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Abstract 

The Error Monitoring System is a proposed reaction in the anterior cingulate cortex to errors that 

can be seen as a negative-going peak (error-related negativity, or ERN). An ERN has been seen 

in the context of feedback that indicates an error in tasks where the mistake is not obvious 

(feedback-related negativity). A study by Kim, Liss, Rao, Singer, and  Compton, (2012) 

demonstrated an FRN in response to error feedback on a social task of rating faces on 

attractiveness. This showed an FRN in a social context where there is no objective right or wrong 

answer. The current study aimed to expand on thatt paradigm by looking at whether participants 

responded to social feedback more strongly than non-social (symbolic) feedback in the context 

of a social task. Participants rated neutral faces and voice clips for trustworthiness and received 

feedback indicating they chose similarly to their peers or differently. There were three types of 

feedback: face, voice, and symbol with a positive or negative valence: a happy or disgusted face 

or voice clip, or check or X symbol. EEG activity was measured and then a 2x2x3x4 ANOVA 

(stimulus type x feedback valence x feedback type x electrode site) was performed on FRN 

values. A difference was seen between positive and negative feedback curves, confirming the 

presence of an FRN. Voice feedback showed the expected pattern of FRN, while face feedback 

did not show a significant difference and symbol feedback unexpectedly showed the opposite 

effect. 

Introduction 

Social cognition is how we perceive, process, and respond to the social world around us. 

Evolutionarily, humans have learned how to live and work in cooperative groups where each 

person helps ensure the survival of the other members of the group and the group as a whole. 

Humans use social cues like facial expressions, body language, vocalizations and words to 
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facilitate communication and maintain harmony in a group of people all with individual needs 

and goals that are sometimes at odds with each other. Therefore, being able to correctly interpret 

and respond appropriately to social cues—and thus be accepted by the group one depends on—is 

essential for human survival.  

While these cues are often positive (approval, happiness, pride), they can also be negative 

(anger, revulsion, hurt), indicating an error has been made. These negative cues are an implicit 

request for a behavioral change in response (Cialdini & Goldstein, 2004), in order to ameliorate 

the hurt and repair the relationship. Research using EEG (electroencephalogram) data has shown 

a particular waveform in response to recognizing when someone makes a simple mistake (like 

pressing the wrong button) called the error related negativity, or ERN (Luck, 2005). A similar 

waveform is elicited when a person is told they made a mistake in a situation where the error is 

not immediately obvious, which is called the feedback-error related negativity (FRN) (Luck, 

2005). Recent research has shown that the FRN is elicited in social tasks as well, such as rating a 

face for attractiveness differently from one’s social group (Kim, Liss, Rao, Singer, & Compton, 

2012). 

Two media for social cues used most often are faces and voices (Bistricky, Ingram, & 

Atchley, 2011). Facial affect has been shown to increase the amplitude of the ERN, even when 

the affect was irrelevant to the task (Boksem, Ruys, & Aarts, 2011). The stronger reaction was to 

the disgusted face—an expression of rejection, a negative evaluation. Rejection can cause 

feelings of shame, which has also been shown to elicit higher ERNs (Boksem, Ruys, & Aarts, 

2011). The main question of the present study is whether social feedback, like a face or a voice, 

is more salient to a social task than abstract non-social feedback, and whether the social feedback 

will therefore elicit a higher FRN.  
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EEG, ERP, and the ERN and FRN 

 EEG is a methodology that measures brain waves—electrical signals from groups of 

neurons—and is used for analysis of cognitive processes. The data from EEG are called event-

related potentials, either positive or negative going peaks in response to a stimulus. EEG data is 

time-locked, and unlike neuroimaging techniques like fMRI it measures immediate responses 

and measures time in milliseconds (Luck, 2005).  It also gives a sense of the general 

neuroanatomical location of these ERPs (Luck, 2005). 

 One particular ERP of interest is the ERN, or error-related negativity. The ERN is a 

negative peak seen after a subject has made an error, like pressing the wrong button during a task 

(Holroyd & Coles, 2002). The ERN is response-locked, which means that it appears only a 

reliable time after an incorrect response is made, generally within 100 milliseconds, or about 80 

milliseconds after (Holroyd & Coles, 2002; Kim, Liss, Rao, Singer, & Compton, 2012). The 

ERN appears after errors made with feet, eyes and hands, suggesting that it is indifferent to 

output modality. When speed is emphasized, participants show an ERN to a late response 

(Holroyd & Coles, 2002). The ERN is enlarged in people with high levels of negative affect, 

depression, anxiety, and behavioral inhibition (Boksem, Ruys, & Aarts, 2011). 

 The existence of the ERN suggests that there is a high level error processing system in 

the brain, high level referring to executive functioning (Holroyd & Coles, 2002). This system is 

thought to monitor the appropriateness of one’s own behavior in relation to what is happening 

around a person. The ERN is associated with the anterior cingulate cortex (ACC), which is 

thought to be part of this error-monitoring process. BESA (brain electric source analysis) 

indicates that this is where the ERN originates, and fMRI results show increased ACC activation 

incorrect response rather than correct response trials on button pressing tasks. Other evidence 
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that the ACC is involved in the error monitoring system comes from primate experiments, where 

error recognition units were identified in the monkey anterior cingulate sulcus. (Holroyd & 

Coles, 2002) 

 Similar to the ERN is the FRN, or feedback error-related negativity (Holroyd & Coles, 

2002). The FRN seems to be an ERN that appears in response to feedback indicating an error in 

a situation where the subject doesn’t know automatically whether they were right or wrong, for 

example in a task where the subject was supposed to respond within a certain criterion (e.g. 

within one point or within a certain time frame) that is not defined until after they have 

responded (Holroyd & Coles, 2002). The FRN is a stimulus-locked ERP, where time of onset is 

counted from the onset of the feedback stimulus, and not after the response. The FRN generally 

comes at a later time than the regular ERN (Luck, 2005).  

If social feedback elicited a bigger FRN, it would suggest that the same high-level error-

monitoring system is involved in processing social as well as simple mistakes. 

