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Abstract 

The perception of human faces is affected by different facial features. For example, older 

faces are processed differently to younger ones and faces expressing diverse emotions are 

also processed differently. Research shows that angry faces are more attended to compared 

to neutral or other expressive faces, which is known as the ‘threat advantage’. This is 

evidenced by research on the late positive potential (LPP). The LPP is an event-related 

potential (ERP) component associated with affective processing, which seems to strongly 

respond to threats. The literature has indicated that older faces can elicit larger LPPs 

compared to young and neutral faces, and the LPP is more sensitive to emotional faces. The 

current experiment investigated subjective ratings in addition to the LPP in response to 

neutral and angry faces of young and old individuals, to examine how facial age influences 

the perception of anger. In a facial rating task, both the young and the old angry faces were 

rated as threatening faces, while old neutral faces were indicated to be more threatening than 

young neutral faces. Similarly, participants had a higher LPP for old angry faces. This data, 

in combination, suggests a higher emotional salience of old angry faces compared to either 

young angry or (young or old) neutral faces. 

Keywords: late positive potential, facial age, anger, perception 
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1. Introduction 

The human face displays a wealth of psychologically relevant information. For example, 

gender, age, and visual identity can be promptly extracted from cranial and facial features of 

the face (Schupp et al., 2004). Facial expressions also convey important information on the 

emotional states of interacting partners (Folster, Hess, & Werheid, 2014). Among these, 

research suggests that angry faces are detected more quickly than friendly faces among both 

neutral and emotional distractors (Schupp et al., 2004). Angry expressions – characterised by 

frowning brows, staring eyes, and a shut mouth with tense lips (Ekman & Oster, 1975) – 

therefore, seem to have a particularly strong effect on us. This effect can be further 

influenced by other features, such as the age of the observed face (Folster et al., 2014).  

In the current study, the aim was to determine the potential interaction of facial expressions 

of emotion and facial age. More specifically, the study examined how facial age impacted 

the perception of anger. The assumption was tested as an event-related potential (ERP) 

experiment, by focusing on the affective ERP component known as the Late Positive 

Potential (LPP), a centro-parietal positive potential occurring around 400 ms post-stimulus 

and continuing for up to several seconds, and which is thought to reflect affective 

processing. It was hypothesised that old angry faces, as more emotionally salient, would 

elicit a higher LPP amplitude, and be subjectively rated as more threatening, than young 

angry, or (old or young) neutral faces. 

To test the assumption, 28 participants were tested in an experiment where, first, subjective 

ratings of the level of threat perceived in the facial stimuli were collected, and second, each 
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subject had their electroencephalograph (EEG) signal recorded during the perception of 

facial stimuli, in order to calculate the ERP responses to the different faces.  

This thesis describes the study in question, by first giving a theoretical background to the 

research question, then providing an overview of its methods and results, before finally 

discussing its ramifications. 
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2. Background 

This chapter will cover the basic theoretical aspects of the experiment. The first section will 

focus on a general explanation of the importance of faces and face recognition, 

corresponding with emotions and emotional facial expressions. After this, anger and theories 

related to anger will be outlined, and then facial age as a factor in face decoding will be 

described. Finally, electrophysiological experiments related to facial processing, with a 

particular focus on the LPP, will be discussed in relation to the current research question. At 

the end of the chapter, the study hypothesis will be provided. 

The human face is a key part of a person’s identity and it reveals information about the 

person’s age, gender, ethnic group, and emotional state (Bruce & Young, 1986; Schupp et 

al., 2004). What is more, human faces are perceived as biologically and socially important 

stimuli to the perceiver (Bruce & Young, 1998). Evidence suggests that even glances at a 

face are sufficient to extract various pieces of person-related information such as familiarity, 

attractiveness, trustworthiness, ethnic origins, the direction of gaze, or emotional state 

(Palermo & Rhodes, 2007). Furthermore, multiple lines of research suggest that faces receive 

high priority in perceptual processing and in capturing human attention. For instance, infant 

studies indicate that faces selectively attract attention compared to other stimuli (Goren, 

Sarty, & Paul, 1975). 

2.1 Emotions  

 The Latin and French etymological meanings of the word ‘emotion’ denote a sense of 

‘moving out’ or ‘stirring up’. However, in contemporary psychological terminology, 

emotions are generally defined as a complex pattern of changes, which includes 

physiological arousal, feelings, cognitive processes, and behavioural reactions made in 
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response to a situation perceived to be personally significant (American Psychology 

Association, 2018). 

Generally, emotions deal with universal problems of survival, such as competing for 

resources or escaping an attacker. Therefore, emotions are understood to be products of 

evolution. They represent essential evolutionary adaptations that produce specific bodily 

responses to prepare the structure for survival-related behaviour (Damasio, 1999).  

