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Abstract 

The neural underpinnings of social emotions such as pride and shame are largely 

unknown. The present study aims to add evidence by exploiting the advantage of Event-

Related brain electrical Potentials (ERP) to examine the neural processes as they unfold 

over time. For this purpose, a dot-estimation task was adapted to explore these emotions 

as elicited in a simulated social context. Pride prompted an early negativity seemingly 

originated in medial parietal regions (precuneus) and possibly reflecting social 

comparison processes in successful trials. This was followed by a late positivity 

originated in medial frontal regions, probably reflecting the verification of singularly 

successful trials. Shame, in turn, elicited an early negativity apparently originated in the 

cuneus, probably related to mental imagery of the social situation. It was followed by a 

late positivity mainly originated in the same regions as the early negativity for pride, 

then conceivably reflecting social comparison processes, in this occasion in 

unsuccessful trials. None of these fluctuations correlated with self-reported feelings of 
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either emotion, suggesting that they instead relate to social cognitive computations 

necessary to achieve them. The present results provide a dynamic depiction of neural 

mechanisms underlying these social emotions, probing the necessity to study them 

using an integrated approach with different techniques.   

Keywords. ERP, pride, shame, social emotions, medial frontal areas, cuneus, 

precuneus. 

 

Introduction 

Social emotions, such as pride, shame, guilt or envy, play a critical role to establish 

social behavior and human moral, being considered of the highest relevance for 

people´s adherence to social norms (Beer & Keltner, 2004; Tangney et al., 2007). They 

regulate and motivate human thoughts, feelings, and behavior, encouraging us to 

achieve actions in order to attain a valued social position (Tracy & Robins, 2007). On 

the other hand, social emotions are cognitively complex. They require self-awareness 

(Abe & Izard, 1999; Lewis, 2000), as well as the ability of mentalizing, as they imply 

concerns about others (Haidt, 2003; Tangney and Dearing, 2003). Despite their 

centrality to understand the distinctiveness of human mind and its evolution (Flinn et 

al., 2005), the neural underpinnings of social emotions have been scarcely studied. The 

present paper aims at contributing to this field by focusing on two of these emotions: 

pride and shame.  

Pride is a pleasant emotion which is experienced when an individual improves in 

social status by achievement and effort (Tracy and Robins, 2007). Shame, by contrast, is 

an unpleasant emotion that evokes pain and aversive feelings arising from situations 

driven by failure to one or others’ ideal standards (Tangney et al., 2007) or from an 
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inappropriate social behavior (Menesini & Camodeca, 2008). It implies a damaged 

global self, leading to anger, hostility, or resentment (Tangney et al., 1996), and even 

anxiety or depression (Gilbert, 2000; Tangney et al., 1992). According to recent 

adaptationist theories, pride and shame are distinct components of a culturally universal 

status management system in which pride tracks status gains while shame differentially 

tracks status losses (Durkee et al. 2019). In this regard, pride would have evolved to 

guide decisions that are relevant to pursue actions that may enhance valuation and 

respect for the self in the minds of others, prompting the individual to take advantage of 

the enhanced social status (Sznycer et al. 2017a, 2018b). Shame, on the other hand, 

would reflect the degree to which others would devalue the individual based on a 

potential action to be done and weigh its direct payoff, the aversive intensity of shame 

encoding this social cost (Sznycer et al. 2018a). Given their functional dissimilarities, 

distinct computational structures may underlie pride and shame, and therefore it appears 

admissible that they could be neurally dissociated. (Durkee et al. 2019; Sznycer et al. 

2017b) 

Though the identification of a distinct neurobiological basis is critical for the 

characterization and definition of any basic emotion (Tracy & Randles, 2011), this has 

been highly elusive regarding social emotions. Overall, these emotions seem to involve 

basic emotional processing brain structures, typically located subcortically -such as the 

amygdala-, together with others related to self-reference and mentalizing and mostly 

placed in cortical areas (Bastin et al., 2016). Indeed, the latter seem to better 

characterize the neural underpinnings of social emotions. Yet, the depiction of distinct 

patterns singularizing social emotions like shame and pride within these self-reference 

and mentalizing regions is far from available.  
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Recent neuroimaging evidence reveals the special relevance of medial prefrontal 

and posterior regions belonging to self-referential and mentalizing circuits during both 

shame (Michl et al., 2014; Gilead et al., 2016; Roth et al., 2014; Zhu et al., 2019) and 

pride (Zahn et al., 2009, 2014; Simon-Thomas et al., 2012; Roth et al., 2014). Besides, 

other studies have also reported the involvement of the anterior temporal lobes in shame 