Social Deviance and the FRN (A Social Task) 

 Kim, Liss, Rao, Singer and Compton (2012) conducted a study on the FRN in relation to 

a social task in which there was no objective right answer. Since social relationships are so 

important, they wanted to know if the FRN was elicited by a perceived wrong answer in a social 

task as opposed to only a button pressing task, which has no social ramifications. They framed 

their study within theories related to social norming and conformity. Social norming is the 

effects of a social group’s opinions on an individual’s opinions, and conformity is changing 

one’s behavior to be more accepted by a social group (Cialdini & Goldstein, 2004). Adhering to 

social norms is important to maintain relationships (Cialdini & Goldstein, 2004), so they 
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hypothesized in rerating the faces, people would change their answers to be more like the 

average they were shown (Kim, Liss, Rao, Singer, & Compton, 2012). 

In this study, Kim and colleagues examined FRN amplitudes in response to feedback on a 

social task—rating faces on attractiveness (all female to minimize responses to gender) (Kim, 

Liss, Rao, Singer, & Compton, 2012). After they gave their own rating of the face, they were 

shown their response and an “average rating” purported to be from an earlier pilot study of their 

peers. In fact, these averages were controlled and were programmed to be 0, 1, 2, or 3 points 

different from the participant’s ratings (half higher and half lower). At the end, participants were 

asked to rerate the faces but given no feedback. (Kim, Liss, Rao, Singer, & Compton, 2012)  

 They found that FRN was indeed elicited by feedback that the participants had rated the 

faces differently than their peers (Kim, Liss, Rao, Singer, & Compton, 2012). Beyond that, they 

found that the difference in amplitude of FRN increased linearly with the number of points 

different, so that answers in which they were 3 points different elicited a higher FRN peak than 

with 2 or 1 point differences. They also examined the differences in FRN amplitude  when the 

average was 2 or 3 points higher versus 2 or 3 points lower and found that when the average was 

higher (so they rated the faces as lower on attractiveness than the average), the FRN amplitudes 

were higher than when the average was lower (Kim, Liss, Rao, Singer, & Compton, 2012). There 

did seem to be a tendency towards conforming to the given average by changing their ratings on 

the rerating task. 

 All of this supports the hypothesis that the FRN does indeed respond to social mistakes in 

the same way it does to objective right/wrong tasks and losing money in a gambling task, and it 

does so in a manner in which the amplitude of the FRN is directly proportionate to the magnitude 

of the perceived mistake. Kim, Liss, Rao, Singer and Compton interpreted the second finding 
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(the amplitude difference associated with a positive or negative difference from the average) as 

perhaps resulting from an attitude of “oh, I may have judged them too harshly,” or that perhaps 

finding someone more attractive than others is more acceptable than finding them less attractive 

(Kim, Liss, Rao, Singer, & Compton, 2012). They did not find any relation between FRN 

amplitude and tendency to conform/change their rating. There are various reasons that could 

explain this, including that everyone registered the difference with the same intensity, but that 

some were ok with the idea of being different and others weren’t. 

So, this study provides evidence that social tasks activate the error-monitoring system in 

the same way that non-social tasks do, so the two kinds of errors are likely processed by the 

same executive function pathway. 

Effects of Unconscious Processing of Facial Affect on ERN  

So if a social task and social mistakes activate the error-monitoring system, what about 

social feedback? Boksem, Ruys and Aarts (2011) call facial expressions a potent source of 

information. Humans need to be able to read cues to assess situations and adapt their behavior to 

avoid bad outcomes (Boksem, Ruys, & Aarts, 2011). Facial expressions are all about 

communication; disgusted expressions translate to disapproval, or negative evaluations, and 

happy expressions translate to approval, or positive evaluations. These social cues tell us how 

our behavior, affect or presence is viewed by others, and negative evaluations are cues to change 

our behavior. Having disgust directed at oneself can induce feelings of guilt or shame for one’s 

actions (Boksem, Ruys, & Aarts, 2011) and these feelings are potent motivators for behavior 

change so that we do not lose the respect or friendship of the other person. Shame has been 

shown to increase ERN amplitudes (Boksem, Ruys, & Aarts, 2011); since shame is in response 
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to social disapproval, this could mean that as far as the brain is concerned, a social mistake (and 

all its implications) is a bigger mistake than one without social consequences.  

 With this in mind, Boksem, Ruys, and Aarts (2011) looked at the effects of different 

facial expressions on the amplitude of the ERN. Facial affect processing has been shown to be 

automatic (Aviezer, Bentin, Dudarev, & Hassin, 2011), so in order to see if any effects were 

from an unconscious processing of the facial expressions they used a simple button-pressing task 

in which the facial expressions were entirely irrelevant. Subjects were shown pictures of faces on 

one side or another of a central fixation point and told to respond with the left index to male 

faces and the right index to female faces. They were instructed to respond as quickly as possible 

while still maintaining a high degree of accuracy. Trials were either congruent (face on the same 

side as the finger they were supposed to respond with) or incongruent (face on the opposite side) 

trials. There were also three between-subjects conditions—the facial affect of the stimulus. One 

condition was with happy faces (implying approval), one with disgusted faces (implying 

disapproval), and one with sad faces (neither). (Boksem, Ruys, & Aarts, 2011) 

  They found that the ERN was largest in response to errors in the disgusted condition 

compared to the happy and sad conditions (both significant), while there was no amplitude 

difference between happy and sad conditions (Boksem, Ruys, & Aarts, 2011). This suggests that 

the ERN reaction was not a response just to negative affect, which would predict no difference 

between the sad and disgusted conditions, but a clear response to disgust (disapproval). Because 

the expressions were irrelevant to the task, the different amplitudes seem to mean that the 

implied disapproval was processed unconsciously and that the message was strong enough that 

just the presence of a disgusted face is enough to change how our brain processes errors. 
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Within the context of this study, we will be looking to see if the social feedback of disgust will 

be even more salient when the affect is processed consciously and has meaning to the participant 

about their social standing. 

Social Feedback 

Emotion expression is one of the most basic ways humans communicate (Bistricky, 

Ingram, & Atchley, 2011). It creates intimacy or breaks it down; knowing how we feel lets us 

know whether what we are doing is right (acceptable to others) or wrong (unacceptable to 

others), and whether we need to make a change (Cialdini & Goldstein, 2004). Our emotions are 

intimately linked with both our cognitive and physical (bodily) processes. The a physical 

sensation that goes along with our experience of emotion, reflected in words or phrases like 

“broken-hearted” or “hot with anger,” that seems to reflect that link.  In fact, Eisenberg, 

Lieberman and Williams (2003) studied fMRI scans of people experiencing the “social pain” of 

exclusion and compared them with fMRI studies of physical pain. They found that the same 

areas of the brain involved in self-regulation of physical pain were activated when participants 

were explicitly excluded from a virtual game. This implies that we experience social pain—and 

social injury like a break up or argument—in the same way we experience physical pain or injury 

and probably for the same reason: we need to stop whatever it is that is hurting us and take care 

of the wound so we can heal, thus ensuring our continued existence (Eisenberg, Lieberman, & 

Williams, 2003). 