2.1.1 Emotional Facial Expressions 

Facial expressions are central to nonverbal social exchange as markers of internal states and 

as signals of acceptance, but also as expressions that convey information about individuals 

and can influence the affective states of others (Ekman & Friesen, 1982). Therefore, facial 

expressions are considered to be among the most significant social signals in interpersonal 

communication (Werheid, Alpay, Jentzsch, & Sommer, 2005). For the survival of social 

animals, emotional expressions are particularly relevant (Duval, Moser, Huppert, & Simons, 

2013). For both familiar and unfamiliar faces, it is difficult to decode information concerning 

only the person’s age or sex, without at the same time automatically interpreting the 

observed person’s facial expressions (Bruce & Young, 1986).  

In general, a perceiver categorises a person as looking ‘happy’, ‘sad’, ‘angry’, ‘worried’, etc. 

by analysing the relative shapes or postures of facial features (Ekman & Oster, 1975). In this 

manner, when a person perceives another person’s emotional facial expression, there is a 

possibility of attaching labels to the person based on their expressions, such as ‘he looks 

sad’, or ‘she looks happy’ (Kirouac & Hess, 1999).  
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Perceiving emotions can be based on either or both of the sender’s emotional display and the 

perceiver’s knowledge about the sender (Kirouac & Hess, 1999). Moreover, emotional facial 

expressions are powerful signals of dominance and affiliation. Specifically, drawing the 

eyebrows together in anger represents increased attributions of dominance, whereas smiling 

represents increased attributions of affiliation (Hess, Adams, & Kleck, 2008). At the same 

time, angry expressions are perceived as threatening signals, whereas smiles are perceived as 

warm, friendly, and welcoming signals (Hess et al., 2008).  

2.1.2 Anger 

Anger appears to be a common emotion among human beings. It is a negative emotion, both 

in terms of subjective experience and social evaluation. However, anger (just like other 

emotions) had adaptive functions during human evolutionary history (LeDoux, 1998). It is 

therefore a residue of our biological past, which under more civilised circumstances humans 

can control but only imperfectly. Studies have proposed that compared to neutral (or happy) 

faces, angry and fearful faces attract more attention, and thus distract attention away from 

other stimuli. This is known as a ‘threat advantage’, which is explained from an ecological or 

evolutionary perspective as the possibility of responding immediately to threat-related 

harmful stimuli (LeDoux, 1998; Öhman & Mineka, 2001). In particular, a considerable 

amount of empirical data (Hess et al., 2008; Schupp et al., 2004) supports the assumptions of 

facilitated processing of angry facial expressions.  

Darwin (1965) was one of the first to note the equivalence between certain emotional 

behaviours in animals and more enduring morphological appearance characteristics. For 

example, he argued that the utterance of harsh sounds by ‘angry’ animals are ‘voluntarily’ 

enacted to make the animal appear large and hence, a more threatening adversary (Darwin, 
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1965). Similarly, human perception may have evolved through natural selection to be 

especially sensitive to cues of aggression and competence in fighting (Carré & McCormic, 

2008). The prospect of both cues of aggression in facial expressions (Ekman, 1993) or body 

posture (Duclos, Laird, Schneider, Sexter, & Lighten, 1989), as well as quick assessments of 

the probability of winning a fight, therefore seem to be critical for making decisions about 

how to respond (Ekman, 1993). The perception of aggression cues is especially significant in 

male-male interactions, in which conflicts are frequently resolved through a physical contest 

(Sell et al., 2009). Therefore, men are believed to be more attentive than women to the 

potential danger of their opponent (Sell et al., 2009). 

Accordingly, angry faces are thought to have evolved in particular through behavioural 

systems related to conspecific attack and self-defence (Schupp et al., 2004). Angry faces 

characterised by frowning brows, staring eyes, and a shut mouth with tense lips, therefore 

signal to observers a readiness for physical or symbolic attack (Schupp et al., 2004).  

2.2 Theories of Anger 

There are several theories of anger, which seek to explain its specific role in an evolutionary 

or biological context. First, the recalibrational theory proposed by Sell (2011) suggests that 

anger has a functional evolutionary benefit, engineered by natural selection in the service of 

bargaining. According to the theory, the function of anger is to recalibrate individuals who 

place insufficient weight on the welfare of the angry individual when making decisions. The 

theory is capable of making precise a priori predictions about many aspects of anger, triggers 

of anger, the kinds of computations run by the anger system, the source of individual 

differences in anger, the relationship between entitlement and anger, and how anger and 

anger-based aggression can be neutralised (Sell, 2011). According to the recalibrational 
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theory, anger is activated by the information that another individual holds a welfare trade-off 

ratio toward the angry individual that is too low. 

The recalibrational theory also describes why an angry face in a crowd of benign or happy 

faces should be found more easily than a happy or benign face in a crowd of angry faces. If 

facial threat commands attention, as hypothesised, an angry face in a happy crowd would be 

found quite readily, whereas a happy face in a crowd of attention-grabbing, distracting, 

angry faces could easily be overlooked. Empirical studies have been conducted to document 

the existence of the face-in-the-crowd effect (Hansen & Hansen, 1988; Pinkham, Griffin, 

Baron, Sasson, & Gur, 2010). The finding that angry faces are detected more efficiently than 

happy faces among a crowd of distractors has been reported by several studies (Hansen & 

Hansen, 1988). This finding has been termed the ‘anger superiority effect’, which refers to 

the phenomenon that angry faces, related to danger or threat, are more quickly and accurately 

detected than other negative stimuli (Ebner & Johnson, 2010). 