(Bastin et al., 2016), and the ventrolateral and dorsolateral prefrontal cortex or the 

superior, middle and inferior temporal regions in pride (Hong et al., 2019; Takahasi et 

al., 2008). Remarkably, however, Roth et al. (2014) studied pride and shame 

concurrently and found them indistinguishable in terms of brain activated areas: both 

emotions engaged the same basic emotion-related (amygdala, insula and ventral 

striatum) and self-referential (dorsomedial prefrontal and posterior cingulate cortex) 

regions. Only a larger activation of the basic emotion-processing areas by pride could 

distinguish these emotions, interpreted as due to an intrinsic hedonic value of pride as a 

positive emotion. If we pursue the identification of distinct underpinnings to better 

characterize and dissociate pride and shame at the neural level, the current situation 

appears restraining. The reduced number of studies is one determining factor. The 

present study aimed to expand current knowledge on the neural mechanisms by 

dissociating pride and shame in two remarkable ways that we explain below.  

On the one hand, Event-Related brain electrical Potentials (ERP), at variance 

with other neuroimaging techniques, permit to study the neural temporal dynamics in 

milliseconds, which could, by itself, unveil noticeable differences between shame and 

pride. Moreover, ERP can also provide an approach to structural information by means 

of source-estimating algorithms (Awan et al., 2009). Zhu et al. (2017) used ERP to 

disentangle shame and guilt: both emotions were distinguished about 200 ms after the 

presentation of the stimulus prompting either emotion, since a significant increase of the 
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P2 component occurred in the shame condition. As the P2 relates to early selective 

attention (it is actually originated in visual association areas; see Luck & Hillyard, 

1984), the finding was interpreted as an index of the self-relevance of the visual 

information eliciting shame. To our knowledge, while no other study has approached 

shame by means of ERP, none has been done in relation to pride. The present study 

records ERP fluctuations to stimuli presumably eliciting pride and shame in the same 

experimental session. 

A second way in which the present work contributes to the literature is through 

the development of an experimental paradigm seemingly prompting genuine feelings of 

pride and shame, in controlled social context in the lab. With the exception of the Zhu et 

al., 2019 (studying shame), most of the neuroimaging literature on pride and shame 

elicited these emotions through cue recalling or visual imagination (e.g., reading a 

sentence or viewing a related picture). With these procedures, memory and imagination 

neural processes may interfere with the target emotions processes, while social context 

and evaluations, which are critical factors in shame and pride, might be absent.  

(Robertson et al., 2018). This caveat can be overcome by implementing interpersonal 

games in the lab. This approach has been used in studies on shame (using ERP -Leng et 

al. 2016; Zhu et al., 2017; Sánchez-García et al. 2019- and fMRI -Zhu et al., 2019-), but 

it has never been applied to study pride.  

The present study used an innovative paradigm, endorsing the direct study of 

both emotions at the neural level in the same experiment. In the paradigm developed 

here, the participant played online against three other people in a dot-estimation task. 

After every trial, the participant received feedback on proper and others’ correctness or 

failure. Eight different conditions were created, depending on the feedback pattern. In 4 

of them, the participant was right, and the performance of the other three participants 
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could be: a) they all were right, b) two of the others were right, c) one of the others was 

right, or d) none was right. This was repeated in the 4 conditions in which the 

participant was wrong. What is distinctive about this paradigm is that emotions of pride 

and shame can be elicited in the same session, as a function of the comparison between 

proper and others’ performance. Pride would be maximal when the participant is right 

and all the other players are wrong. The corresponding control trial for this condition 

would be when both the participant and the other three players are right. In turn, shame 

would be maximal when the participant is wrong and all the other players are right, and 

the corresponding control trial would be when both the participant and all the other 

three players are wrong.  

According to previous findings on ERP with social emotions (namely, guilt and 

shame) (Leng et al. 2016; Zhu et al, 2017; Sánchez-García et al. 2019) we expect a 

dual-time processing pattern, i.e., early and late components related to pride and shame, 

possibly reflecting different processing steps contributing to achieve these social 

emotions. Although the ERP technique is relatively unsuitable to explore activity from 

subcortical emotion-processing areas such as the amygdala, it is in turn highly sensible 

to cortical activations, including the medial areas (Luck, 2014). By means of source-

estimating techniques, we expect to find the involvement of self-reference and 

mentalizing areas in both the medial and lateral cortices, presumably differing in their 

dynamic involvement when comparing pride and shame.  

 

2. Materials and methods  

2.1. Participants 

Thirty-six undergraduate students participated in the experiment. Four were discarded 

due to excessive artifacts in their recordings. The remaining sample was composed of 
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16 females and 16 males. Their age varied between 18 and 28 years (M = 19.7 years; 

SD = 1.87). All participants were right-handed, with scores ranging from 50 to 100 

(M=86.66%) according to the Edinburgh Handedness Inventory (Oldfield, 1971). 