 People use nonverbal emotional communication every day, often without realizing it. 

One can say “I am angry,” “I love you,” “I am uncomfortable,” express support or disapproval, 

all without saying a single word. People can tell if a couple is fighting without hearing their 

words, or tell if someone is upset without them saying anything. The ability to correctly identify 
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others’ emotional states is crucial for a human to function in society (Boksem, Ruys, & Aarts, 

2011). It allows a person to gauge the reactions of other people to their presence or their words 

and measure their social standing and the intimacy of relationships (Cialdini & Goldstein, 2004). 

Using and understanding nonverbal communication is essential in relationships; it can strengthen 

the relationship, ruin it, create and undo misunderstandings. 

 Much of nonverbal emotion expression crosses barriers of language and culture 

(Elfenbein & Ambady, Universals and Cultural Differences in Recognizing Emotions, 2003). 

People can understand the gist of a foreign film without knowing the language or reading the 

subtitles—but there is also some meaning lost because of differences in expression between 

cultures. Facial affect is one of the clearest and most used aspects of nonverbal emotion 

expression (Bistricky, Ingram, & Atchley, 2011, Boksem, Ruys, & Aarts, 2011) and therefore 

one of the most salient social indicators (Willis, Palermo, & Burke, 2011). Facial expressions are 

used for communication (Boksem, Ruys, & Aarts, 2011; Blair, 2003); they communicate affect, 

intentions, and authenticity (Bistricky, Ingram, & Atchley, 2011). 

Faces 

 There are six facial expressions considered to be universal: happy, sad, disgusted, 

surprised, angry and afraid. These six expressions look the same, regardless of culture. It has 

been posited that having the same expression for these particular emotions was evolutionarily 

advantageous, and there are probably genes that code for those muscle movements (Elfenbein & 

Ambady, Universals and Cultural Differences in Recognizing Emotions, 2003). Other 

expressions can be similar and others do not translate well and are easily misinterpreted. Some 

expressions do not translate at all—in India there is an expression made while wiggling the head 



Running Header: Social Self-Regulation and Feedback Related Negativity (FRN) 

11 
 

side to side that is difficult, if not impossible, for Americans to translate, possibly because there 

is no real equivalent in English. 

 People tend to be best at identifying emotions on faces from their own culture, often 

referred to as the in-group advantage (Elfenbein & Ambady, Universals and Cultural Differences 

in Recognizing Emotions, 2003). In-groups can be racial, cultural, ethnic, geographic, among 

others, and belonging to the group is a fundamental part of a person’s identity.  This advantage 

was found both when comparing Asian and American facial expressions, but also in studies of 

Caucasians judging Caucasian faces that they did not know were from a different culture 

(Elfenbein & Ambady, Universals and Cultural Differences in Recognizing Emotions, 2003). 

Some researchers have posited that there are specific decoding rules in different cultures that 

could account at least in part for these differences, particularly in East Asian societies like China 

and Japan where the expression of emotion is highly regulated (Elfenbein & Ambady, 2003; Lau, 

Fung, Wang, & Kang, 2009). Studies of Japanese participants have found that they were less 

accurate at identifying negative emotions than Americans (Lau, Fung, Wang, & Kang, 2009). It 

could be that there is a cultural inhibition of understanding negative emotional expressions to 

maintain social harmony, which is very important in a more collective culture (Elfenbein & 

Ambady, 2003; Lau, Fung, Wang, & Kang, 2009). Dialect theory could also account for the in-

group advantage. Dialect Theory integrates the universality of emotion and the cultural 

differences and posits that, similar to a dialect of a language, dialects of emotion would vary 

from region to region in which emotions were displayed, how often and with different facial 

expressions (Elfenbein & Ambady, 2003).   

 People have specific emotional reactions to emotionally loaded stimuli (Andreasson & 

Dimberg, 2008). Some studies have shown that when looking at various facial expressions, the 
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muscles in the face used for that expression evoke specific electromyographic reactions as the 

face moves very slightly as the observer momentarily mirrors or mimics the emotional 

expression. This reaction is more pronounced in some than in others. These mimicry reactions 

are automatic and mostly subconscious, and often correspond with reports of actually feeling 

some level of that emotion (Andreasson & Dimberg, 2008). It seems that automatic facial 

responses (i.e. the feeling of one’s face moving) could contribute the physical side of emotional 

experiences.  

 The facial feedback hypothesis states that facial expression impacts the subjective 

experience of emotion (Andreasson & Dimberg, 2008). There are two aspects of the facial 

feedback hypothesis. The first states that the facial expression modulates the experience of 

emotion, i.e. either increases or decreases the amplitude of the emotion. The second states that 

facial expression can initiate the experience of an emotion independent of an emotional stimulus, 

so different facial affects actually induce that emotion (like when people say to smile to feel 

better whether or not you mean it). This could explain mimicking facial expressions as a 

mechanism of empathy and affect identification.  

 Andreasson and Dimberg (2008) propose that individual levels of empathy could explain 

the differences in responses to facial feedback. People high in empathy are more sensitive to 

other people’s emotions, and have stronger reactions to facial feedback, which extends to more 

distinct facial muscle reactions to facial expressions (Andreasson & Dimberg, 2008). There is 

also some evidence that people higher on empathy are sometimes better at distinguishing and 

identifying facial affect (Willis, Palermo, & Burke, 2011). In this study, they found that people 

high in empathy rated humorous videos differently than those low in empathy with induced 
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facial expressions (holding a pencil between their teeth or their lips to mimic happy or sulky 

facial expressions). 

