between the fWHR and 

masculinity in males as the fWHR and masculinity correlated with aggression for male faces. 

The researchers conducted an additional task where subjects were asked to provide ratings of 

masculinity in female faces. The ratings from the subjects were analysed to find possible 

associations between female faces, ratings of masculinity and aggressiveness. In this study, 

the rated levels of masculinity of female faces did not correlate with the first study’s ratings of 

aggressiveness. However, masculinity and femininity ratings in female faces were the 

opposite of each other, i.e. the higher femininity ratings a female face had received, the lower 

the masculinity ratings were. While a female face can have masculine traits, these traits in 
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female faces do not correlate with aggression the same way as male faces do. Further, a third 

study was conducted to assess the relationship between feminine facial traits in male and 

female faces with ratings of perceived nurturing to further assess how people would rate 

typically masculine or feminine traits for the opposite sex. Levels of femininity in male faces 

were associated with ratings of nurturing, where a higher rating of femininity resulted in a 

higher level of nurturing behaviour. Importantly, differences existed between ratings of 

aggression, masculinity, femininity and male and female faces. In sum, masculinity and 

aggression correlated with male faces only. Further, the results suggest that while nurturing is 

a trait associated with femininity, it exists in both female and male faces. Importantly, 

aggression, which is mainly associated with masculinity, cannot be found in female faces to 

the same extent as other traits can. Geniole and colleagues hypothesize that aggression may 

serve as a so-called honest signal in males (Geniole et al., 2012).  

Honest signals exist in other species as an assessment tool in social situations. The 

signals aid in evaluating one’s own and others status and acts as a facilitator in how to behave 

within one’s status. An honest signal conveys a trait that will benefit an individual or a species 

– in contrast to a dishonest signal, which can be used to cheat or falsely convey a trait that is 

not there. The use of a dishonest signal is a risk, as the trait displayed is not a genuine one. 

Honest signals, on the other hand, signal genuine traits that are sought after or valuable when 

competing, or selecting for a mate. The fWHR is hypothesised to exist in males as a signal for 

dominance and aggression (e.g. Carré et al., 2009; Geniole et al., 2012; Stirrat & Perrett, 

2010).  

When it comes to physical differences between the sexes, male body sizes are larger 

overall than female bodies. These physical differences also include the face, as previously 

mentioned. More specifically, this is referred to as ontogenetic scaling and determines how an 

organism grows over time. Facial width, however, does not follow the same growth pattern 
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that could be explained by ontogenetic scaling by itself. Instead, male faces develop a wider 

structure than females, while the top part of female faces become more elongated than males. 

This process begins and develops during puberty. This process results in the length of male 

faces being smaller in relation to the rest of the body, which may indicate a selection 

mechanism for shorter faces in males (Weston et al., 2007). In sum, several bodies of research 

suggest that the fWHR is a metric highly relevant to male faces (e.g. Carré et al., 2009; 

Geniole et al., 2012). Therefore, female faces will not be discussed further in this thesis. 

Continuing the topic of male facial scaling, testosterone levels are suggested to play a 

role in the size of fWHRs (e.g. Carré & McCormick, 2008; Lefevre et al., 2013; Verdonck, 

Gaethofs, Carels, & De Zegher, 1999). Research indicates that the hormone is especially 

involved with cranial growth during puberty in males. In 1999, Verdonck and colleagues 

published findings from a longitudinal study on boys with delayed puberty. They 

administered testosterone to the subjects for a year while observing them throughout the 

study. Initially, the facial measurements of the subjects with delayed puberty were smaller 

when compared to equally aged controls. However, cranial growth occurred with the 

administration of testosterone in the subjects. Importantly, the growth encompassed only the 

areas of the face which had not been on a normal development trajectory – i.e. the 

testosterone targeted only facial structures (including the upper face height which 

encompasses the cheekbones) that had previously been delayed in growth (Verdonck et al., 

1999). 

So, why have male faces developed this facial structure? Findings are suggesting that 

male facial structures were developed, not as features to attract mates, but to intimidate and 

compete against same-sex competitors (Geniole et al., 2015). Moreover, secondary traits in 

men such as beards have also been shown to serve as a method for instigating competition and 

intimidation against other males (Puts, 2016). However, the fWHR has in research been 
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shown to be a robust measure of aggression regardless of whether an individual has facial hair 

or not (Geniole, & McCormick, 2015). Instead, beards may add to the overall effect of a high 

fWHR, mimicking a high fWHR (Geniole et al., 2015). 

2.1.1 The fWHR: inter-sexual selection and intra-sexual competition. The hypothesis 

on the fWHR surrounds evolutionary sexual selection and intra-sexual competition. It is 

thought to have been primarily developed as an intra-sexual competition mechanism for male 

dominance, this to better be able to compete against other members of the same sex for 

reproductive success (Geniole et al., 2015). When regarding inter-sexual selection, the 

relationship to the fWHR is less clear. The link between attractiveness and femininity has 

been established previously (see. e.g. Rhodes, 2006). Whether there is any association 

between masculine facial traits and perceived attractiveness, however, remains uncertain. 

Studies have evaluated the possible relationship between the fWHR in males – or masculinity 

in general – and attractiveness with mixed results. Some studies have found no relationship 

between the fWHR and attractiveness (Geniole et al., 2012). Additionally, studies have 

reported negative correlations between attractiveness ratings and high-fWHR pictures. In a 

meta-analysis by Geniole and colleagues, this correlation was found to be stronger in 

experiments where there were a higher proportion of female raters. Females rated high 

fWHRs as being more unattractive than did males, even though the effect was true for both 

sexes. This result provides further support for the fWHR’s possible function as an intra-sexual 

competition mechanism primarily, rather than for attracting mates (Geniole et al., 2015). 

However, it is important to note that research has also suggested positive correlations 

between attractiveness and masculine facial structures (e.g. Gangestad et al., 2005; Penton-

Voak et al., 2001; Rhodes, 2006). In an article by Geniole and McCormick (2013), the mixed 

results have been hypothesised to stem from the cost-benefit association of masculinity and 

attraction. More specifically, the researchers hypothesized that aggression would negatively 
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influence ratings of attractiveness in masculine faces. By statistically controlling for 

aggression, the relationship between masculinity and attractiveness increased. Thus, the 

masculine trait of aggression is suggested to be negatively correlated with attractiveness, 

while other masculine traits correlate positively with attractiveness. However, Geniole and 

McCormick point out that aggressiveness in males – while unattractive – may have been 

viewed as a benefit for females when selecting a mate in situations where threat levels in the 

environment were high (Geniole & McCormick, 2013). 

Further, research has found that female preferences for masculine facial traits change 

depending on fertility as well as relationship length. Research has suggested a preference for 

masculine facial structures when fertile and for short-term relationships. Masculine traits thus 

carry a possibly favourable genetic makeup for reproduction – but not for long-term mate 

choice (Gangestad et al., 2005). Moreover, facial symmetry and attractiveness have 

consistently been found to correlate with each other (e.g. Gangestad et al., 2005; Little et al., 

2008; Penton-Voak et al., 2001). Additionally, masculine faces have been linked as a cue of 

health (Thornhill & Gangestad, 2006) and may also be a driving force in sexual selection. 