Participants reported no history of psychiatric or neurological illness and provided 

written informed consent before the experiment. The study was performed in 

accordance with the Declaration of Helsinki and approved by the ethics committee of 

the Hospital Clínico San Carlos (Madrid). Participants received 15€ for taking part in 

the experiment. 

2.2. Procedure 

Before the ERP experiment, the participant was instructed in the experimental 

procedures. The goal was to play a dot-estimation task online with three other students 

from different universities, other than the host institution. Actually, before the task, 

experimenters showed a simulated conference video call where the three other students 

were being set up their EEG caps in their respective labs to enhance a social context 

setting (Figure 1). The participant was unaware of this pretending manipulation, since 

conference video call was pre-recorded, in a way that appeared realistic to the ongoing 

situation. The aim of the video was to make feasible and reliable the social setting of the 

experiment. In order to balance the gender composition in the social context, the video 

call was different depending on the gender of the participant: for female participants, the 

other 3 participants were two males and one female; for male participants, two females 

and one male. The participant was told that she/he was participating in a competition 

between different universities in Spain on the visuospatial abilities of their students, 

therefore promoting a social comparison situation.  



8 
 

 

Figure 1. Simulated pre-experiment ‘conference video call´, where the three other 

pretended participants are shown to the actual participant  

  

The task consisted in a dot-estimation task, in which the participant received 

feedback on proper and others’ correctness or failure after every trial. Each feedback 

consisted in a composition with the pictures of the four persons presumably performing 

the task, the one of the participant located at the bottom center of the image, together 

with a hit or an error mark below each person’s picture (Figure 2). As depicted in Figure 

2, there were 16 possible feedbacks, as a function of the combination of the correctness 

of the answer of the participant and of each of the 3 opponents.   
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Figure 2. The 16 possible feedbacks displayed after every trial in the dot-estimation 

task. 

The participant was seated on a comfortable chair while the stimuli were 

presented on an LCD screen located at 65 cm distance from her/his eyes. Each trial 

began with a fixation cross appearing at the center of the screen for 500 ms (Figure 3), 

followed by a black screen with twenty white dots (dot size = 3x3 pixels), randomly 

displayed, in a 300x300 pixels frame around the center of the monitor (x=0, y=0) to 

minimize ocular movements. The participant was instructed to estimate the number of 

dots on the screen. The dot stimuli were displayed for up to 1500 ms. After the dots 

disappeared, a blank screen appeared for 800, 1000 or 1200 ms depending on the trial 

(randomly chosen to avoid habituation), followed by a number (19, 20 or 21, randomly 

chosen) for 1500 ms, during which the participant pressed a button, the response being 

relative to whether the number of just-appearing dots was higher of lower than the 
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preceding number. The response hand was counterbalanced across participants. After 

the presentation of a blank screen for 800, 1000 or 1200 ms, depending on the trial, the 

feedback about the performance of the 4 players was presented for 2 s, followed by a 1s 

black screen. 

 

 

Figure 3. Schematic representation of the experimental procedure.  

All performance feedbacks were predetermined by the experimenters, the 

participant being unaware of this circumstance, and they were randomly distributed in a 

realistic manner, as follows. There were a total of 480 trials. In half of them, the 

participant was right, and wrong in the other half. Within the 240 right trials, the 

distribution was: in 35, the other three participants were wrong (pride condition); in 55, 

all the other three participants were also right (control for pride condition); in 75, two of 

the other participants were also right, and in 75, one of the other participants was also 
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right. Correspondingly, within the 240 wrong trials, the distribution was: in 35, the other 

three participants were right (shame condition); in 55, all the other three participants 

were also wrong (control for shame condition); in 75, two of the other participants were 

also wrong, and in 75, one of the other participants was also wrong. A brief training of 

12 trials preceded the experiment. Overall, the whole experiment lasted about 90 min, 

divided into two blocks with a brief pause in between. 

At the end of the recording session, the participant completed a survey on self-

reported emotions to each different feedback, in order to check the validity of our 

assumptions relative to the emotions elicited. To each of the 16 different possible 

feedbacks a 7-point Likert scale was used to assess five different feelings: pride, joy, 

shame, anger and sadness. 