Automaticity 

 Facial affect recognition is automatic and subconscious (Aviezer, Bentin, Dudarev, & 

Hassin, 2011). Aviezer, Bentin, Dudarev and Hassin (2011) examined two aspects of the 

automaticity of affect recognition: unintentionality and effortlessness. First they looked at the 

intentionality of affect recognition by showing participants isolated faces, and then faces within a 

context. The facial affect was varied in whether it matched the context or not—e.g. a picture of a 

gun and a fearful body stance paired with either a fearful or sad/happy/disgusted/angry face—to 

look at the integration of facial and contextual cues. Facial affect was identified correctly most in 

the cases where body and face portrayed the same emotion. The second most was where the face 

and body emotions were remarkably different. People had the most trouble identifying facial 

affect if the facial emotion and context were similar (sadness confused with fear, disgust 

confused with anger). Some participants were instructed to ignore the settings and look only at 

the face while others were not. Still they found that even participants explicitly told to ignore the 

background and focus only on the face made the same mistakes, and as many mistakes, as the 

control group. This implies that the recognition and integration of facial affect and context is 

unintentional; it happens whether we want it to or not.  

 Second the researchers looked at effortfulness by introducing varying levels of cognitive 

load (a string of characters to memorize) while subjects did the same facial affect/context 

recognition task (Aviezer, Bentin, Dudarev, & Hassin, 2011). They found that the same pattern 

of recognition/confusion of affect in the responses, and also that memory errors were just as 

likely in the low load and the high load task. If cognitive load took attention away from an 
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effortful recognition of affect, then we would expect participants in the higher load task to make 

more mistakes than the low load. This suggests that facial affect recognition was not affected by 

the load on other parts of the brain, but rather that it is effortless. 

 To look at where these automatic processes happen, Phillips et al (1997) performed an 

fMRI study to look at specific areas of activation in the brain while participants looked at two 

facial expressions, disgust and fear. They predicted that disgust would activate areas of the brain 

previously associated with perceiving offensive stimuli. When looking at fearful faces, they 

found activation in the amygdala, consistent with other studies of neural responses to fear 

(Phillips, et al., 1997). They also found patterns of activation for disgusted faces that were 

distinct from the response to fearful faces. These include the anterior insula, the medial frontal 

cortex, and the right putamen and thalamus. The anterior insula has been found to be part of the 

gustatory cortex in primates, which processes pleasant and unpleasant tastes. Activation of the 

anterior insula in humans has also been linked to tasting salt and experiencing pain. This study 

showed evidence that there is a particular pattern of response to disgust, and that it is different 

from activation patterns for fear (Phillips, et al., 1997). 

Depression and Facial Affect Processing 

 People with depression show unusual patterns in facial affect processing in comparison 

with healthy people (Bistricky, Ingram, & Atchley, 2011). Studies have shown a general 

impairment in identifying facial affect in depressed populations. This general impairment 

increases with distress, possibly because depression deactivates the part of the brain responsible 

for the discrimination. However, in less distressed populations there is some evidence of 

increased accuracy in identification of sad and fearful faces. Depressed people are more likely to 
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identify subtle sad or fearful expressions, or to interpret neutral or ambiguous faces as being sad 

or fearful. They are also less likely to identify subtle happy faces. 

 People with depression also show different patterns of attention to facial expressions than 

healthy people (Bistricky, Ingram, & Atchley, 2011). There appears to be a bias of attention 

towards sad faces in depressed samples, while healthy samples tend to shift their attention away 

from sad faces. The opposite is true for happy faces; people with depression shift their attention 

away from happy faces while healthy people pay more attention to happy faces. It is possible that 

constantly paying attention to sad faces and ignoring happy faces starts a “depressive-mood-

maintaining internal monologue” of feeling sad, looking at sad faces, feeling more sad, and so on 

(Bistricky, Ingram, & Atchley, 2011). 

 Interestingly, studies of populations at-risk of developing depression, such as children 

with depressed parents, people with a familial history of depression or formerly depressed 

people, have found the same attentional biases (Bistricky, Ingram, & Atchley, 2011).  This 

suggests that there is some shared aspect of cognitive function that can lead to depression, or 

possibly indicate a slide towards depression. Some researchers have posited that the bias towards 

perceiving and paying more attention to sad affects is part of a breakdown in the inhibition of the 

intake of depressive information. This could be a mechanism in the development and progression 

of depression, but the specifics as yet remain unclear (Bistricky, Ingram, & Atchley, 2011). 

 The difficulties in processing facial affect experienced by people with depression 

necessarily cause problems in their relationships. A depressed person’s feelings of guilt or of 

being a burden can be exacerbated when they interpret someone’s neutral expression as sad or 

when they detect subtle expressions of sadness and assume that they are the cause. This in turn 

can frustrate the other person, and the cycle can take a great toll on the relationship. People with 



Running Header: Social Self-Regulation and Feedback Related Negativity (FRN) 

16 
 

depression also have difficulty meeting and relating to new people since they are more likely to 

take a neutral reaction as a rejection. (Bistricky, Ingram, & Atchley, 2011) 

Truth-telling/Lying  

 One of the things we use these social cues for is to make snap judgments about others’ 

authenticity or deception. Correctly identifying facial affect can provide clues as to a person’s 

intentions (Bistricky, Ingram, & Atchley, 2011; Willis, Palermo, & Burke, 2011). Identifying 

facial affect is also important in determining the authenticity of what someone is saying (Porter, 

ten Brinke, Baker, & Wallace, 2011). It is also important for us to be able to use our expressions 

to convey (or convince others of) our authenticity. People use facial expressions in their lies with 

different strategies, such as portraying a fake emotion, or suppressing their real emotion. In a 

study by Porter, ten Brinke, Baker and Wallace (2011) they found that when asked to tell a lie, 

participants who were high on emotional intelligence portrayed the fake emotion (masking their 

true emotion) for longer than those who were low on EI. On the other hand, people who were 

high on psychopathic tendencies tended to “leak” emotions less, suppressing their real emotion 

and not letting it show on their face more successfully than those low on psychopathic 

tendencies. Therefore, detecting inconsistencies in facial affect can help a person identify a lie, 

and a lack of inconsistencies can help convince a person they are being told the truth (Porter, ten 

Brinke, Baker, & Wallace, 2011). 