Second, the appraisal theory of emotion proposed by Lazarus (1991) describes anger as a 

mechanism of self-protection. Appraisal means how a given individual reacts emotionally to 

an encounter, depending on an evaluation of what the encounter implies for personal 

wellbeing. The theory specifies the causally relevant aspects of the appraisal process for each 

emotion. Within this theory, anger motivates the person to eliminate, neutralise, or undo a 

source of harm. The relevant circumstances for this function can be characterised as 

involving ‘other-blame’. In other words, anger arises when someone else is being blamed for 

a harmful situation. Since anger motivates the person to do something to remove the source 

of harm, the assignment of accountability or blame provides a target for these coping efforts, 

which is crucial for its subjective and behavioural characteristics. 
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Third, impression management theory describes anger as a mechanism of impression 

management (Felson, 1982). The escalation to anger in an interpersonal conflict occurs when 

one person has been cast into a negative light by another person and, consequently, the 

victim retaliates to save face. It is more likely to occur when identity concerns are salient and 

when an audience is present, particularly if that audience is favourable toward an aggressive 

response. By counter-attack or retaliation, the victim of the first attack attempts to nullify 

that identity by casting the original aggressor into a negative identity. The effect of the first 

attack on the subsequent counter-attack is influenced by two main conditions. First, people 

are differently sensitive to particular identities; some may be more concerned about their 

identities in conflict situations than others. As a result, they may be more aggressive when 

they think they have been attacked. Second, the presence and values of the audience matters, 

as retaliation is more likely when an audience is present, since the identity costs are greater 

for backing down. 

Although overlapping and largely compatible, these different theories interpret anger from 

different perspectives, thus supporting the idea that the human ability to perceive anger in 

others serves multiple different functions for the perceiver. The recalibrational theory of 

anger suggests that the angry person sends a signal to the target and perceiver of the anger, 

and this signal influences the perceiver’s behaviour so that the angry person’s interests are 

considered by the perceiver. The appraisal theory provides an evolutionary background; it 

implies anger as a mechanism of self-protection; the mechanism aims to blame others for the 

harm inflicted to oneself and to remove the source of the harm produced by others. Similarly, 

the impression management theory suggests that the victim of an interpersonal attack has the 

capability, through anger, to alter the attacker’s identity to a negative one by counter-attack 

or retaliation.  
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2.3 Facial Age and Emotions 

Two of the most salient features of faces are age and emotion expressed (Ebner, & Johnson, 

2010). As Samuel Klugman (2010, p. 29) noted more than 60 years ago, a ‘fairly long list 

could be made of situations in which an estimate of a person’s age is necessary’. The age of 

a face therefore plays an important role in the interpretation of facial expressions. Age can be 

judged reasonably accurately, even in an unfamiliar face (Bruce & Young, 1986). Perceived 

age, together with gender, race, height, and weight, is one of the most frequently used 

attributes to describe an unfamiliar person (Voelkle, Ebner, Lindenberger, & Riediger, 

2012). 

Research findings have also attested the connection between facial age and emotional facial 

expressions. Decoding emotional facial expressions is influenced by stimulus features and 

age-related changes in the face (Folster et al., 2014). According to Ebner and Johnson, 

(2010), emotional expressions are more difficult to perceive in older than younger faces. In 

line with this, Folster et al. (2014) found that the decoding accuracy for older faces could be 

influenced by lower expressivity, age-related changes in the face, negative attitudes toward 

older adults, and different visual scan patterns and neural processing of older compared to 

younger faces.  

Evidence suggests that the type (age, gender, or race) of a face can influence how well the 

face is processed, recognised, and remembered (Anastasi & Rhodes, 2005). Faces that are 

more similar to the face of the individual studying them are remembered and discriminated 

better than differing faces (Anastasi & Rhodes, 2005). In other words, people are better at 

recognising and interpreting the faces of individuals who are similar to themselves than the 

faces of individuals who are dissimilar (Anastasi & Rhodes, 2005; Ebner & Johnson, 2009; 
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He, Ebner, & Johnson, 2011). When this general preference for similarity between the 

perceiver and the person perceived is applied to age, the phenomenon is known as ‘own-age 

bias’ (Klugman, 2010). 

More specifically, age-related stereotypes and age-related changes in the face may bias the 

attribution of specific emotions (Folster et al., 2014). For example, the wrinkles and folds in 

older faces may resemble emotional facial expressions and lead to the impression of a 

permanent emotional state. This assumption has been confirmed by recent results showing 

decoding accuracy varying with the age of the face (Ebner & Johnson, 2009; Hess et al., 

2008). These background effects may make older adults’ facial expressions more ambiguous 

and reduce signal clarity. These age-related changes in the face may therefore systematically 

bias emotional attributions. 

Hess et al. (2008) suggest that facial expressions and morphological features can have 

similar effects on emotional attributions. That the features of an angry face increase 

perceived age could be due to the positive relationship that exists between fighting ability 

and age (Marsh, Adams, & Kleck, 2005). A comparable view, put forward by Marsh et al. 