Bizygomatic cheekbone width is considered both as a masculine as well as an attractive trait 

(e.g. Penton-Voak et al., 2001; Rhodes, 2006) which could provide support for the fWHR as 

containing, at least in part, features for sexual selection. 

One possible explanation for the different attractiveness ratings of masculine faces in 

research may be the use of averaged composite male faces – wherein masculine facial traits 

diminish in a way not seen for the female counterparts. More specifically, typically masculine 

features such as a heavy jawline can become more rounded and less masculine when using 

composites. Another issue with male composites is that skin textures risk becoming smoother, 

thus appearing softer and less masculine than typically rough or coarse male skin. 
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Attractiveness ratings increase when comparing results from studies using non-manipulated 

faces instead of composites (Rhodes, 2006).  

In sum, it remains unclear whether qualities found to be associated with the fWHR 

specifically are involved with inter-sexual selection, i.e. males’ ability to attract females. An 

extensive amount of research suggests that masculine facial structures have evolved as an 

intra-sexual selection mechanism (Puts, 2016) and also that masculine traits may overlap with 

traits associated with attraction (Geniole & McCormick, 2013). However, research has also 

indicated that attractiveness may have been a driving force in the evolutionary development of 

facial morphology by way of sexual selection (Weston et al., 2007). Further, this leaves the 

discussion of the fWHR, masculine facial traits and attractiveness open-ended and in need of 

further examination. 

2.2 The fWHR and Other Masculine Facial Traits 

Several facial features are considered to be typically masculine traits, including a high 

fWHR as well as a wider jawline and heavy brows (e.g. Gangestad et al., 2005). Social 

judging and evaluation occur primarily in the upper part of the face and eyes, which is why 

the fWHR may be one of the immediate metrics that are seen and evaluated (Geniole et al., 

2015). However, the brows sit in a place where they may come to form a possible confound 

for the validity of the fWHR as a main predictor of male aggressiveness and dominance. 

Moreover, lowering of the brows is a response usually associated with anger and angry facial 

expressions. Additionally, research has suggested that lowering the brows also increases the 

fWHR. That is, angry facial expressions may serve to emulate a higher fWHR (Carré et al., 

2009). However, in opposite findings, angry facial expressions have been suggested not to 

influence the fWHR when compared to faces with a neutral expression (Kramer, 2016). In the 

same article, Kramer tested various confounds that could serve to influence the fWHR, with 

the aim of the article being to apply more caution when choosing stimuli to investigate the 
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ratio. The conclusion reached was that camera angles, as well as happy faces, could serve as 

confounds, although sad and angry facial expressions did not. 

There has also been a discussion regarding expected aggression and a high fWHR. The 

strong link between the two may come from social cues, wherein people may anticipate 

aggression from a facial structure, thus enforcing the propensity for aggression in high-fWHR 

individuals (Carré et al., 2009). However, this assumption still relies on the innate cue of a 

high fWHR signalling aggression.  

It may be possible to strengthen weak morphological facial features with angry facial 

expressions. From an evolutionary perspective, a high-fWHR is a favourable male facial 

structure and emulating a higher ratio (with an angry facial expression) may increase chances 

of intimidating other males, resulting in a higher chance for reproductive success. However, 

as briefly mentioned, it is not agreed upon in what way brow structure or angry expressions 

may affect differing fWHRs, whether they depend on similar systems or are additive. Further, 

an angry facial expression may elicit a reaction without the fWHR, putting into question 

whether a naturally high fWHR would produce similar reactions as, say, a lower fWHR with 

an angry expression. Therefore, more research is needed into these confounds as they at this 

moment are not easily separable. 

2.3 Discrepancies in the fWHR Literature 

Although the fWHR is a widely tested metric, there are several unanswered questions 

regarding the effects of other facial features as well as more fundamental assumptions 

regarding the measure. As mentioned in a previous section, there have been links found 

between testosterone levels and overall face width in a study by Lefevre and colleagues 

(2013). However, the results suggested that while the fWHR correlated with testosterone, it 

was not sexually dimorphic. Other research has also suggested that the metric may not be 

sexually dimorphic (see, e.g. Kramer, 2017; Lefevre et al., 2012; Özener, 2012). Importantly, 
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the current discussion within the research field does not question the fWHR as a facial metric 

correlated with aggressive traits or social cues. Consequently, alternative hypotheses have 

formed within the fWHR literature.  

A meta-analysis by Kramer (2017) discussed the fWHR and sexual dimorphism. In this 

analysis, face structure, skull structure as well as ethnicity were considered. A small 

significant correlation was found for sexual dimorphism, although only one subgroup was 

sexually dimorphic when evaluating ethnicity and the fWHR. Therefore, Kramer suggests that 

the small effect which was found warrants further research into alternative hypotheses. One 

suggestion made by Kramer is that soft tissue, not face or skull structure, may be sexually 

dimorphic. Further, this may influence the social cues commonly associated with the fWHR 

(Kramer, 2017). The view against sexual dimorphism and the fWHR has been contested but 

will not be further discussed in this thesis (see Köllner, Janson, & Schultheiss, 2018 for a 

response to Kramer regarding sexual dimorphism in the fWHR). 

Some hypotheses have linked the fWHR to perceived expectations of specific face 

shapes, which, in turn, would lead to enforcement of developing aggressive traits (Kramer, 

2017). As discussed in the previous section, the fWHR shares features with angry facial 

expressions (Carré et al., 2009). However, the outline of the relationship is not clear. The 

relationship between anger and the fWHR may stem from behavioural cues aimed towards 

high-fWHR individuals, prompting them to become more aggressive (Eisenbruch, 

Lukaszewski, Simmons, Arai, & Roney, 2018). The behavioural cues may elicit a self-

fulfilling prophecy, wherein a wider face is assumed to be aggressive, is treated as a potential 

threat, and subsequently starts acting in accordance to other people’s treatment, i.e. by using 

aggression (Haselhuhn, Wong, & Ormiston, 2013).  

Another hypothesis has associated infant fWHR with adolescent and adult aggression, 

proposing that fWHRs may influence behaviour earlier than previously suggested (Zebrowitz 
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et al., 2015). This hypothesis has found that face shape present during infancy may correlate 

with temperament later in life. Moreover, the fWHR measured at infancy correlated with face 

shapes present in early childhood when the same sample was measured years later. Further, a 

rounded face shape in adulthood correlated with a higher fWHR. Research suggests that the 

roundness of the face reads as non-threatening and baby-like. Therefore, the hypothesis 

suggests that males may compensate for a non-threatening face shape by becoming more 

aggressive. The authors suggest that the association between infant and childhood face shapes 

and behaviour indicate the presence of fWHRs existing already at infancy, which is 

considerably earlier than some theories have suggested (Zebrowitz et al., 2015). One such 

theory, outlined in chapter 2.1 in this thesis, wherein pubertal testosterone levels were 

suggested to affect the fWHR (Verdonck et al., 1999).  