 People also look for truth/lies in other ways, such as body language, posture, language 

use and cadence like starts and stops, use of ‘um’ and ‘uh,’ and repetition. According to Arciuli, 

Mallard and Villar, interjections and gestures are more indicative of truth-telling, whereas filled 

pauses are usually associated with lies. Unfortunately, most people are bad detecting lies using 

those cues, either because they look at the entirely wrong thing or because they get the meaning 
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wrong, like ascribing increased gesturing to nervousness while telling a lie even though more 

often it indicates truth. (Reinhard, Sporer, Scharmach, & Marksteiner, 2011; Arciuli, Mallard, & 

Villar, 2010). According to Reinhard, Sporer, Scharmach and Marksteiner (2011), the best way 

to figure out a lie is to be familiar with the subject of the lie and then find inconsistencies in the 

story. In fact, even believing that one is familiar with the subject or setting of the lie increased 

people’s accuracy (Reinhard, Sporer, Scharmach, & Marksteiner, 2011). 

Voices 

 Like faces, voices are also social stimuli that convey important social information like 

affect, emotion, authenticity, and someone’s response to social situations information we use to 

guide our own behavior. Tone of voice, volume, pitch, prosody, and cadence all contribute to 

how we communicate and understand voices. Unlike the visual system, the auditory system is 

stimulated even before babies are born, and as newborns babies attend more to human speech 

than other sounds (Legerstee, Anderson, & Schaffer, 1998). Up to a certain age, babies can also 

distinguish between phonemes that don’t exist in their native language, for example Chinese 

babies can distinguish between ‘r’ and ‘l’ even though they don’t exist in Chinese (Legerstee, 

Anderson, & Schaffer, 1998). Response to voices and speech is hardwired in the brain and 

develops early. Voices can communicate things about a person, like activity, arousal, or valence, 

and can also be used communicate things like dominance or nurturance; think of the classic “you 

are in so much trouble” tone of voice perfected by parents and teachers everywhere (Banse & 

Scherer, 1996). Although people have some level of accuracy—much better than chance—in 

identifying vocal affect, there are also particular emotions that people have trouble with, such as 

disgust (Banse & Scherer, 1996). They also do not translate as well cross-culturally as facial 
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expressions (Elfenbein & Ambady, When Familiarity Breeds Accuracy: Cultural Exposure and 

Facial Emotion Recognition, 2003). 

Evolutionary Argument the Importance of Social Stimuli 

 An evolutionary argument for the importance of social stimuli and the ability to read 

them correctly is that one’s social group, and staying properly connected with them, usually 

meant the difference between life and death (Bistricky, Ingram, & Atchley, 2011). Becoming 

outcast from a group was to lose access to shared resources like food, shelter, mates, and social 

support for things like childcare. Making and maintaining relationships with other humans was 

(and is) essential (Cialdini & Goldstein, 2004). 

 The power of facial expressions as social cues is possibly due to the fact that the human 

visual system is very strong in comparison with our other senses. Reading and responding 

appropriately to facial expressions creates and strengthens rapport which in turn strengthens the 

relationship (Cialdini & Goldstein, 2004). Thus it makes sense that those who were better at 

forming cohesive groups and individuals who continued to be accepted by the group probably 

survived longer and had more offspring who made it to maturity. 

 Voices (and ‘reading’ voices), as another kind of social stimulus, would then also be 

evolutionarily important for survival. And with the advent of words, direct expression of internal 

states became possible and humans had to depend less on the astuteness of their companions for 

the ability to communicate. Words can also be the most potent aspect of a lie (Reinhard, Sporer, 

Scharmach, & Marksteiner, 2011). Voices also have the benefit of not being obscured by the 

dark, since we humans have relatively poor night vision (Banich & Compton, 2011) and 

therefore cannot read facial expressions in the dark. 

Trustworthiness 
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One type of social judgment in which social cues are especially important is in assessing 

trustworthiness. Willis, Palermo and Burke (2011) define trustworthiness as “assess[ing] the 

reliability of another individual” (416).  Knowing who to trust, and when, can be crucial, like 

when choosing a baby-sitter, who to be friends with or who to date. They looked at judgments of 

trustworthiness and approachability (another social judgment) and the relation to facial affect and 

eye contact. Tasks assessing trustworthiness have typically involved participants judging pictures 

of neutral faces, which have been pre-rated to be of average attractiveness etc. Often the 

experiment will ask the participants to imagine themselves in a situation like being a tourist 

sightseeing in a big city, and then to rate the faces on whether they would let that person hold 

their camera if said person came up and offered to take a picture of them. Instead of having 

people rate only neutral faces, Willis, Palermo and Burke (2011) used pictures of people that 

varied on affect (angry, disgusted, happy, sad, neutral, afraid) and also on the direction of eye 

gaze (either direct gaze or averted). 

 They found that the direction of eye gaze affected how participants rated faces on 

trustworthiness. Neutral faces that were judged as less trustworthy were perceived as displaying 

anger. Angry faces were judged more harshly (less trustworthy) when they had a direct gaze, 

whereas neutral and happy faces were rated more positively when they had a direct gaze. 

Regardless of gaze, disgusted and angry faces were equally negatively valued compared to sad 

and afraid, and happy faces were rated as significantly more positive than any of the others. They 

posit that the more extreme ratings have to do with the perceived intensity of the emotions 

(Willis, Palermo, & Burke, 2011). They also posit that trait anxiety and an individual’s general 

tendency to be trusting of others also contribute to how people rate trustworthiness. Anxiety 

levels have been shown to have an effect on the amygdala, which has been implicated in social 
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judgment, which could explain some of the individual differences (Willis, Palermo, & Burke, 

2011). 

Our Experiment 

 Given that social stimuli are such important and powerful sources of information and that 

our error monitoring system is sensitive to social errors, we want to ask whether social feedback 

(faces or voices) is more salient than non-social (abstract/numeric) feedback on a social 

judgment task. This experiment was designed to expand on the study by Kim, Liss, Rao, Singer 

and Compton (2012), incorporating the evidence from Boksem, Ruys, and Aarts (2011) that 

facial affect elicits different ERN peaks and apply that to our methods of feedback.  

Kim, Liss, Rao, Singer and Compton (2012) studied FRN amplitudes elicited during a 

task of rating the attractiveness of neutral faces. The feedback was a number that showed the 

difference between the participant’s ratings and the average rating by a group of their peers—i.e. 

how deviant they were from their social group. The study showed that the bigger the difference 

(the more deviant they were judged), the bigger the amplitude of the FRN (Kim, Liss, Rao, 

Singer, & Compton, 2012). 