(2005), states that an angry face enhances the maturity of the face, thereby distinguishing it 

from immature faces. In this way, making a young face look strong may lead to the inference 

that the target is older in age. These findings are entirely consistent with the view that the 

features of an angry face evolved to enhance cues of strength, but further support for the 

view is needed, in particular as regards increasing maturity and different adult age groups. It 

is therefore important to investigate the specific interaction of facial age and expressions of 

anger, as in the current study. 
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As already noted, facial emotions of anger constitute a salient and immediate situational cue 

of danger and threat. They may also receive preferential attention (over facial age 

information) as they are crucial for wellbeing and survival (Öhman & Mineka, 2001). For 

these reasons, it is important to examine differences in the perception of young and old adult 

emotional faces, as a function of the facial age in addition to the emotion expressed, since 

age-related changes in facial features – such as the shape or surface texture and coloration of 

the skin – may influence how faces are inspected to identify different emotions (Ebner, He, 

Fichtenholtz, McCarthy, & Johnson, 2011). Interestingly, facial age, although not invariant 

over time, changes slowly compared to other facial information such as emotional expression 

(Bruyer, Mejias, & Doublet, 2007). It is therefore important to investigate the way that facial 

age and emotional expression might interact in the processing of faces. 

2.4 The Electrophysiology of Facial Processing 

EEG (electroencephalography) is a non-invasive procedure where cerebral activity is 

recorded through the scalp using scalp electrodes (Luck & Kappenman, 2011). While an 

EEG mainly refers to the continuous observation of larger waveforms, the ERP (event-

related brain potential) methodology is where the researcher focuses on time-locked epochs 

within the recorded EEG signal. The ERP technique has several advantages, such as more 

directly reflecting the neural activity. This allows the researcher to study changes in 

amplitude, brought on by a stimulus, with millisecond precision. In this manner, ERPs are 

especially useful for studying neural responses to facial stimuli in participants because they 

are non-invasive, temporally sensitive, and can be reliably measured. Many ERP 

components are sensitive to emotional compared to neutral visual stimuli, and these ERPs 

directly reflect underlying neural variation in response to emotional stimuli (Hajcak, 

Weinberg, MacNamara, & Foti, 2011). The current experiment aims to study a specific ERP 

component, the LPP, to see if there is any difference in neural activity related to the age of 
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the face (young versus old faces) as a function of the emotional expression of the face 

(neutral versus angry facial expressions). 

2.4.1 The Late Positive Potential 

Neuropsychological studies support emotion -and age- related differences in facial 

processing, particularly through the LPP. The LPP is an ERP that reflects facilitated attention 

to emotional stimuli (Schupp et al., 2000). More specifically, the LPP is enhanced (higher 

amplitude) for emotional compared to neutral stimuli and appears to reflect selective and 

sustained attention toward emotional stimuli, and activation of motivational systems that 

respond to salient information (Hajcak et al., 2011). 

Recently, combined ERP and functional magnetic resonance imaging (fMRI)  methods have 

indicated that emotional stimuli not only impact the amplitude of the LPP - but that this 

corresponds with increased blood flow in the occipital, parietal, and inferotemporal regions 

in the brain - suggesting that the source of the LPP is located in the occipital and posterior 

cortex (Keil et al., 2002). In addition, increased activation of the amygdala may result in 

downstream processes in the LPP as a consequence of occipital activation (Bradley et al., 

2003).  

Although no studies to date have studied the link between the LPP and specific 

neurotransmitter systems, researchers have hypothesised that the LPP is generated via the 

locus coeruleus-norepinephrine system in response to emotional stimuli (Liddell et al., 

2005). This locus coeruleus activation could be the underlying causal mechanism that 

activates the attention and orienting toward emotional stimuli, as the locus coeruleus receives 

input from an introductory emotional evaluation function from the amygdala (Liddell et al., 

2005). 
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The LPP has been consistently shown to be sensitive to emotional scenes. Its amplitude is 

also enhanced for emotional facial expressions (Schupp et al., 2004) compared to neutral 

faces. Further, emotional modulation of the LPP is remarkably stable, and does not appear to 

habituate away over time (Codispoti, Ferrarib, & Bradley, 2006). Previous experiments thus 

suggest that the LPP is a valuable tool in measuring emotional facial content.  

Moreover, the literature suggests that a larger LPP amplitude would be elicited during the 

processing of angry compared to happy or neutral faces in general (Duval et al., 2013). The 

largest LPP values have been observed for angry faces displaying the greatest amounts of 

affective expression (Duval et al., 2013). Schupp et al. (2004) conclude that larger LPPs 

appear during the processing of prototypical angry faces compared to prototypical happy and 

neutral faces. Thus, the LPP is of particular interest in the current study because of its 

sensitivity to emotional content (Cuthbert, Schupp, Bradley, Birbaumer, & Lang, 2000). 