2.3. Electrophysiological recording and analysis  

EEG was recorded from 59 scalp electrodes mounted in an electrode cap (EasyCap), 

following the 10/20 International System. Bipolar vertical and horizontal EOGs were 

recorded to monitor blinks and horizontal eye movements. All scalp electrodes as well 

as one electrode at the left mastoid were originally referenced to one electrode at the 

right mastoid during recording, and offline re-referenced to the average of the right and 

left mastoids. The impedance of all electrodes was kept below 5 kΩ. The EEG data was 

analyzed with Brain Vision Analyzer® software. Raw data were filtered on-line with a 

band-pass from 0.01 to 100 Hz and sampled at 250 Hz; they were digitally filtered 

offline to a 0.1-30 Hz band-pass. 

The continuous EEG was segmented into 1200-ms epochs, starting with a 

baseline of 200 ms before the feedback screen onset. Eye-movements were corrected 

using Independent Component Analysis (ICA, Makeig et al., 2000) as implemented in 

BrainVision Analyzer®. Remaining artifacts were further removed by a semi-automatic 
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rejection, eliminating epochs exceeding ± 100 µV in any of the channels and manually 

removing drifts or muscular artifacts. The minimum percentage of accepted epochs per 

condition was always 80%, with a mean of 85,55%. 

Statistical analyses were computed separately for pride and shame, as a) these 

emotions elicited activations with dissimilar time windows and b) their conditions, as 

well as their corresponding controls differed in other than the emotions of interest, such 

as joy, sadness and anger (see below). The comparisons comprised the ERP time-locked 

to pride and shame conditions feedbacks and those to their corresponding control 

condition. Considering the advantages and disadvantages of different types of analyses, 

two approaches for data analyses were applied: a) factorial cluster-based permutation 

analyses (Fields and Kuperberg, 2019; Groppe et al., 2011a,b), and b) time windows 

analyses based on visual inspection and guided by consideration of the results of the 

cluster analyses. 

 Cluster-based permutation analyses were calculated using the Factorial Mass 

Univariate Matlab® Toolbox. In agreement with the dual-time processing pattern 

observed in the ERP, and guided by previous literature (e.g., Brusini et al., 2017; 

Jiménez-Ortega et al. 2020), we considered early (0-500 ms) and late (500-900 ms) time 

segments for these analyses. Subsequently, two (one per time segment) factorial cluster-

based permutation analyses were calculated separately for each emotion (pride, shame), 

each with 10,000 iterations and alpha level of .05 involving the factor Emotion 

(Emotion –i.e., pride or shame- vs the corresponding Control condition). For the time 

windows analyses, repeated-measures analyses of variance (ANOVAs) with the SPSS 

22® software were performed. Guided by both visual inspections and cluster analyses, 

two scalp regions of interest (ROIs) and time-windows were used per emotion. For 

pride, one ROI comprised the electrodes F1, Fz, F2, FC1, FCz, FC2, C1, Cz, C2, CP1, 
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CPz and CP2, and was analyzed in the 250-350 ms window; the other ROI for pride 

comprised the electrodes F1, Fz, F2, FC1, FCz and FC2, and was analyzed in the 600-

800 ms window. For shame, one ROI comprised the electrodes AF3, AF4, F1, Fz, F2, 

FC1, FCz, and FC2, analyzed in the 330-410 ms window; the second ROI for shame 

comprised the electrodes FC1, FCz, FC2, C1, Cz, C2, CP1, CPz and CP2, and was 

analyzed in the 715-875 ms window. The main ANOVA used the mean voltage values 

of the electrodes grouped within each ROI, and involved the factor Emotion, in the 

same terms as in the cluster-based analyses. Violations of the sphericity assumption 

were corrected when necessary by the Greenhouse-Geisser method.    

 LORETA software, an algorithm based on inverse problem solution that offers 

brain activated areas from EEG neural activity (Pascual-Marqui et al., 2002), was used 

to locate the sources of the ERP fluctuations that could be estimated as specific of pride 

and shame. Only the activity that could be considered as specific of these emotions, in 

consonance with ERP analyses, was used in these computations. These were made at 

selected time windows and based on the contrast values between pride or shame and the 

corresponding control condition.   

 

3. Results 

3.1. Self-reported emotions ratings 

The ratings obtained immediately after the experiment (Table 1) showed the largest 

emotions of pride in the condition in which the participant was right and the 3 

opponents were wrong (pride condition), compared to the corresponding control 

condition (both the participant and the opponents were right). This difference was 

significant (t (31) = 6.45, p < .001) [all ps are Bonferroni-corrected]. Emotions of 

shame, sadness and anger were similarly low in both conditions, with no significant 
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difference between them (1.74 < ts (31) < 2.41, all ps > .1). Joy, in turn, was similarly 

high in both conditions, but it was not statistically significant (t(31)= 1.76, p>0.1).  