We used a similar task of rating faces as the Kim et al study, this time judging for 

trustworthiness instead of attractiveness. Trustworthiness is a social judgment we make about 

people from first impressions, and it is vital to our health and well-being to be able to make 

accurate snap judgments about whether you can trust a person. Trustworthiness as assumed from 

appearance or a short vocal clip is also subjective, like attractiveness, and a bit ambiguous, so 

like the Kim study, there were no objective right or wrong answers so any ERN/FRN activity 

would be related solely to the feedback given to the participants. 
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We also added voice stimuli to the kinds of stimuli they are supposed to rate. Faces and 

voices are both social cues, and helped control for any cross-modal effects of visual 

stimuli/visual feedback. Then we compared non-social and social feedback, in the form of 

abstract/symbolic feedback with two types of social feedback in the form of faces and voices.  

 This experiment has a 2x2x3 design (stimuli x feedback valence x feedback type). 

Stimuli were either faces or voices, feedback valence was either positive (congruent) or negative 

(incongruent) and the feedback types were faces, voices, or non-social feedback. We looked at 

the amplitude of the FRN in response to different types of positive or negative feedback as well 

as reaction times to each stimulus. 

Hypotheses  

 FRN in response to feedback indicating social deviance will be larger when it is 

conveyed through a social medium, either faces or voices, as compared to non-social 

feedback. 

Methods 

Participants 

 Participants were 29 students from the Bi-Co community, recruited using on-campus 

advertisement signs and forums like the Go! Boards and Facebook. Volunteers followed a link to 

a pre-screening survey about neuropsychological history and other eligibility requirements. To 

maintain confidentiality of sensitive information, only one experimenter (Rebecca Compton) saw 

the results of the pre-screening; from that a list was generated of potential participants who were 

emailed to follow up on their continued desire to participate. The potential participant list had no 

link to the previous survey, and participant data was given a number so there was no way to 

connect the data with the name of the participant to maintain confidentiality. Participants were 
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between 18-23 years old, 12 were male. They were given $20 in  remuneration for their help. For 

analysis, 5 participants were excluded because of data gaps. 

Stimuli 

 The happy and disgusted faces used for feedback were of one female, chosen from the 

Ekman Face set (Ekman & Friesen, 1976). The happy and disgusted voice clips were of a female 

person saying “Yay!” or “Euch!” (disgusted noise). The symbol feedback stimuli were a white 

checkmark or X on a black background, matched for size and salience. 

 The stimuli the participants rated in the main task were either faces or voices. The faces 

were 192 pictures from a high school yearbook, so they matched in size, angle, and background 

and were balanced for gender (half male, half female). Photographs were excluded from 

consideration if they had distinctive features, i.e. facial hair, glasses, strange expressions, etc. 

The voice stimuli were 192 clips from radio broadcasts or interviews on the Internet. They were 

2.0s long, chosen to be emotion- and content-neutral (no shouting, no words that could cause a 

strong negative or positive reaction not related to the quality of the voice, e.g. “controversy” or 

“cancer-free”), half male and half female, with a standard American accent. 

 We performed a pilot test with potential stimuli to exclude stimuli that evoked strong 

reactions so that all stimuli were relatively neutral and relatively uniform in salience, and to test 

for a possible gender bias in ratings. 10 participants rated 259 faces (139 male) and 213 voices 

(106 male) for trustworthiness on a Likert-type scale of 1-9 (1=least trustworthy). Stimuli that 

received average scores above 7 and below 4 were excluded, and then the stimuli with the 

highest standard deviation were dropped until there were 192 exemplars of each type. Reactions 

were not significantly different between faces and voices or between male and female faces or 

voices. To divide stimuli into three blocks, the stimuli were listed by ratings and put into A, B, or 
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C group using an ABCCBA pattern so that one group did not accidently end up with more highly 

rated stimuli that would distort the effects of the chosen factors. 

Task 

 Participants first received instructions on the task and the cover story—that they were to 

imagine that they were tourists and that the person in the stimulus had offered to hold their 

camera and take a picture in front of a monument—and that they were to rate these people on 

trustworthiness, on a Likert-type scale 1-9. Before each set, instructions appeared as to what the 

feedback would look or sound like and what the different feedback valences meant. The happy 

and disgusted face were shown for the facial feedback condition, a check and an X for the non-

social feedback condition, and the voice feedback was a recording of a person saying “Yay!” or 

“Euch!” (disgusted noise). When sets using voice feedback started, the happy and disgusted 

noises were presented successive screens with instructions on what that meant.  

 The stimulus was presented first for 2 seconds and then a screen came up and prompted 

them to enter their rating which remained until the person responded. Then they received 

feedback for 750 ms indicating that they were either made a match or a mismatch to a fake 

average. (see Figure 1 for a diagram). 

 For each stimulus type (faces and voices), there were three kinds of feedback (face, 

voice, or symbol), for a total of 6 sets of stimulus/feedback combinations. Half of the trials in 

each set received same-as-average (congruent or match) feedback and half received different 

(incongruent or mismatch) feedback, with the fake averages manipulated to be 0, 1, 2, or 3 points 

different from the participant’s response. The order of presentation was counterbalanced across 

participants.  

 Instructions for task and feedback:  
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You will rate a set of faces/voices on trustworthiness. We would like you to 
imagine you are a tourist in a foreign country, and this person approaches you 
and offers to take a picture of you with your camera in front of the monument. 
Please rate how likely are you to trust this person with your camera? 
 
These voices and faces have already been rated by other students in the Bi-Co 
according to trustworthiness.  
 

 
You will be rating faces (voices) on trustworthiness. After you put in your 
rating, you will receive feedback indicating whether you matched the 
group average. 

 

If you were within one point of this average you will see (hear) this: 

 

 

If your rating differed by more than one point from 
the group average you will see (hear) this: 

 
 

 The within-one-point condition was the congruency feedback (positive valence), and the 

differed-by-more-than-one-point was the incongruent feedback (negative valence). 

 The program was designed using the software E’Prime. 