Another ERP study by Choi et al. (2014) investigated the relationship between empathy and 

attention responses to emotions and facial expressions. Their conclusion from the study was 

that trait empathy relates to obligatory attention only to negative and arousing facial 

expressions such as angry or fearful faces, and, more importantly, that the early LPP reflects 

the obligatory capture of attention more than the late LPP (Choi et al., 2014). This suggests 

that the early LPP (defined here as 400-1000 milliseconds (ms) after stimulus onset) may be 

of particular interest. 

2.4.2 Facial Age and Electrophysiology 

There is less research on the link between facial age and electrophysiological measures. In 

one ERP experiment, Wiese, Schweinberger, and Hansen (2008) examined the interaction 
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between age-dependent differences in the participants’ recognition memory for faces and the 

age of those faces. More specifically, they investigated recognition memory for old and 

young faces in elderly and young participants by analysing ERPs. In the study, they sought 

additional evidence for or against an own-age bias in face memory. The study found own-

age bias in face recognition memory for younger, but not for elderly, participants. 

Another ERP study (Wiese, Komes, & Schweinberger, 2012) was conducted to examine 

recognition memory and ERPs for young and old faces in young participants and two elderly 

groups (who differed in the frequency of their contact with young people). As expected, 

young participants showed more accurate memory for young versus old faces, and old 

participants who had less contact with young people showed a similar own-age bias. 

However, old participants who had frequent contact with both young and old people 

demonstrated no corresponding own-age bias for faces (Wiese et al., 2012). 

Similarly, Ebner et al. (2011) examined the electrophysiological correlates of initial 

processing of faces of unfamiliar younger and older individuals among younger adult 

participants. They examined LPP responses when processing own-age versus other-age faces 

with own-race versus other-race faces. The results found a prominent LPP that peaked at 420 

milliseconds after stimulus onset at parietal sites and which was larger for older than 

younger faces (also, they found large similarities between the electrophysiological responses 

when processing age- and race-based in-group versus out-group faces). 

However, these studies only examined the neural processing of neutral, but not emotional 

young and old faces (Ebner et al., 2011; Wiese et al., 2008; Wiese, Komes et al., 2012). As 

noted previously, relatively little is known about the exact influence of facial age on the 

recognition of emotional, and in particular angry, facial expressions. The studies did reveal 
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that the age of the face influenced both early and late ERP components (Ebner et al., 2011), 

suggesting that age - like emotional facial expression - might particularly influence early 

(rather than late) processing stages in the LPP.  

For older faces, enlarged amplitudes of the N170, a negative deflection over 

occipitotemporal sites, have been found (Wiese et al., 2008, 2012), suggesting that structural 

encoding may be more difficult for older faces, at least for younger participants. Further, 

enlarged LPP amplitude for older faces also suggests more demanding processing of older 

than younger faces, again for younger participants (Ebner et al., 2011). However, so far, 

there has been little to no direct research on the neural processing of younger and older 

emotional faces, allowing no definite conclusion on the potential interaction effects. Thus, 

further research examining the relation of neural processing of emotional young and old 

faces and decoding accuracy is needed. 

2.4.3 The Current Study Hypothesis 

Very little ERP research has focused on angry faces and the effect of facial age on the 

perception of the anger. 

The current experiment was therefore designed to provide evidence regarding both 

subjective ratings and electrophysiological processing (via the LPP) of neutral and angry 

faces of young and old individuals, in order to thereby examine how facial age influences the 

perception of anger. Based on the literature described above, the present study will examine 

the following prediction: 
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Old angry faces are more threatening than young angry faces or (old or young) neutral 

faces, both subjectively and electrophysiologically (in terms of an increased early LPP 

amplitude).  

This hypothesis is generated from previous empirical findings and evolutionary perspectives, 

where some studies have concluded that older faces elicit a higher LPP than younger faces, 

while other studies have concluded that angry faces elicit a higher LPP than neutral or other 

emotional faces.  
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3. Materials and Methods 

3.1 Participants 

A total of 28 young adults (mean age ± SD: 26.5 ± 4.0) were recruited primarily through 

word of mouth at the University and at the international student residence. All participants 

reported being free of neurological or psychiatric disorders and dyslexia, as well as having 

normal or corrected-to-normal vision and being right-handed. They had no record of epilepsy 

and were not on any neuropsychiatric medications. All were students at the University of 

Skövde, and they all were fluent in English. All participants gave their informed consent in 

accordance with the Declaration of Helsinki prior to participation. 

3.2 Stimuli 

The stimuli were presented on a 23-inch screen with a 1920 x 1080 pixel resolution (HP 

Compaq LA2306x). The facial stimuli were made in FaceGen Modeller Core v3.18 

(Singular Inversions). They consisted of eight different male facial images, with all possible 

combinations of neutral versus angry faces, young versus old faces, and narrow versus broad 

faces (which was used in other student theses and will not be discussed further here). The 

faces were then placed on a grey background (RGB index: 152, 152, 152), as shown in 

Figure 3.1.  