2.4 Empirically Testing fWHR  

This section provides information regarding EEG, the method chosen to test the fWHR 

in this thesis empirically. Research on two ERP components is discussed, together with the 

justification as to why they are appropriate measures to use for this study. 

2.4.1 The late positive potential. Testing the fWHR commonly entails picture viewings 

of faces as well as various questionnaires. However, the fWHR has not been tested using EEG 

before. The use of EEG provides a temporal accuracy of the reactions to the stimuli. Event-

related potentials (ERPs) can further link stimuli to specific electrical potentials recorded 

from the scalp of subjects in a given particular time-window. 

The late positive potential (LPP) is an ERP component linked to emotional arousal and 

has been widely tested and used (e.g. Cuthbert, Schupp, Bradley, Birbaumer, & Lang, 2000; 

Hajcak, et al., 2010; Liu, Huang, McGinnis-Deweese, Keil, & Ding, 2012; Schupp et al., 

2004). The LPP component has an onset of 350-400 ms after a stimulus has been presented to 

a subject and is a long-lasting, positive deflection with effects remaining up to seconds after 
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the presentation of the stimulus. The component is recorded posteriorly in the brain, 

predominantly from the centroparietal area and has been shown to increase to both negative as 

well as positive affective content as compared to neutral stimuli. The stronger this affective 

content is, the higher the LPP amplitudes (i.e. the stronger the negatively or positively 

valenced content presented should result in successively higher amplitudes; Hajcak et al., 

2010). The LPP has been seen to last longer with negatively valenced images over positively 

valenced images – although all emotional content produces a longer lasting LPP when 

compared to neutral stimuli. This indicates that the component is more responsive to negative 

content. Further, this finding adds to the notion that valenced content is affected by a 

negativity bias (Hajcak & Olvet, 2008). Further, the LPP amplitude seems to differ depending 

on the subject’s susceptibility to negatively emotionally valenced contents. Changes in LPP 

amplitude appear to be responsive to emotion regulation processes as well as being responsive 

to threatening stimuli automatically. This suggests that the LPP is involved in both quick, 

bottom-up processing as well as in more cognitively demanding top-down processing (Hajcak 

et al., 2010). The LPP is suggested to respond to emotional stimuli even when presented with 

emotional content repetitively. That is, the signal appears to persist over time when contrasted 

with neutral compared to emotional stimuli (see, e.g. Hajcak et al., 2010). It is important to 

note, however, that the extent to which the LPP signal persists over extended periods of time 

is not clearly outlined in LPP literature. 

The neural substrates of the LPP are not clearly established. However, research suggests 

that posterior parietal areas are active during LPPs, along with occipital areas. Moreover, 

research indicates that areas involved with executive control are negatively associated with 

the LPP. That is, attentional mechanisms seem to activate together with the LPP, while further 

top-down mechanisms lead to smaller LPPs. Consequently, LPPs are theorized to be larger 

when the allocation of cognitive resources are lower (Weinberg & Hajcak, 2011). This would 
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be in line with research indicating that the LPPs are automatic and responsive to, for instance, 

immediate and possibly threatening stimuli.  

The inverse problem is a big issue in electrophysiological research. In broad strokes, the 

concept refers to the problem of locating the exact origins of data collected. More specifically, 

when discussing EEG, the data refers to the electrical potentials recorded from the scalp. The 

number of possible origins of the recorded activity is large, thus resulting in the difficulty of 

knowing what exactly is being measured. As a result, while EEG-data can be useful in 

examining neural processes, the strength of the conclusions we can draw are limited (Luck, 

2014). However, by combining neural imaging methods with electrophysiological methods 

could provide more contextual information regarding the processes recorded using EEG. 

In a 2012 article, Liu and colleagues examined the neural basis of the LPP using a 

combination of EEG and functional magnetic resonance imaging (fMRI). FMRI typically 

measures blood oxygenation levels, allowing for high spatial resolution. As blood flow is 

relatively slow, the temporal resolution of fMRI is low. Combining EEG and fMRI could 

provide researchers with both spatial as well as temporal resolution, illuminating time course 

as well as origins of the neural processes researched. Liu et al. examined correlations between 

LPP amplitudes and blood oxygenation level-dependent (BOLD) activity for neutral images 

compared to images signalling positive or negative emotional arousal. The negatively charged 

stimuli elicited a higher LPP and activated both the insula, which plays a role in emotion 

processing and emotion regulation, as well as ventrolateral prefrontal cortices. For positively 

valenced images, the LPP-BOLD correlations were found in medial prefrontal regions and the 

nucleus accumbens, an area commonly associated with reward processing. Common 

activations for both positive and negative images were found in parietal areas, specifically the 

posterior parts of the cingulate cortex as well as the precuneus. Further, other common 

activations between positive and negative images relate to the amygdala, commonly 
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associated with emotion processing. Taken together, the involvement of areas dealing with 

emotion processing as well as parietal areas dealing with attention provides a slightly clearer 

picture of the neural mechanisms behind the LPP (Liu et al., 2012).  

LPPs are associated with the processing of threatening facial expressions. It is theorised 

to derive from an evolutionary standpoint, where the identification of threatening faces is a 

priority over neutral or friendly ones. Threatening faces have been seen to produce a 

significantly higher LPP amplitude than neutral or friendly facial expressions (Schupp et al., 

2004).  

Therefore, using the LPP would be an appropriate measure of testing the effects that the 

fWHR have on subjects, as the fWHR, as mentioned, is an evolutionarily important metric 

with high ratios expected to influence the LPP component. 

2.4.2 The vertex positive potential. An additional ERP component that has been 

associated with faces as well as positively and negatively valenced images is the vertex 

positive potential (VPP) (e.g. Foti et al., 2010; Smith, Weinberg, Moran, & Hajcak, 2013). 

The VPP is a positive deflection occurring at around 140-180 ms post-stimulus at the vertex 

(i.e. centrally located and measured at the Cz electrode site). The VPP is the positive 

counterpart of the N170 ERP component, occurring at the same time course, with both 

components reacting to facial stimuli (Joyce & Rossion, 2005). There has previously been a 

discussion regarding whether the VPP/N170 components respond to emotionally valenced 

images (see, e.g. Ashley, Vuilleumier, & Swick, 2004), although research showing an 

association between emotional content and the components has grown in recent years (Foti, et 

al., 2010; Smith et al., 2013). The neural mechanisms behind the N170/VPP are suggested to 

originate in the superior temporal sulcus, an area thought to be implicated in facial recognition 

processes (Itier & Taylor, 2004).  
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Analysing the VPP and the LPP in the same study is possible as both are recorded in 

proximity to central brain sites and can use the same reference electrodes in data acquisition 

and analysis (see, e.g. Hajcak, Weinberg, MacNamara, & Foti, 2012). Measuring the VPP in 

response to the fWHR as well as to angry facial expressions is, therefore, a possibility, as 

some bodies of research have found connections between the VPP and emotionally valenced 

facial expressions. 