 PRIDE SHAME JOY SADNESS ANGER 

Pride 
condition 

6.22 (1.34) 1.41 (0.89) 5.84 (1.6) 1.34 (0.81) 1.089 (0.52) 

Control for 

Pride 

4.69 (1.74) 1.03 (0.17) 5.34 (1.42) 1.12 (0.33) 1.25 (0.61) 

Shame 
condition 

1.28 (0.94) 4.15 (2.08) 1.19 (0.55) 3.22 (1.71) 3.94 (1.95) 

Control for 
shame 

1.78 (1.24) 2.22 (1.47) 2.15 (1.54) 2.28 (1.44) 3.09 (1.84) 

Table 1: Ratings in a 7-point Likert scale (Mean, SD) regarding the feelings in different 

emotions as a function of feedback received 

 Regarding the wrong trials, the ratings showed larger feelings of shame in the 

condition in which the participant was wrong and the 3 opponents right (shame 

condition), compared with the corresponding control condition (both the participant and 

the opponents were wrong). This contrast was significant (t(31)= 7.42, p<.001). 

Feelings of pride and joy were similarly low in both conditions; however, even if 

slightly, they were significantly larger in the control condition (t(31)= 3, p=.05 for 

pride; t(31)= 9.87, p<.001 for joy). The values for sadness were relatively moderate in 

the two conditions, but significantly larger in the shame condition (t(31)= 3.11, p<0.05). 

Both conditions also exhibited moderate values in anger, not differing significantly 

(t(31)= 2.46, p>.1).  

3.2. Electrophysiological data: Pride  

Main results corresponding to pride are summarized in Figures 4-6. As can be seen in 

Fig. 4, the pride condition exhibited a fronto-central negativity around 300 ms and a 

long-lasting frontal positivity from around 500 to 900 ms. It can be appreciated that the 

earlier negativity exhibited a progressive amplitude increase, from the control to the 

pride condition, as an inverse function of the number of opponents being right. The late 
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positivity, in turn, appeared as an all-or-none process, only present in the pride 

condition. The cluster-based permutation analyses (Fig. 5) in the early time window (0–

500 ms) revealed a significant cluster between 250 and 350 ms, involving up to 44 

electrodes, showing the largest F values around frontocentral and centroparietal 

electrodes. In a later time window (500–900 ms), the cluster-based permutation analysis 

revealed a significant cluster between around 600 and 900 ms involving virtually all 

electrodes, showing the largest F values around the frontal and frontocentral electrodes 

 

Figure 4. Mean average ERP fluctuations for pride conditions in a sample of 

electrodes.  
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Figure 5. Results of cluster analyses for pride in the 0-500 (left) and 500-900 (right) 

time intervals for the comparison between the pride condition and its corresponding 

control condition. From top to bottom, electrodes are displayed orderly for the left 

hemisphere, midline and the right-hemisphere. 
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Figure 6. Main results of the comparison between the pride condition and its 

corresponding control condition. Left, ERP and difference wave resulting from this 

comparison at FCz electrode. Center and Right, topographic maps of the two main 

fluctuations related to pride.  

 

The cluster-based permutation analyses complement the data in Fig. 6, where the 

topographies of the early negativity and the late positivity are represented, 

substantiating the ROIs and time-windows employed in the ANOVA analyses. These 

revealed significant differences between the pride and its corresponding control 

condition, both in the early negativity [F(1,31) = 62.9; p<.0001; ɳp2 = .67] as well as in 

the late positivity [F(1,31) = 53.4; p<.0001; ɳp2 = .633]. The progressive amplitude 

increase of the early negativity across the four conditions in which the participant was 

right seemed to justify an ANOVA analysis of this component comprising all these 

conditions. The results revealed main significant differences between conditions [F 

(3,93) = 43.819; p<0.001; ɳp2 = 0.586], all post-hoc pair-wise Bonferroni-corrected 
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comparisons being significant (-7.93 < ts (31) < 8.18, all ps < .001). Finally, neither the 

early negativity nor the late positivity correlated with the self-reported degree of pride 

felt in this condition (Spearman’s R=0.14 and -0.13, respectively; p>0.1). 

To estimate the neural source of the early negativity and late positivity related to 

pride, LORETA analyses were performed for the difference pride vs control around 

their corresponding peaks (250-350 and 600-800 ms time windows, respectively). The 

solution for the early negativity consisted of an involvement of the precuneus and the 

superior parietal regions and, with the best match at MNI coordinates X=20, y=-70, 

z=55 (Fig. 7, top). The solution for the late positivity involved the superior frontal and 

cingulate gyri, also apparently embracing the supplementary motor area (SMA), the best 

match being at MNI coordinates X=20, y=0, z=70 (Fig. 7, bottom). The solution also 

seemed to visibly involve right temporal regions.  