3.3 Study Design and Procedure 

Upon arrival, participants were greeted and then asked to read the study description and 

provide their informed consent. Then participants were seated in a sound-attenuated and 

dimly lit EEG lab with an approximate eye-screen distance of 105 cm. The scalp was 
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measured to find the cap size vertex, which was marked on top of the scalp. After this, the 

electrode cap was fitted and positioned on the head. When everything was in place, electrode 

gel was applied. During the gelling process, prior to the ERP experiment, four questionnaires 

were presented on the computer screen in pseudo-randomised order. Most of these pertained 

to other research; the only relevant questionnaire to this study was a facial rating scale that 

was used to test the participants’ subjective interpretation of the eight faces. It presented each 

facial stimulus in pseudo-randomized order, asking the participant to rate each one on a nine-

point rating scale with regards to threat rate (1 = least threatening, 9 = most threatening). The 

procedure for the main experiment began after participants’ responses to the questionnaires. 

 

Figure 3.1. Young neutral, young angry, old neutral, and old angry faces. 

The main experiment consisted of 12 blocks, where each block consisted of the eight faces 

shown eight times each in a pseudo-randomised order, with no faces being shown twice in a 

row, for 64 trials in total per block. After each block, there was a short break. After the sixth 

block, participants were given a longer break. In addition to the 64 trial faces, there was a 

one-in-eight chance at the start of each trial that the participants would see one of the eight 

faces but with closed eyes. They were instructed to respond as quickly as possible to these 

closed-eye faces by pressing a button on a hand controller. This task was used purely for 
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concentration, and the results of the closed-eye trials were not counted as part of the 64 trials 

per block and were excluded from further analysis. 

 

Figure 3.2. Experimental task: event timing and a sample face. 

3.4 Data Collection 

Brain activity was recorded using 17 active Ag/AgCl electrodes. Thirteen of these were 

placed in a stretchable cap (g.GAMMAcap) and positioned according to the International 

10–20 placement system at the following locations: AF3, AF4, Fz, FC3, FC4, Cz, CP1, CP2, 

CPz, Pz, P5, P6, and Oz. The other four electrodes were placed at the right and left mastoid 

(for subsequent offline re-referencing) and at the external canthus and sub orbit of the right 

eye (to capture ocular movements). Electrodes were online referenced to the right mastoid, 

and FPz served as the ground. The active electrode impedances were transformed by the 

system to the output impedance of about 1 kOhm. 

The EEG data was acquired in MATLAB v8.5.1.281278 with a g.USBamp amplifier (g.tec). 

It was sampled at 256 Hz and filtered online with an eighth-order Butterworth low-pass filter 
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with a half-power (-3dB) cut off at 60 Hz, by an internal digital signal processor within the 

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

& Makeig, 2004) and ERPLAB v7.0 (Lopez & Luck, 2014) in MATLAB. Continuous EEG 

data was re-referenced to the average of the mastoids and filtered with a 180th order stopband 

notch filter at 50 Hz, to remove line noise. 

As a pre-processing step for removing artefacts by Independent Component Analysis (ICA), 

the data was filtered with a second-order Butterworth bandpass filter with a half-power (-

3dB) cut off at 1 Hz and 30 Hz (the higher high-pass filter settings are recommended for 

ICA). The EEG data was then segmented into epochs of 1900 ms, with a 400 ms pre-

stimulus baseline and 1500 ms post-stimulus. Epochs exceeding three standard deviations 

above the joint electrode probability activity limits were rejected, after which the ICA was 

run. A multiple artefact rejection algorithm (MARA) was used to automatically identify ICA 

components reflecting artefacts (Winkler, Haufe, & Tangermann, 2011). 

The ICA weights were then transferred back onto the pre-processed, unepoched data (that 

had only been subjected to the notch filter), and the relevant MARA-detected components 

were removed from this data. Subsequently, this data was filtered with a second-order 

Butterworth high-pass filter with a half-power (-3dB) cut off at 0.1 Hz, and was, as before, 

segmented into epochs of 1900 ms, with 400 ms pre-stimulus baseline and 1500 ms post-

stimulus. Then step-wise artefact rejection was performed in ERPLAB 7.0 (all epochs 

containing step-like activity greater than 100 μV in a moving window of 200 ms with a step 

size of 20 ms were rejected). Three 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 and each experimental condition, and 

low-pass filtered at 30 Hz to aid visual inspection. 
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In line with a large body of research, which found that the LPP is most pronounced over 

central-parietal sites (Hajcak & Foti, 2008; Hajcak, MacNamara, & Olvet, 2010; Wieser et 

al., 2014), the LPP was quantified across a cluster of central-parietal electrodes (Cz, CP1, 

CP2, CPz, Pz) as a function of the condition in two time windows following stimulus onset: 

400–1000 ms and 1000–1500 ms. 

For the statistical analysis, the mean amplitude data for the two time windows, 

together with all the relevant conditions, were subjected to a repeated measures ANOVA, 

where the relevant factors were age, expression, and LPP time window (2 x 2 x 2). Any 

significant interactions from the ANOVA were followed up by post-hoc testing using paired 

sample t-tests. 
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4. Analyses and Results 

4.1 Subjective Facial Ratings  

Descriptive statistics were calculated from each participant to obtain evidence for the 

subjective threat level of each face category (see Figure 4.1). A repeated measure ANOVA 

was calculated to observe the differences among the mean values, and the factors age (f = 

94.27, P < .001) and expression (f = 7.06, P = .013) both showed a significant difference. 