Individual Difference Measures 

 To measure individual differences we used the brief version of the Fear of Negativity 

Scale (Collins, Westra, Dozois, & Stewart, 2005; Rodebaugh, Woods, Thissen, Heimberg, 

Chambless, & Rapee, 2004) and the Balanced Emotional Empathy Scale (Mehrabian, 2000). We 

then looked at those answers to see if different types of feedback differentially affect people high 

or low on empathy or fear of negativity. 
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 The brief version of the Fear of Negativity Scale (FNEB) has 12 items measuring aspects 

of social anxiety and social phobia (Rodebaugh, Woods, Thissen, Heimberg, Chambless, & 

Rapee, 2004). Four items are reverse-scored.  The FNEB uses a five point Likert-type scale, 

unlike the original FNE which used simple true/false answers (Collins, Westra, Dozois, & 

Stewart, 2005). The FNEB has achieved good reliability. In a study by Collins, Westra, Dozois, 

and Stewart (2005) the inter-item reliability was α= .97 and the two week test-retest reliability 

was r=.94. 

 The Balanced Emotional Empathy Scale (BEES) is designed to measure trait empathy 

(Mehrabian, 2000). Mehrabian defines emotional empathy as “one’s vicarious experience of 

another’s emotional experiences—feeling what the other person feels.” (Mehrabian, 2000, 3). 

The BEES has 30 items on a 9 point Likert-type scale. Half of the items are reverse-scored to 

reduce acquiescence bias. The normal mean is M=45, SD= 24. Women tend to score as more 

empathetic than men. The BEES has an internal consistency of α=.87 and a 6 week test-retest 

reliability of r=.79. 

Electrophysiological Recording 

 For this experiment, we used EEG methods with Ag/AgCl electrodes embedded in a 

Quik-Cap system to look at the Fz, FCz, Cz and Pz sites which is where the FRN is usually seen 

(Kim, Liss, Rao, Singer, & Compton, 2012). Signals were amplified by a NuAmps amplifier 

using Neuroscan software with a sampling rate of 1000 Hz and a bandpass of 0.1-40 Hz.  

Data Processing and Quantification of FRN 

 To process the raw EEG data, gross artifacts (e.g. muscle movements and any amplitude 

spikes of less than -150 or more than +150 mV) were removed by hand. A program was run to 

re-reference the data to an average of A1 and A2, and then to reduce ocular (blink) artifacts. 
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Epochs were created around each feedback stimulus onsets, from -200-+600 ms.  The amplitude 

of the FRN was calculated using the average voltage from 350-450 ms. The average voltage 

from -200-0 ms  was used for the baseline. FRNs were calculated by averaging across 

participants separately for each trial type: congruent/incongruent (match/mismatch), 

voice/face/symbol feedback, and voice/face stimuli.  

Results 

 

 
Figure 2. Graph of amplitude over time averaged across subjects for match/congruent and 
mismatch/incongruent. A clear difference can be seen between curves between 350-450ms, the time of 
the FRN. (Also attached below.) 
 
 Above is the EEG graph of the FRN showing the amplitude/time curve from -200ms - 

+600ms, comparing match and mismatch responses (averaged over subjects). Match or 

congruent trials show a visibly strong positive going peak during the 350-450ms time window of 

the FRN and the mismatch or incongruent curve is visibly more negative than the match or 

congruent curve. 
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 To examine our FRN results, we used a 2x2x3x4 factorial ANOVA of stimulus type 

(face, voice) x feedback valence (match, mismatch) x feedback type (face, voice, symbol) x EEG 

site (Fz, FCz, Cz, Pz), with the dependent variable the amplitude of the FRN. Stimulus type had 

two levels, face and voice stimuli. Feedback valence also had two levels, positive and negative.  

There were main effects of stimulus type (F(1,23)= 8.243, p=.009), feedback type (F(2,46) = 

17.453, p≤0.001), and a main effect of feedback valence that was not quite significant 

(F(1,23)=4.024 p=.057). The effect of feedback valence showed the presence of an FRN in the 

data, and that it was more negative in response to negative feedback than positive (M=1.203 SD= 

0.570 for negative feedback, M=1.919 SD= .629 for positive feedback), which lines up with 

previous literature. The main effect of stimulus type showed greater FRNs on trials with a voice 

stimulus as compared to a face stimulus (face M=.611 SD= .605, voice M=2.510 SD=.714, all 

ERP means given in microvolts).  The main effect of feedback type showed greater responses 

(larger ERPs) to voice feedback. A Bonferroni post hoc test showed that the face and symbol 

stimulus were different from voice, but not significantly different from each other (face M=.627 

SD= .714, symbol M=.159 SD=.762, voice M=3.896 SD=.608).  

 The ANOVA Omnibus F test showed interaction effects of feedback valence and 

feedback type (F(2,46)= 66,274, p≤0.001), stimulus type and feedback type (F(2,46)= 3.437, 

p=.041), and several interactions with EEG site.  Our hypothesis predicts a feedback type x 

feedback valence interaction, but the expected pattern was only present for the voice trials (see 

Figure 3).The interaction showed that the difference in FRN amplitude between positive and 

negative feedback types was mostly seen in voice feedback trials, with more positive FRNs for 

positive feedback and more negative for negative feedback, which lines up with our hypothesis. 

The difference in ERPs with symbolic feedback actually showed the opposite effect, which was 
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unexpected, and there was no significant difference between feedback valences for face 

feedback, also not expected. 

 Interactions with electrode site were: feedback valence x  electrode site (F(3,69)= 7.740, 

p≤0.001), stimulus type x electrode site (F(3,69)= 8.507, p≤0.001), feedback type x electrode site 

(F(6,138)= 25.005 p≤0.001), and feedback valence x electrode site (F(3,69)= 8.323 p≤0.001) 

(See Figures 4-9 for means and plots of interaction effects). The interaction effects with 

electrode site showed greater effects moving back along the scalp from Fz-Pz.  The interaction of 

feedback type and stimulus type showed larger FRNs for voice stimuli, especially when they 

received voice feedback. 

 Fear of Negative Feedback scores were added as a covariate to the original 2x2x3x4 

repeated measures ANOVA of feedback type x feedback valence x stimulus type x EEG site. 

The hypothesis would predict an interaction between FNE score and feedback valence 

(match/mismatch), which was found to be not significant. Two complex interaction effects were 

found unexpectedly, stimulus type x eeg site x FNE score (F(3,63)=3.460 p=0.021) and stimulus 

type x feedback type x site x FNE (F(6,126)=6.078 p=0.002). Further analyses will not be 

explored in this paper because they were unexpected and have no implications for the 

hypothesis. 