2.5 Aim and Hypotheses of the Present Study 

 The aim of this study was to compare how anger and the fWHR could affect the LPP 

and VPP. No prior research has explored the relationship between viewing faces with angry 

facial expressions and high fWHRs by looking at questionnaires or ERP-components. This, 

despite frequently linking anger as a facial expression and the fWHR together (see, e.g. Carré 

& McCormick, 2008; Geniole et al., 2015). 

I wanted to see whether there was any difference in how we process angry faces 

compared to high fWHRs, whether there was any difference in mean amplitude between them 

and whether they could affect the LPP/VPP more so added together (angry, high fWHR) 

rather than apart (neutral, high fWHR vs angry, low fWHR). My hypotheses for this study 

was the following: when presenting faces with either neutral or angry facial expressions, with 

high or low fWHRs, the high fWHR-angry face will elicit the largest effect on both the LPP 

and facial threat ratings. The low, neutral face should instead elicit the smallest effect of all 

the faces. 

3. Method 

3.1 Participants 

A total of 28 participants were recruited to participate in this study (12 female, 16 male). 

All participants were registered Swedish and international students at the University of 
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Skövde and were between 18-40 years of age (mean age ± SD: 26.50 ± 4.005), right-handed, 

had normal or corrected to normal vision and were fluent in English. Further, all participants 

reported having no current ongoing neurological or psychiatric illness, epilepsy or colour 

blindness. One participant requested their data to be removed from the study, although they 

did not give any specific reason as to why. Subsequentially, all data from this participant was 

deleted. Ethical approval was in line with the declaration of Helsinki (World Medical 

Association, 2013).  

3.2 Design 

The study was split into two separate tasks, a questionnaire task and a picture-viewing 

task. The questionnaire task included several questionnaires not relevant to the current thesis. 

This, as several students researching different aspects of facial processing used the same 

experimental setup. Participants completed the questionnaire task without EEG-recordings. 

The picture-viewing task was conducted with EEG-equipment to investigate the late positive 

ERP component.  

For the questionnaire task, Likert-scale questionnaires were presented in a pseudo-

randomized order on a computer screen, to be answered using a keyboard. For this thesis, the 

only relevant task was facial ratings. In the facial ratings, a total of 8 individual facial stimuli, 

later to be used in the picture viewing task, was presented for the duration of 1500 ms to the 

participants. Following this, participants rated the level of threat the face expressed on a scale 

from 1 (not at all threatening) to 9 (extremely threatening). For the picture viewing task, EEG 

was recorded as the participants viewed facial stimuli.  

3.3 Procedure  

The participants were welcomed to the lab and proceeded to read through information 

about the study in order to provide consent. When consent had been given, the participant was 

led into the testing room to sit in a chair in front of a 23” LED screen. The screen had a 1920 
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x 1080-pixel resolution as well as a 60 Hertz frame rate. The distance from the chair to the 

screen was measured out to be approximately 105 cm. Additionally, the room had dim 

lighting, and a temperature of 23-25°C with constant air conditioning switched on to sustain 

air temperature and quality. Pre-chosen music lists (chosen by the participants) started as the 

participants went into the room to counteract possible tiredness in participants or tediousness 

of the tasks. Then, a stretchable EEG electrode cap (g. GAMMAcap) was fitted to the 

participant’s head.  

The questionnaire task commenced as the gelling procedure started. The participants 

were told to read through the instructions and were given a keyboard to report their answers. 

The questions were displayed on the screen in front of them using E-prime 2.0. The picture 

viewing task commenced once the participants had answered all questionnaires. The 

participants were once again told to read through the instructions on the screen, and the 

keyboard was replaced with a hand controller. Once possible questions from the participant 

had been answered, the EEG-recoding and the picture viewing task began. An opportunity to 

take a shorter break existed between each block. Importantly, the participants viewed the 

faces without any specific instructions on how to interpret them. A longer break was provided 

halfway through the picture viewing task, where the participant could be unplugged from the 

amplifier. The experimental session lasted approximately one hour, with the picture-viewing 

task taking around 35 minutes. Once the experiment had ended, the cap was removed from the 

participants. We then fully debriefed the participant regarding the aims of the experiment. 

3.4 Stimuli 

The facial stimuli were generated using the FaceGen Modeller Core version 3.18 

(Singular Inversions). The stimuli were created to reflect different facial expressions, varied 

fWHR and age. There were two levels of each independent variable, i.e. neutral vs angry 

facial expressions, low vs high fWHR and young vs old faces, creating 8 distinct faces. The 
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age of the faces was either the default for the FaceGen Modeller programme or the age sliders 

set to their maximum level for the old facial stimuli. Further, the grey background of the 

facial stimuli had an RGB index of 152, 152, 152. As the stimuli were created using 3D facial 

modelling software, we could ensure that each level of the independent variable had identical 

values in the resulting faces, i.e. there was no variation between the categories. Thus, we 

could control for extraneous variables of all other facial features than the ones specifically 

studied in this experiment. 

 

Figure 1. FaceGen Modeller faces. A) Low fWHR faces, with a neutral expression (left) 

and an angry facial expression (right). B) High fWHR faces, with a neutral expression 

(left) and an angry facial expression. 

Each face was presented for 1500 ms each, followed by a blank screen with a 

randomized jittered latency of 300-500 ms, followed by a fixation dot presented for 400 ms. 

The total stimulus onset asynchrony for the picture viewing task ranged between 2200-2400 

ms. The 8 facial stimuli were presented over a total of 12 blocks, with 64 faces displayed in 

each block. This, amassing to a total of each face being displayed 96 times (i.e. per stimulus 

category) for a grand total of 768 displayed facial stimuli during the picture-viewing task. The 

order of the stimulus presentation was pseudo-randomized so that no one individual face was 
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presented two times in a row, and all faces were presented an equal amount of time. 

Moreover, an attention task which consisted of a closed-eyed face had a ⅛ chance of 

appearing. The participants had been instructed to react with a button press and had their 

reaction times recorded. However, the closed-eyed attention task face added to each block 

was removed from the subsequent analysis and is thus not counted as a facial stimulus in the 

experimental setup. Both the questionnaires and the stimuli were presented, recorded and 

saved using E-prime 2.0 (Psychology Software Tools).  