More specifically, the results indicated that old neutral faces (M = 6.28, SD = 3.00) were 

rated as more threatening than young neutral faces (M = 4.60, SD = 2.07; P = .005). Young 

and old angry faces (young angry M = 6.39, SD = 2.09; old angry M = 6.54, SD = 2.21) were 

considered equally threatening.  

 

Figure 4.1. Descriptive statistics of the mean facial ratings in the total sample on a nine-

point Likert scale with regards to threat rate (1 = least threatening, 9 = most threatening). 

Bars represent mean value +/- 1 SD. 
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4.2 Electrophysiological Results 

Figure 4.2 shows the ERPs for both levels of both factors, age and expression, elicited at a 

cluster (CP-cluster: Cz, CPz, CP1, CP2, Pz) of electrodes. Visual inspection suggests that the 

old angry faces elicited a higher LPP amplitude than all other conditions for the early LPP 

(400-1000 ms), while young neutral faces elicited a lower amplitude. 

 

Figure 4.2. Grand averaged ERP waveforms recorded from sites CPz, Pz, CP1, CP2, 

Cz during the presentation of young neutral, old neutral, young angry, and old angry 

faces. The labels on the graph indicate the LPP time windows. 

A repeated measures ANOVA was conducted to determine whether there were statistically 

significant differences between the different conditions. The results showed a significant 

difference between age * LPP time window (f = 7.48, P = 0.012) and expression * LPP time 

window (f = 14.73, P = 0.001), but no other significant factors or interactions. After this, a 
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Bonferroni-corrected paired sample t-test was conducted as a post-hoc measure to investigate 

the factors. The results from the t-test showed significant differences for the early period of 

LPP between young neutral and old angry faces (P = 0.049).  

The main focus of the study was to compare the old angry and the young angry faces with 

each other. In the visual inspection of the ERP curves, there seemed to be a difference 

between these two types of stimuli, especially in the early LPP time-window. However, this 

difference was statistically nonsignificant (P = 0.38).  
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5. Discussion 

The central purpose of the present study was to investigate whether there is a difference in 

subjective ratings and LPP amplitude responses between age (young versus old) and 

emotional expression (angry versus neutral) in observed faces. Specifically, the aim was to 

find out whether subjects would show increased subjective threat ratings and LPP amplitudes 

when observing old angry faces, in accordance with the study hypothesis (that ‘old angry 

faces are more threatening than young angry faces or (old or young) neutral faces, both 

subjectively and electrophysiologically (in terms of an increased early LPP amplitude). 

First, the subjective ratings only confirmed the study hypothesis somewhat, as they revealed 

a significant difference between old and young neutral faces, but not between old and young 

angry faces. The results do replicate previous findings in facial rating tasks (Duval et al., 

2013; Schupp et al., 2004) in which angry faces are subjectively rated as more threatening 

than neutral faces. They also replicate previous findings that older neutral faces are 

subjectively rated as more threatening than younger neutral faces, at least in a younger 

participant sample (Ebner et al., 2011). But they were not able to reveal any age-specific 

differences in subjective ratings of old and young specifically angry faces. The reason might 

be a ‘ceiling effect’, where threat levels simply don’t get higher for the types of faces used in 

the current study, and where the emotional expression (anger) dominates and takes priority 

over less important and salient factors, such as age. 

Second, the electrophysiological measures also confirmed the hypothesis only somewhat. 

Although visual inspection suggested full support for the study hypothesis, the statistical 

results only demonstrated a significant difference in the early LPP time window between the 
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two ‘extreme’ values: old angry versus young neutral faces. Much like for the subjective 

ratings, there was no statistical difference between old and young specifically angry faces. 

The ERP results do, however, lend some support to other empirical findings, such as those of 

Ebner et al. (2011), who investigated electrophysiological components sensitive to 

differences in the initial processing of unfamiliar younger and older faces among younger 

participants. More specifically, Ebner et al. (2011) found a larger LPP amplitude was elicited 

in response to older, compared to younger, faces at parietal sites (CPz), much like the present 

study initially found age to be a significant factor during the early LPP time window. In 

addition to the LPP, Ebner et al. (2011) also found an enhanced P200, at frontocentral sites, 

for older rather than younger faces, lending support to the notion that facial age is processed 

relatively early – a finding that is echoed by the results of the present study. 

Similar results were also found in other studies examining the neural processing of neutral 

(not emotional) younger and older faces (Wiese et al., 2008, 2012). These studies revealed 

that the age of a face influences various ERP components, in particular early components, 

such as the N170, as well as the earlier part of the LPP. 

In relation to the present study results, there are a few explanations worth considering 

regarding the higher LPP amplitude for old angry faces compared to young neutral faces. 

One of these is the likely effect of the own-age bias, as all participants in this study were 

below 35 years of age, and can therefore be considered young participants. The own-age bias 

is typically explained by the amount of exposure an individual has to other classes of faces, 

building on the assumption that people more frequently encounter faces their own age rather 

than faces of other ages (Ebner & Johnson, 2009) and are, therefore, relatively more familiar 

with faces of their own age group (Bartlett & Fulton, 1991). Older faces may therefore have 

received more immediate attention than the more familiar younger faces. In general, young 
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study participants report less frequent contact with younger than older persons, and rate 

younger faces as more familiar than older faces (Ebner & Johnson, 2009; He et al., 2011). 