 To look at whether participants rated faces differently during different parts of the 

experiment (certain blocks of stimuli and feedback types), we performed a separate 2x3 repeated 

measures factorial ANOVA including the factors stimulus type and feedback type, with 

trustworthiness ratings as the dependent variable. We found a main effect of stimulus type 

(F(1,28)= 15.443, p≤0.001) and an interaction between stimulus type and feedback type 
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(F(2,56)= 5.876, p=0.005). Participants rated voice stimuli higher on trustworthiness than face 

stimuli, especially when they received voice feedback (see Figure 10 for means). 

 When BEES scores were added to the original 2x2x3x4 repeated measures ANOVA, no 

significant results were found. 

Discussion 

 Our hypothesis for this study was that the FRN in response to feedback indicating social 

deviance will be larger when it is conveyed through a social medium, either faces or voices, as 

compared to non-social feedback. This hypothesis was partially supported, in that voice feedback 

showed the expected difference for feedback valence in comparison to symbolic feedback. 

However, facial feedback did not show the same effect and actually seemed to have no effect, so 

it was probably not the social versus non-social nature of the feedback that caused the different 

reactions. Reactions to voice feedback were stronger in general, so there could be something 

about the salience of the particular feedback we used, or it could be some characteristic of voice 

feedback creating the effect. Symbolic feedback actually showed a reverse effect of a more 

negative peak for positive feedback and a more positive peak for negative feedback. It is unclear 

why this might be so; again, perhaps the particular stimuli we chose had different salience than 

we had thought.  

 Voice stimuli elicited greater FRNs than face stimuli in general (main effects of stimulus 

type and feedback type), and particularly when paired with voice feedback, which supports the 

idea that it is something about voices in general that evokes a strong reaction and not just the 

particular feedback used. Perhaps something about vocal feedback connects to a deeper, 

subconscious, emotional reaction (a “gut” reaction, perhaps) than faces do. Certainly humans 

have a strong reaction to hearing fear in another’s voice, whether they can see what is happening 
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or not. In terms of salience, it could be that the emotional faces we used were not salient enough, 

especially when compared to voices. The Eckman faces were made by actors moving particular 

muscles in their face instead of having a natural reaction, whereas the voice feedback was 

recorded with the experimenter responding to a real situation that created disgust or happiness. 

While the voice and face stimuli were tested in the pilot study, the feedback was not. A future 

study might look at the differences between emotion in faces and voices and refine the feedback 

stimuli to match each other more closely on emotional “volume.” 

 Looking at the ERP waveform above, there is clearly a wave differential between match 

(congruent) and mismatch (incongruent) trials between 350 and 450 ms. However, the direction 

of the curves suggest that the effect may be more of a reward reaction to positive feedback than a 

negative/punishment reaction to negative feedback. This is different than the Kim et al study, in 

which there was a clear negative peak in reaction to negative feedback (Kim, Liss, Rao, Singer, 

& Compton, 2012). In the current study, the exception is voices, which had a similar positive 

peak in response to match feedback, but also showed a negative-going peak for mismatch 

feedback. 

 The possibility of a reaction to a social reward would suggest that seeking social approval 

is just as important to our interactions with each other and our environment and our perception of 

our social standing as avoiding disapproval. Studies of conformity have indicated that humans 

are highly motivated to avoid social disapproval, but have not shown the same effects on 

motivation for actively seeking approval (Cialdini & Goldstein, 2004). On the other hand, there 

does seem to be an intuitive awareness of the importance of approval seeking in stories of 

uncharacteristic (sometimes outrageous) behavior being displayed by someone trying to fit in, 

and the common conception of peer pressure as not just a threat of being an outcast, but a 
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conditional offer of being an insider. This might suggest that the error-monitoring system is 

sensitive not only to mistakes but instances of success. A success-related reaction might not have 

been evident for ERNs in simpler tasks, in which it is assumed that the participant has the ability 

to do the task, whereas matching others’ perception and judgment could be considered a task that 

takes skill that not everyone would have (and would be desirable).  Looking at success in the 

context of a system that was previously thought to be only related to mistakes would be an 

entirely new avenue of study. 

 In terms of the unexpected strength and weakness of reactions to positive or negative 

voice and face feedback, there may be another process involved that would explain why it was so 

different from our hypothesis. There is evidence that humans are not particularly good at 

distinguishing disgust from only vocal feedback, and often confuse it with sadness (Banse & 

Scherer, 1996). In this study however, participants were shown what the feedback would sound 

like and told what it meant, so there was really no guessing involved. Also, with only two 

choices, especially that are so easily distinguishable (intentionally), the discrimination between 

happy and disgusted feedback was simple with little to no chance for confusion. A lot of the 

literature described above looked at emotion recognition and accuracy, but it could be that 

although people are worse at identifying vocal emotion, when they do identify it they have a 

much stronger reaction to it than faces, which they identify more accurately (considering 

phenomena like an adrenaline rush in response to someone else screaming as opposed to merely 

seeing a picture of a fearful expression). Future research might compare levels of emotional 

reaction to facial and vocal stimuli when the distinction is explicit and therefore processed 

consciously, as opposed to more subtle subconscious reactions to emotions that are supposed to 

be incidental to the task. 
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Figure 1. Diagram of slides and stimuli as presented to the participants. 

 

 

                                                                                                                                 Your Rating      Average 

                                                                                                                          #                          # 

 

 

   

Stimulus Feedback 

or or or  
Yuck!

Slide 1 Slide 3 Slide 2 



Running Header: Social Self-Regulation and Feedback Related Negativity (FRN) 

35 
 

Figure 2. Graph of amplitude over time averaged across subjects for match/congruent and 
mismatch/incongruent. A clear difference can be seen between curves between 350-450ms, the 
time of the FRN.  
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Figure 3. Feedback type x feedback valence 
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Figure 4. Stimulus type by feedback type 
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Figure 5. Electrode site by feedback type 
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Figure 6. Electrode site by Stimulus type 
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Figure 7. Electrode site by feedback valence 
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Figure 8. 3 way interaction between feedback valence x feedback type x electrode site  
(Isolated site Fz to show in graph) 
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Figure 9. 3 way interaction between feedback valence x feedback type x electrode site  
(Isolated site Pz to show in graph) --- compare two to show how effect grows as you move back 
skull 
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Figure 10. RATINGS 

 
 

 
 
 
 
 
 
 
 
 
 

 

 

 