3.5 Equipment 

The EEG signal was recorded using one g.USBamp amplifier and one g.GAMMAsys 

interface (g.tec medical engineering GmbH, Austria). The signal was then sent to a computer 

connected to the amplifier. The EEG data were acquired in MATLAB v8.5.1.281278 

(MathWorks, 2019). The EEG data were recorded with an online eighth-order Butterworth 

lowpass filter with a half-power (-3dB) cutoff at 60 Hz. The chosen sampling for this study 

was at a rate of 256 Hz. For this study, brain activity was recorded using 17 active Ag/AgCl 

electrodes (g.LADYbird electrodes, manufactured by g.tec). Their placements were chosen in 

line with the International 10/20 placement system. Two stretchable electrode caps 

(g.GAMMAcap), were used with sizing relating to the circumference of the head, either 

medium (54-58cm) or large (58-62cm). The two EOGs used for monitoring eye movements 

and blinks were positioned at the right external canthus and suborbit of the right eye and 

attached with an adhesive. The online reference used was an electrode placed on the right 

mastoid, attached with an adhesive. The reference would later be re-referenced offline to the 

average mastoids. The ground electrode position chosen was FPz. As prior research has found 

that the LPP is most pronounced over central-parietal sites (e.g. Weinberg & Hajcak, 2010; 

Weinberg & Hajcak, 2011), the electrode positions used for this experiment consisted of a 

central-parietal (CP) cluster (Cz, CPz, Pz, CP1, CP2) along with the following electrodes (Oz, 
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P5, P6, FC3, FC4, AF3, AF4, Fz). The active electrode impedances were transformed by the 

system to output impedances of approximately 1kOhm. 

Offline analysis was performed using the toolboxes EEGLAB v13.6.5b (Delorme, & 

Makeig, 2004) and ERPLAB v.7.0 (Lopez-Calderon, & Luck, 2014) in MATLAB 2017a. The 

data were filtered offline with a 180th-order stopband notch filter at 50 Hz (to eliminate line 

noise). A pre-processing step was added for the removal of artefacts with Independent 

Component Analysis (ICA). ICA identifies regularly occurring artefacts such as muscle 

movement and blinks. The data for ICA analysis were filtered with a second-order 

Butterworth bandpass filter with a half-power (-3dB) cutoff at 1 and 30 Hz (increased high-

pass filter settings are recommended when running the ICA analysis). Further, the data was 

divided into epochs of 1900 ms, consisting of a 400 ms pre-stimulus baseline and 1500 ms 

post-stimulus period. This was followed by the Multiple Artefact Rejection Algorithm 

(MARA), a continuation of the ICA software wherein components containing artefacts were 

automatically marked for removal (Winkler, Haufe, & Tangermann, 2011). Then, the ICA 

weights were transferred back onto the pre-processed data. The data used for analysis were 

filtered with a second-order Butterworth bandpass filter with a half-power (-3dB) cutoff at 0.1 

Hz and segmented into the same epoch latencies as for the ICA analysis. Step-wise artefact 

rejection was performed in ERPLAB 7.0 (all epochs containing step-wise activity greater than 

100 μV in a moving window of 200 ms with a step size of 20 ms were rejected). 2 subjects 

with an artefact detection rate above 20.0% in total (across all conditions) were rejected from 

further analysis. For the remaining subjects (N = 25), epochs were averaged for each 

participant as well as for each experimental condition, and low-pass filtered at 30 Hz to aid in 

visual inspection.  
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3.6 Data Analysis 

I carried out all analyses in SPSS v.25, on mean ERP amplitudes across specific time 

windows: the early and late LPP (400-1000 ms and 1000-1500 ms respectively). The latencies 

were chosen based on prior research (e.g. Weinberg & Hajcak, 2010). For the VPP, the 

latency chosen was 140-200 ms. The electrode sites chosen for all LPP analyses were the CP-

cluster while the VPP was measured at Cz. All the relevant conditions were subjected to a 

within-subject 2x2x2x2 repeated-measures ANOVA. I conducted paired-samples t-tests as a 

post-hoc measure on the significant interactions indicated by the ANOVA. The facial ratings 

were collected from all 28 subjects. In the picture-viewing task, EEG-data from 25 subjects 

were included in the analysis. As previously mentioned, two subjects had high artefact 

rejection rates and were excluded from further analysis. Moreover, data from one subject was 

excluded from analysis due to poor-quality data. 

4. Results   

In this chapter, the results of the study are presented, beginning with descriptive statistics 

regarding the subjective facial ratings. Then, I present inferential statistics on the picture-

viewing task regarding the LPP and VPP components. Lastly, the P3 component is analysed 

in connection to the picture viewing task as a post hoc measure. 

4.1 Subjective Facial Ratings 

Descriptive statistics were calculated from each of the subjects’ subjective ratings of the 8 

individual faces (see Table 1). Participants rated angry faces as more threatening overall, 

irrespective of fWHR or age. Further, the high fWHR angry faces were rated higher than the 

low fWHR angry faces. Moreover, participants rated all old faces as more threatening than the 

corresponding young faces. The highest rated face was the old, high fWHR angry face (6.54 ± 

0.419) followed by the young, high fWHR angry face (6.39 ± 0.396). The lowest rated face 

was the young, low fWHR neutral face (1.82 ± 0.212) followed by the old, low fWHR neutral 
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face (2.39 ± 0.288). As the variable ‘age’ will not be used in this thesis, all future analysis 

disregards possible interactions this variable may have. That is, all facial categories (including 

age) are analysed, although disregarding any significant results that include age as a factor. 

 

Table 1. Descriptive statistics of the mean facial ratings for each face, including ±1 

standard deviation. Light blue bars indicate the neutral faces, while dark blue bars 

indicate angry facial expressions. 

4.2 Picture-Viewing Task 

Repeated measures ANOVAs were calculated for all data sets. The data analysis 

conducted with the LPP split into an early and late latency due to the waveform indicating a 

difference between the time spans (see Figure 3 for the grand average waveform). An 

additional ANOVA was conducted on data for the VPP. Due to the grand average waveform 

depicting, upon visual inspection, a large P3 component (a component that occurs at a latency 

of approximately 200-400 ms at posterior electrode sites; Luck, 2014) a post hoc analysis 

consisting of a repeated measures ANOVA was generated (See Figure 4 for the grand average 
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waveform containing the VPP and P3 components). All post hoc analyses conducted 

consisted of paired t-tests. A significance level of .05 was used for all analyses.  

4.2.1 The LPP. A 2x2x2x2 ANOVA was conducted with the factors: time (the early LPP 

with a latency of 400-1000 ms and the late LPP with a latency of 1000-1500 ms), fWHR 

(high vs low), expression (angry vs neutral) and age (young vs old). Significant interactions 

were found between fWHR and expression (F(1,24)=5.69, p=0.025), in addition, a significant 

interaction was found between expression and time, (F(1,24)=14.74, p=0.001) although there 

was no significant interaction between fWHR and time (F(1,24)=0.30, p=0.59, ns.). A three-

way interaction was found between fWHR, expression and time (F(1,24)=11,60, p=0.002). 

When plotted in a line chart, the effect appeared largely in the early LPP latency. 

Additionally, the overall means of the early latency were larger than the late latency. 

Therefore, the post hoc analysis included only the early LPP latency. The post hoc analysis, a 

paired samples t-test, regarding the effect on mean amplitude revealed by the ANOVA for 

fWHR, expression and time in the early LPP latency revealed that the angry high fWHR 

facial stimuli produced a significantly higher mean amplitude than all other faces, for the 

neutral, low fWHR (t(24)=2.90, p=0.008), angry, low fWHR (t(24)=3.10, p=0.005), and the 

neutral, high fWHR (t(24)=3.91, p=0.001). 