As mentioned previously, one could expect an own-age bias advantage in face processing 

and perception, thereby potentially explaining the increased amplitude of the LPP in 

response to old angry faces. In line with this explanation, previous fMRI research has shown 

different neural activity for own-age compared to other-age faces (Wright et al., 2008).  

Similarly, when an old face displays a negative emotional expression, it can be perceived as 

a threat. It is – in this context – likely that wrinkles, folds, and the sag of facial musculature 

in the older face affects the interpretation of facial expressions (Fox et al., 2000). This relates 

to the recalibrational theory of anger, which states that the perceiver can be influenced by the 

information or the power of the sender’s face. As the present study focused on perceiving old 

angry faces compared to neutral and young faces, when a participant perceived an angry 

face, the facial information could have been decoded in relation to the perceived power of 

the sender. It is conceivable that the old faces in the present study were perceived as more 

‘powerful’ by the participants; a notion that gains additional strength from the subjective 

threat ratings of the old versus young neutral faces. 

One explanation for this might be that age-related changes in a face may also systematically 

bias emotional attributions. Hess et al. (2008) suggested that facial expressions and 

morphological features can have similar effects on emotional attributions. Thus, age-related 

changes in the face may both reduce the signal clarity and bias emotional attributions. 

Physiognomic features that are frequently found in older faces, such as down-turned corners 

of the mouth, may be misinterpreted as more negative emotional expressions. 

Furthermore, the conclusion derived by Firestone, Turk-Browne, and Ryan (2007) about 

visual scan patterns of the face when one decodes a face could be considered. There is 
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evidence that visual scan patterns may differ depending on the age of the face that is being 

observed. Firestone et al. (2007) explain that in decoding neutral faces, both young and old 

observers looked longer at the eye region of old compared with young neutral faces, and 

longer at the mouth region of young compared with old neutral faces. Considering the higher 

importance of the eye region for expressions of anger, it could be that old angry faces are 

seen as slightly more threatening, simply because more attention might be given to the eyes 

(compared to young faces). 

It should also be noted, again, that there was reasonably strong correlation between the 

subjective ratings of threat and the LPP amplitudes, such that the old angry faces were rated 

as most threatening and elicited the largest early LPP amplitude, while young neutral faces 

were rated as least threatening and elicited the smallest early LPP amplitude.  

It is, however, important to also note that the present study only included young, but not old, 

participants, and only examined threat-related differences between young and old neutral and 

angry faces, but not those of other age or social groups (e.g. middle-aged or female faces). In 

addition, the present sample consisted of both male and female participants, while the 

stimulus faces were male only (for reasons related to other student theses). This limits the 

generalisability of the observed effects. However, the results do suggest that age-associated 

changes in facial features (such as, possibly, the shape, texture, and coloration of the skin) 

and emotions may influence both subjective threat ratings of and neural responses to old 

compared with young neutral and emotional faces. Furthermore, tacit support for the 

existence of an own-age bias entails that facial age needs to be considered as a potential 

confound in studies using faces as stimuli. 
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6. Conclusion 

In conclusion, the current research provides novel information about some of the 

neurocognitive mechanisms involved in facial processing, in particular that concerning 

neutral and angry faces of unfamiliar young and old individuals. Specifically, the early LPP 

seems to be somewhat sensitive to differences between young and old neutral and angry 

faces. The present study therefore represents a first step toward a better description and 

understanding of the processing of, and differentiation between, young angry, old angry, and 

young and old neutral faces. 

Furthermore, the present findings provide support the view that old and angry faces seem to 

be experienced as more threatening by young participants, possibly as an evolved cue of 

threat. However, so far, only limited research on the neural processing of old and young 

neutral and emotional faces has been conducted, thus necessitating more research on the 

topic, in order to establish the exact nature of the underlying mechanisms. 

The most important objective for future research in this area will be to directly examine the 

difference between young and old participants in relation to young and old emotional (and 

not only neutral) faces. Future studies could benefit from taking the limitations of the present 

study into consideration, by e.g. striving to include different age groups among the 

participants, and showing faces from different age and social groups (gender, race, etc.). It 

would also be important in the future to examine whether the participants’ age might 

influence how they perceived the emotion and age of the faces, since this remains an 

altogether unexplored avenue. Based on the visual inspection, there seems to be a short early 

time-window (400-600 ms) at which the old-angry faces elicit a stronger LPP than any other 

face category. Our ‘early LPP’ time window was however defined as 400-1000 ms, which 

was too long to detect this potential very early effect, as it disappeared after 600 ms. 

Therefore, one interesting hypothesis to test in future research is that the interaction between 



 FACIAL AGE AND ANGER EXPRESSION 
 

33 
 

facial age and angry expression elicits a fast, strong, and relatively brief LPP effect at 400-

600 ms. This hypothesis could be tested in future experiments. 
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