 

Fig. 7. Neural generators proposed by LORETA for the early negativity (top) and the 
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late positivity (bottom) obtained in the pride condition. 

3.3. Electrophysiological data: Shame  

Main results corresponding to shame are summarized in Figures 8-11. Fig. 8 shows that 

the shame condition exhibited, when compared to the corresponding control condition, a 

frontal negativity around 370 ms and a long-lasing central positivity from around 600 to 

1000 ms. The earlier negativity did not exhibit a progressive amplitude increase from 

the control to the pride condition across other conditions. Although not so remarkably 

as in pride, the late positivity appeared again as an all-or-none process, mainly present 

in the shame condition. The cluster-based permutation analyses during the early time 

segment (0–500 ms) revealed no significant cluster. Possibly, this originates in the 

tendency of this method to miss narrowly distributed effects occurring across a limited 

number of time points and electrodes (Groppe et al., 2011a); indeed, as will be noticed 

below, the ANOVA analysis was able to find significant effects within this period. 

During the late time segment (500–900 ms), the cluster-based permutation analyses 

(Fig. 9) revealed a significant cluster apparent mainly between around 700 and 900 ms 

involving up to 42 electrodes, with largest F values around frontocentral and 

centroparietal electrodes in both hemispheres, with a slight right tendency. 
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 Figure 8. Mean average ERP fluctuations for shame conditions in a sample of 

electrodes. 
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Figure 9. Main results of the comparison between the shame condition and its 

corresponding control condition. Left, ERP and difference wave resulting from this 

comparison at FCz electrode. Center and Right, topographic maps of the two main 

fluctuations related to shame.  
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Figure 10. Results of cluster analyses for shame in the 0-500 (left) and 500-900 (right) 

time intervals for the comparison between the shame condition and its corresponding 

control condition. From top to bottom, electrodes are displayed orderly for the left 

hemisphere, midline and the right-hemisphere.  

 

The data in Fig. 10, where the topographies of the early negativity and the late 

positivity are represented, are complemented by the cluster-based permutation analyses 

only for the late positivity, verifying the ROI and time-window employed in the 

ANOVA analyses for this component. The ROI and time-window used for the early 

negativity, in turn, was established solely by visual observation of the data. These 

analyses revealed significant differences between the shame and its corresponding 

control condition, both in the early negativity [F(1,31) = 6.74; p<.014; ɳp2 = .179] as 

well as in the late positivity [F(1,31) = 8.29; p<.007; ɳp2 = .211]. Neither the early 

negativity nor the late positivity correlated with the self-reported degree of shame 

(Spearman’s R=-0.03 and -0.23, respectively; p>0.1). 
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The neural sources of the early negativity and the late positivity related to shame 

were estimated using LORETA analysis for the difference shame vs control around its 

peaks -i.e., 330-410 and 715-875 ms windows, respectively-. The solution for the early 

negativity involved the superior cuneus, with the best match at MNI coordinates X=15, 

y=-100, z=15 (Fig. 11, top). The solution for the late positivity involved the superior 

parietal lobe and precuneus, with the best match at MNI coordinates X=5, y=-70, z=55 

(Fig. 11, bottom), though it seemed to extend to the cuneus. A possible secondary 

solution for this positivity involved left inferior regions, extending to frontopolar cortex. 

 

 

Fig. 11. Neural generators proposed by LORETA for the early negativity (top) and the 

late positivity (bottom) obtained in the shame condition. 

 

4. Discussion 
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Brain electrical activity was recorded while participants performed a task in social 

context, with situations seemingly prompting feelings of pride and shame. The ERP 

technique used here permits a dynamic approach to the neural processes as these unfold 

over time, contributing therefore to better describe the neural underpinnings of these 

scarcely studied social emotions. 

4.1. Prompting pride and shame in experimental environments 

A main contribution of the present study is the setting of a procedure that permits 

studying pride and shame simultaneously and in experimental environments. The 

adaptation of a task previously used to prompt social emotions such as guilt or shame 

(Leng et al. 2016; Zhu et al, 2017; Sánchez-García et al. 2019), has allowed the 

elicitation of pride and shame within the same participants and session, endorsing direct 

study and comparison of these emotions at the neural level in the same experiment. The 

feelings reported by the participants seem to indicate that the procedure was successful. 