 

Figure 3. Grand average of the mean amplitude for the LPP in the CP-cluster (Cz, CPz, 

CP1, CP2, Pz) for the four facial categories with the age variable collapsed. 



VISUAL PERCEPTION OF THE FWHR  29 

 

4.2.2 The VPP. A repeated measures 2x2x2 ANOVA with the factors fWHR, expression and 

time revealed a significant interaction between fWHR and expression (F(1,24)=12.97, 

p=0.001). Further analysis with a paired samples t-test showed significant differences in mean 

amplitude for the VPP between high fWHR angry faces and all other categories, for the 

neutral, low fWHR (t(24)=4.672, p<0.001) the angry, low fWHR (t(24)=4.42, p<0.001) and 

for the neutral, high fWHR (t(24)=5.89, p<0.001).  

Thus, the first hypothesis is supported, with the angry high fWHR face producing the 

highest overall mean amplitude when compared to all other facial stimuli in both the early 

LPP latency as well as in the VPP (p<0.05). The second hypothesis, however, is not supported 

as the neutral, low fWHR face does not produce the lowest mean amplitude and does not 

differ significantly from the other facial stimuli (ns). 

Figure 4. Grand average depicting the mean amplitude of the VPP (140-180 ms) and the 

P3 (200-400 ms), measured at the Cz electrode, for the four facial categories. 

4.2.3 Post hoc analysis of the P3. A post hoc 2x2x2 repeated measures ANOVA with the 

factors fWHR, expression and time were conducted for the mean amplitude of the P3 ERP 

component, revealing a significant interaction between fWHR and expression (F(1,24)=16.05, 
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p=0.001). A post hoc, paired samples t-test revealed a significantly increased mean amplitude 

in the P3 latency for the angry, high fWHR face compared to all other faces, for the neutral, 

low fWHR (t(24)=5.974, p<0.001), the angry, low fWHR (t(24)=5.94, p<0.001) and for the 

neutral, high fWHR (t(24)6.062, p<0.001).  

5. Discussion 

The first part of the discussion deals with the picture-viewing task results, both in general 

and in response to the different ERP-components. The second part of the discussion is a 

general analysis of the thesis taken together with results from the study. 

5.1 Discussion of the Picture Viewing Task 

 Prior research on the fWHR indicates that it, as a facial metric, measures a structural 

relation that could correspond with threat, aggression and dominance (e.g. Carré et al., 2009). 

High fWHRs are also hypothesized to resemble angry facial expressions (e.g. Geniole et al., 

2015). The aim I had in this thesis was to, by using electrophysiological recordings and 

subjective ratings, explore possible effects of the fWHR and angry facial expressions, both 

alone and combined. Additionally, this study was conducted to see whether there were any 

specific differences in reaction between the factors fWHR and anger. I wanted to explore the 

two factors as prior research has associated them with each other (e.g. Geniole et al., 2015), 

although without stating the exact nature of that association. Therefore, the hypothesis for this 

study was, when presenting faces with either neutral or angry as well as high or low fWHR 

faces, the high fWHR-angry face will elicit the largest effect on the ERP components. The 

neutral, low fWHR face should instead elicit the smallest effect of all the faces. Further 

analysis was going to be conducted on the relationship between the angry, low fWHR face 

and the neutral, high fWHR face. However, as there were no significant differences between 

the two facial stimuli, further analysis was not carried out.  
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5.1.1 Discussion of the LPP. When regarding both the early and late LPP, the angry high 

fWHR face produced the highest mean amplitudes, although only reaching significance in the 

early LPP time span. The remaining facial stimuli categories did not produce any significant 

differences in either latency. An additive effect appears when combining both a high fWHR 

as well as an angry facial expression. The additive effect indicates that a high fWHR alone 

does not elicit as strong of a rating (or LPP) in relation to threat or aggression as previously 

hypothesized (e.g. Geniole et al., 2012). Further, this raises an important and perhaps 

overlooked point, namely that there may be an issue of confounds not controlled for when 

studying the fWHR. The study conducted by Geniole and colleagues (2012) compares male 

faces with female faces, concluding that aggression may serve as an honest signal in males 

but not females. While this conclusion holds for the contrast between the sexes, there is little 

support for the fWHR compared within a male group to establish that the ratio alone is 

enough to signal threat to the same extent. This may also be an essential point when looking 

at the fWHR as an intra-sexual selection mechanism, which is hypothesised to have primarily 

arisen for competition within the male sex, not between the sexes (Geniole et al., 2015). 

Therefore, the differences within the male sex are arguably more essential for the theory than 

differences between the sexes. 

 When regarding the subjective threat ratings, high fWHRs were all rated slightly higher 

than their low fWHR counterparts, although anger provided the biggest impact on the ratings 

overall. For the LPP, anger affected the mean amplitude significantly for the high fWHR only. 

Moreover, the lowest of all LPP amplitudes, however not significantly so, was the neutral, 

high fWHR face. The addition of an angry facial expression on the neutral, high fWHR was 

the factor creating an overall significantly more threatening face.  

Another important point arises when regarding what the LPP reflects. As the subjective 

threat ratings increased with angry expressions and high fWHRs, it would be expected that the 
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same pattern would emerge from the LPP if it truly reflected threat. As this was not the case 

when analysing the LPP, there is a possibility that the ERP-component reflects something 

other than threat.  

As previously mentioned in section 2.3, the LPP is thought to increase in mean amplitude 

when participants are presented with negative emotional content over neutral content and 

increasing with the stronger the emotional stimuli (Hajcak et al., 2010). It could be so that the 

angry, high fWHR face signalled significantly stronger emotional content, not threat per se, 

when compared to the rest of the faces. There may be a partial overlap between threat and 

emotional arousal in our set of facial stimuli, where the angry, high fWHR face signalled both 

the highest levels of threat, as seen from the subjective facial ratings, and the strongest 

negative emotional signal, as reflected in the LPP. The rest of the facial categories may have 

followed a predictable pattern of rated threat levels but without differing levels of emotional 

arousal. 

5.1.2 Discussion of the VPP and the post hoc P3 analysis. In line with the results from 

the analysis of the LPP, the mean VPP amplitudes were significantly increased for the angry 

high fWHR face compared to all other faces (p<0.001). Notably, the significant effect of the 

facial stimuli was larger than those of the LPP. Further, as the VPP has been hypothesized to 

be sensitive to both faces as well as emotionally valenced images (e.g. Smith, et al., 2013) the 

results indicate that the angry high fWHR face produces the highest overall negative 

emotional arousal. Moreover, this result provides additional support in the discussion 

regarding the association between the VPP and negatively valenced faces. 