The largest feelings of pride were reported in the pride condition, significantly larger 

than in the corresponding control condition. Other emotions (shame, sadness and anger) 

were low in either the pride or its control condition, with the exception of joy, which 

was equivalent in both conditions. In turn, the feelings exhibiting the largest values in 

the shame condition corresponded to shame, and although anger was also relatively 

high, the latter did not differ with the control condition. Sadness, which appeared also 

moderately present in the shame condition, was less rated than shame (this comparison 

was tested: t(31)= 3.1, p<0.05 after Bonferroni correction). Finally, even if shame and 

the corresponding control condition differed in pride and joy, all these values were 

always low. Overall, the comparison between shame and its control condition could 

yield relatively valid results, even if some cautions could be needed. 
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It is noticeable that the amplitude of none of the brain fluctuations obtained 

under these manipulations correlated with the self-reported feelings of either pride or 

shame. This would suggest that although our electrophysiological findings probably 

relate to processes essential to endorse these emotions, they are seemingly not reflecting 

the neural underpinnings of their hedonic component. This feature is of relevance for 

the interpretation of our results. 

4.2. Neural Mechanisms involved in pride 

The brain activity related to pride exhibited the expected dual-time pattern, consisting of 

an early negativity and a late positivity. The former, occurring around 300 ms after the 

presentation of the feedback, appeared to originate in medial parietal regions, mainly the 

precuneus. The late positivity emerged along a larger time interval, being visible 

between 600 and 900 ms and seemingly originated in medial frontal areas, seemingly 

involving the supplementary motor area (SMA) and the anterior cingulate. There is also 

a possible contribution of right temporal regions to this activity. These results 

harmonize well with previous research using neuroimaging (fMRI), in the sense of 

underscoring the involvement of medial prefrontal and posterior regions in situations of 

pride (Zahn et al., 2009; Simon-Thomas et al., 2012; Roth et al., 2014). The present 

findings also provide evidence on the differential involvement of anterior and posterior 

medial areas underlying pride across time. The first and early involvement of the medial 

parietal cortex appeared relevant to bear evaluative processes on the degree of 

individual success, as compared to the other 3 opponents. The amplitude of the early 

negativity to trials in which the participant was right increased stepwise as a function of 

the number of opponents being wrong. Among other processes, the medial parietal 

cortex and the precuneus have been traditionally linked to self-referential processing, 

particularly in situations in which one is compared to other people (e.g., Northoff et al., 
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2006; Qin & Northoff, 2011; Davey et al., 2016; Lou et al., 2004). It appears plausible, 

therefore, that this fluctuation is reflecting social comparison processes determining the 

degree of exceptionality of own performance in successful trials. 

 As a consequence of the computations reflected in the early negativity, the late 

positivity would emerge uniquely in conditions in which the outcome implied that 

oneself is the only right in the group. This situation was self-reported as maximally 

granting feelings of pride. The areas presumably contributing to this effect -medial 

frontal and right temporal regions- have all been involved in pride (Roth et al., 2014; 

Hong et al., 2019) and appear related to appraisals of social meaning and theory of mind 

(Takahasi, 2008; Schurz et al., 2014). This is compatible with the possibility that the 

late positivity reflects at least part of the processes underlying the emotion of pride. This 

interpretation, however, seems not straightforward, considering that a) pride was also 

appreciable in the control condition, even if with lower values than in the pride 

condition, while the late positivity was an all-or-none process, and b) its amplitude did 

not correlate with the reported feelings of pride, as commented above. It might be, 

accordingly, that the later modulation is rather reflecting the verification of the 

singularity of a successful trial. The fact that the SMA, which appeared to contribute to 

this effect, has been proposed as critical in the evaluation of the outcomes of proper 

actions (Bonini et al. 2014) seems consistent with this possibility. Further, considering 

that other brain regions associated with theory of mind and social meaning also 

importantly contributed to this late positivity, this verification would be in social terms. 

Finally, it appears plausible that thereafter, and as an outcome of these processes, other, 

more basic emotion-related subcortical regions -such as the amygdala or the ventral 

striatum- become involved, this underlying the feelings of pride. However, these 

regions are not accessible through the ERP technique used here. 
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4.3. Neural mechanisms involved in shame 

A dual-time pattern consisting of an early negativity and a late positivity was also found 

for shame. The early negativity was not supported by the cluster-based permutation 

analysis, though standard ANOVA analyses yielded significant results. This fluctuation 

occurred around 370 ms after feedback presentation, and seemed originated in the 

cuneus. Interestingly, Zahn et al. (2014) reported that individuals with reduced volumes 

of the cuneus and the precuneus are more pride-prone, probably in consonance with the 

fact that shame and pride are categorically opposed emotions. The cuneus has been 

involved in mental imagery in social situations, as compared to when the same 

situations are imagined as occurring alone (Mochizuki et al., 2014). Overall, our results 

suggest that mental imagery of the social situation might be a critical process emerging 

soon in conditions engendering shame.  