Further, a post hoc analysis was conducted on the P3 component as a visual inspection of 

the grand average waveform created for both the LPP and the VPP at central-parietal 

electrode sites reflected an effect on the P3 in response to the facial stimuli. The results of the 

P3 were in line with those of the early LPP latency and the VPP. The angry, high fWHR face 
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elicited a significantly higher mean amplitude on the P3 when compared to all other facial 

stimuli. In order to further examine the results, some additional context is needed regarding 

the P3 component concerning the current study. The neural basis of the P3 component is not 

clearly outlined. However, research suggests that frontal regions, as well as temporal and 

parietal regions, are involved in different P3-subcomponents. Firstly, frontal areas seem to 

covary with a so-called P3a component as a response when attention is directed to a stimulus. 

Further, task-oriented stimuli appear to activate a P3b component, as well as temporal and 

parietal regions (Polich, 2007). In sum, the P3 component can appear in connection to 

emotionally valenced images, usually in connection to specific tasks within an experiment 

(Luck, 2014). However, this study had no specific task (i.e. passive viewing) other than the 

attention task, a task not included in the analysis. One possible, although highly speculative, 

explanation as to why the P3 not only could be seen in the waveforms but also produced 

highly significant effects in connection to the angry high fWHR face (p<0.001) could be due 

to the hypothesized evolutionary significance of the fWHR (e.g. Geniole et al., 2015). If the 

fWHR angry face elicits a reaction in subjects due to the face signalling threat, it may be so 

that viewing these faces require further processing than would a neutral face. This difference 

in facial processing may indicate an internal task, differentiating between threat vs non-threat 

targets. Processing of threatening faces differing from neutral faces has been discussed 

previously in this thesis and by prior research (e.g. Schupp et al., 2004). Another possible 

explanation is that the VPP has not had time to return to its baseline before the P3 component. 

However, it is again important to note that these are exploratory findings, which would 

require further research in order to make any conclusions. 

5.2 General Discussion 

Interestingly, the results from all ERP analyses followed the same pattern. The angry high 

fWHR face elicited enough negative valence and threat to significantly influence the LPP, 
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VPP as well as the P3. The significant effect of the angry, high fWHR face was larger for the 

VPP and P3 than it was for the LPP, although p-values were significantly below the alpha 

level chosen. There was no electrophysiological evidence of a high fWHR serving as a cue of 

threat on its own.   

In section 2.3, there is a description of the currently ongoing discussion regarding anger 

and the fWHR. Some open-ended questions stated were the relation between anger and the 

fWHR, whether they relied on separate and distinguishable systems, and whether effects of 

their respective threatening or aggressive signals were added onto each other or kept separate. 

I want to highlight results from a study by Kramer (2016) where angry facial expressions did 

not affect the size of the fWHR when comparing angry and neutral expressions in the same 

face. Kramer suggests that it may not be necessary to exclude facial stimuli expressing anger 

when researching the fWHR, as long as the ratio of angry faces is kept relatively low. Results 

from the present study show that angry faces do affect the fWHR, although not size-wise (as 

the ratio is kept constant within all high and low fWHR facial combinations), but in terms of 

the overall threat level. The significant effects seen across all ERP components were the 

interaction of angry facial expressions together with high fWHRs. This finding was 

corroborated when comparing with subjects’ subjective ratings of the faces, where all angry 

faces were rated markedly higher than the neutral expression counterparts. Therefore, a 

suggestion would be that angry expressions should be used with caution when studying the 

fWHR, even if included in smaller proportions compared to neutral faces, and even if the 

faces retain the same upper facial width with or without an angry facial expression. This, as it 

may produce significant confounds to the overall threat levels signalled by faces expressing 

anger, especially from faces that have a high fWHR. 

Interestingly, there was no significant difference between low fWHRs with angry 

expressions and high fWHR with neutral expressions in any latency analysed in this study. 
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We can interpret the lack of a difference between low and angry fWHRs and high and neutral 

fWHRs in different ways. Perhaps the two categories produce similar reactions in the LPP, 

VPP and P3 because they convey the same amount of threat, thus being in line with studies 

hypothesising that the high fWHR faces naturally creates an angry disposition (e.g. Geniole et 

al., 2015). Although, that would not explain why neither the low, angry or high, neutral 

fWHR faces were seen as threatening, as both faces produced a mean amplitude similar to the 

low fWHR neutral face, which would arguably not elicit any threatening reaction to a viewer. 

Further, a possible reason for the lack of significance in the angry, low fWHR face may stem 

from the facial stimuli used in the study. This, due to the angry facial stimuli being relatively 

subtle (a choice made for the sake of the stimuli to still look relatively normal, rather than 

overly exaggerated). Therefore, if increased in the facial stimuli, anger may have had a greater 

impact on its own on the ERPs. Additional speculation that may be worth investigating further 

regards to the sensitivity of the components. It may be so that the ERP components are more 

sensitive to stark contrasts than to subtle changes. As a suggestion, researchers may want to 

investigate how the LPP reacts when subtly differentiated faces are presented to subjects 

consecutively.  

Continuing on the subject of contrasts and subtle changes, researchers have suggested that 

a high fWHR takes on a subtle form of aggression and that an actual angry facial expression 

would produce a stronger signal of aggression (Geniole et al., 2012). If the strength in threat is 

increased a small step for each of the faces analysed in this study (neutral and angry low 

fWHR and neutral, high fWHR), except for the angry high fWHR face (which presumably 

signalled much more threat than the rest due to an additive effect of both high fWHR and 

anger), the contrasts between each face may have been too subtle for the ERP components to 

respond to. 
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Another question that remains unanswered relating to both anger and the fWHR is in what 

way the fWHR acts as a cue of threat. We can from the results see that anger and fWHR 

together elicit a larger effect on ERP components related to emotional arousal. What we 

cannot see is what factor is causing the effect. A previous study has suggested that assessing 

expressions in neutral faces bearing a structural resemblance to an emotional expression risk 

being misjudged (Said et al., 2009). A facial structure subtly resembling anger, such as the 

fWHR, could elicit a cue of threat due to its likeness to angry faces (e.g. Carré et al., 2009; 

Geniole & McCormick, 2015). We see in this study that the possible cue of threat elicited 

from a neutral, high fWHR can only be measured from subjective threat ratings, not from 

EEG-recordings. Further, the small increase in the subjective threat ratings for the neutral, 

high fWHR face is difficult to analyse for several reasons. Firstly, the ratings came from a 

relatively small sample. Secondly, participants only witnessed and rated each face once. 

Further, the angry facial expressions elicited a much higher threat rating, regardless of fWHR.  

Regarding the relation between anger and fWHR, it is still an open-ended question 

whether they rely on similar systems and have a similar time course – which may be the 

reason for lack of any significant differences seen between the two factors in this study. 

Another possible explanation could be that there is a difference between angry facial 

expressions and the fWHR that has not been revealed as a result of this study’s design 

choices. 

The significant effects seen in this study are in line with previous research on the 

sensitivity of the LPP when presented with threatening stimuli (i.e. an increased mean 

amplitude for the angry, high fWHR face in contrast to the other facial categories). The 

findings are in line with studies of the LPP and threat (see, e.g. Schupp et al., 2004), although 

the stimuli used in their study possibly reflected sharper contrasts as they only included 
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variation in expression (neutral vs happy vs angry facial expressions) and not overall face 

size.  

An important point to make is the lack of brain recording as a method when studying the 

fWHR. The subjective ratings in the questionnaire task for this study followed what would be 

expected when regarding the current research into the fWHR (i.e. low fWHRs were seen as 

less threatening than the high fWHRs, with ratings becoming successively higher when 

introducing threatening factors such as anger). However, this was not reflected in the 

following EEG-study, putting into question whether the participant’s subjective ratings and 

their recorded ERP measures have any direct relation to each other (or whether the ERP 

reflects something that participants either do not or cannot report). When regarding the 

questionnaires, we know that the participants reported on subjective threat levels of the faces. 

With the EEG-study, however, we cannot be sure that the components recorded truly reflect 

threat. 

Studying the time course of facial processing is possible with EEG, which, in turn, does 

not require the subjects themselves to reflect on the stimuli presented. This avoids introducing 

confounds into the reaction of facial stimuli – which we could arguably see when comparing 

the subjective ratings with the ERP results from this study (as the threat ratings and ERP 

waveforms did not overlap for each face). As it is at times difficult to know what exact 

processes we measure from ERPs, questionnaires can provide a report directly from the 

participants relaying their experience. Combining the two methods could perhaps then 

generate a more cohesive picture of the phenomenon, using the ratings as an indicator that the 

stimuli we use convey what we want to study, and EEG-recordings to investigate whether the 

electrophysiological responses are congruent with the subjective ratings. 
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5.3 Limitations 

There are several possible limitations to bear in mind when regarding this study. Here I 

will outline five such limitations. Firstly, there may be possible problems with the order in 

which the tasks were conducted. Order effects are confounds that could have potential 

implications on how subjects view the facial stimuli. In this study, the same facial stimuli 

were used for both tasks. This means that the ratings of the faces were conducted before the 

picture-viewing task. This could be a possible limitation for the study, although the same 

could be true if the two tasks were switched. When it comes to the EEG-task, the risks for 

order effects may not be a large issue. As research suggests the LPP to not habituate over time 

(Hajcak et al., 2010), the order effects should not come to affect the overall results.  

Secondly, the music played throughout both tasks could also pose as a possible 

confound. While the music could come to disturb the participants, their ratings or perhaps the 

overall data quality, Luck (2014) is one EEG-researcher who recommends the use of music. 

More specifically, he suggests that in instances where a person might tire or find an EEG-

study tedious, music could counteract the effect of an inattentive or sleepy participant. He also 

states that as long as the stimuli used in the experiment are not auditory, music should not 

affect the overall results more so than boredom would (Luck, 2014). Further, as we used a 

within-group design, each participant was their own control. As we did not mix the tempo or 

style of music drastically from one block to another, the risk of music being a confound may 

not be as big as the confound of tiredness which may arise from sitting in a dimly lit room for 

approximately an hour in total. However, there is another major point to be made when 

discussing music as a possible confound. As music can act as an emotional stimulus, this may 

have influenced participants viewing the facial stimuli. Music can have an effect on our 

current emotional states, up- or down-regulating our emotions. Brain regions associated with 

emotion processing, such as the amygdala, insula, as well as various other temporal regions 
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are affected when listening to music (e.g. Koelsch, 2010). As mentioned in section 2.4.1, an 

increase in LPP amplitude is suggested to correlate with increased activity in both the insula 

and the amygdala (Liu et al., 2012). Importantly, we can see a pattern of overlapping brain 

regions underlying both music processing as well as LPP activation. In sum, while the music 

may have aided in sustaining attention in the participants, it may also have affected the same 

brain regions from which we were recording our ERPs. Therefore, we should review the 

results from the EEG-study with caution. 

A third possible confound relates to the facial stimuli used. Although the faces were 

created to avoid other confounds such as variation in skin texture and facial features, the 

baldness of all stimuli may have affected the overall impression of the faces. Research 

suggests that baldness may increase the level of dominance a face will signal. This suggested 

effect is thought to stem from assumptions and stereotypes of men with shaved heads being 

associated with typically masculine traits, career choices and behaviour (Mannes, 2013). As 

all facial stimuli used were bald, the possible addition of dominance should be equal across all 

stimulus categories. However, this may have increased the baseline for all our stimuli, 

creating faces which were more masculine or dominant than the general population. 

An additional limitation for this study pertains to the subjective facial ratings. As we 

only collected one rating for each face from the participants, the conclusions we can draw 

from them are rather sparse. Showing the stimuli and prompting the participants to rate the 

faces several times could validate participant responses, creating more robust data which 

could then possibly be regarded as more accurate indicators of the levels of threat signalled 

from each of the faces. In this study, we cannot draw conclusions regarding any possible 

significant differences derived from the questionnaire answers, as only descriptive statistics 

were carried out on the ratings. 
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The last point to bring up is the possibility of gender differences in facial ratings. In 

chapter 2.1.1 in this thesis, I mentioned that prior research had found a possible gender 

difference when rating fWHRs (Geniole et al., 2015). However, I did not examine whether 

there were any gender differences in the subjective ratings or mean amplitudes for the results 

in this study. As the participant group was relatively small (N=28 for the subjective ratings 

and N=25 for the EEG-task), and especially so when dividing them up by gender, actual 

effects could exist even if the results show no gender differences. How the gender of the 

participants could come to affect the ratings of fWHRs and angry facial expressions would be 

an interesting point to examine in future studies with larger sample sizes. 

6. Conclusion 

The analysis of the results from this study found that a large significant difference 

existed between the face signalling the highest threat levels (angry, high fWHRs) with the rest 

of the stimuli. This indicates an additive effect, wherein the threatening factors together elicit 

the overall largest effect on the LPP, VPP and P3. Thus, the main hypothesis in this thesis was 

supported. The results from the EEG-analysis of the picture viewing task, on the other hand, 

reflect non-significant floor effects in the ERP amplitudes for faces signalling no or little 

threat (neutral and angry low fWHRs), along with faces previously hypothesized to signal 

threat (neutral, high fWHRs). Moreover, the hypothesis regarding the neutral, low fWHR face 

producing the smallest effects did not reach significance and thus was rejected.  

The results from this study indicate that the fWHR, while contributing to a larger 

electrophysiological response, may not be enough on its own to signal threat. This result 

raises questions into whether the metric is a true honest signal in males, or whether there may 

be other factors that could account for this effect. Further research should look closer at the 

facial stimuli used to test the fWHR to avoid possible confounds such as anger, while also 

testing for other male facial features that may influence the overall threat ratings. 
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In sum, this study provides support to the notion that we attribute traits to faces when 

regarding the interaction of both facial expressions and facial structures in combination with 

each other. This, as it may give us an evolutionary advantage to being able to quickly identify 

aggression and possible threat in other people.  
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