  The late positivity related to shame was again a long-lasting activity, starting 

about 700 ms and visible until the end of the epoch. This fluctuation was apparently 

originated in the superior parietal lobe and the precuneus, also involving the cuneus and, 

secondarily, left inferior frontal regions, including the frontopolar cortex. Interestingly, 

the main involved regions were those seemingly originating the early positivity linked 

to pride. It is tempting to reason, given its opposite electrical polarity, that it might be 

reflecting contrary processes to those reflected in the early negativity for pride, i.e., 

operations determining the degree of exceptionality of own performance, in this case in 

wrong trials, necessary to achieve feelings of shame. Though conceivable, this 

interpretation is nevertheless not clear-cut, since an ERP positivity is not necessarily the 

opposite of a negativity (Luck, 2005; Lopes da Silva & Niedermeyer, 2005). Moreover, 

this late positivity for shame and the early negativity for pride also differ in timing, 

duration and voltage topography. Actually, the late positivity for shame also seemed to 
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engage the cuneus, already involved alongside the earlier component, while a secondary 

contribution appeared in the left inferior frontal regions, which have been related to 

emotion recognition in social perception (Keuken et al., 2011), as well as the 

frontopolar cortex , which appears involved in social scenarios linked to guilt, pity, 

embarrassment and empathy (Moll et al.,  2005, 2007; Whittle et al, 2016) and in 

inferring the emotional states of others (Amodio and Frith, 2006). Considering that its 

amplitude did not correlate with the reported feelings of shame, it can be speculated that 

this fluctuation might reflect late assessment processes of the social episode presumably 

necessary for triggering feelings of shame, the latter probably involving subcortical 

neural structures not accessible through the ERP technique. 

4.4. Limitations of the present study 

The main limitations of the present study are intrinsic to the ERP technique. On the one 

hand, some portions of the brain, particularly those subcortically situated and possibly 

underlying primary basic emotional areas, are not accessible to this methodology. Our 

results, therefore, outline only part of the brain structures involved in pride and shame, 

and must be considered as complementing data obtained with other neuroimaging 

technologies. On the other hand, the areas defined here have to be approached as most 

plausible candidates, i.e., the result of computations based on algorithms that attempt to 

overcome the inverse problem (Pascual-Marqui et al., 2002). Nonetheless, the areas 

defined here largely harmonize with extant literature on pride and shame using 

methodologies with better spatial resolution, while the present data provide outstanding 

temporal resolution.  

Other limitation relates to the data concerning shame. According to self-reports, 

the comparison between shame and its corresponding control condition implies 

outstanding differences in shame, but other emotions can also be present, even if to a 
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reduced degree. This contrasts with the more straightforward results for pride. 

Moreover, the early negativity for shame was not supported by the more conservative 

cluster-based permutation analysis. Further research is needed to elucidate the validity 

of our inferences and conclusions on this emotion. Alternatively, it is possible that a 

larger sample than the used here (n=32) could have aided in clarifying these points. 

Nevertheless, our sample size can be considered relative large and comparable to most 

of the literature in the topic, while all of our results in the ANOVA comparisons were 

robust enough as to yield large –some of them exceptionally large- effect sizes (ɳp2), 

according to Cohen's (1988) guidelines. Effect size is a way of quantifying the 

difference between two means, emphasizing the size of the difference without 

confounding it with sample size (Lakens, 2013).  

Finally, a larger sample could have also turned into significant some of the 

correlations between the reported feelings of pride and shame and their corresponding 

ERP fluctuations, which yielded R values between 0.03 and 0.23. However, even if 

reaching statistical significance, these values would still remain weak or poor according 

to most standard criteria (e.g., Dancey & Reidy, 2007). Indeed, the amount of shared 

variance would always be below 6%, in line with our assumptions that our ERP 

modulations seem to mainly relate to cognitive processes essential to endorse these 

emotions rather than to their hedonic component.  

4.5. Concluding remarks 

Our results exhibit similarities and differences with previous literature. Some of the 

discrepancies are the consequence of using the ERP technique, while some others 

probably derive from prompting genuine feelings in laboratory conditions, at variance 

with less realistic procedures used previously. Overall, the available literature is notably 

scarce, and more research is granted. The brain regions seemingly involved in our data 
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appear concerned in computations related to social cognition and, consequently, would 

be essential for the emergence of emotions that are directly defined by the position of 

the self in relation to others. In line with Roth et al. (2014) it appears plausible that the 

hedonic facets of pride and shame actually depend on primary basic emotional areas 

(e.g., amygdala, ventral striatum), the joint work of areas involved in social cognition 

being yet essential to establish and define these emotions. The present work suggests 

that the dynamic description of structures underlying social cognition can help to clarify 

their differential involvement in pride and shame, occasionally indistinguishable when 

more static neuroimaging techniques have been used. In conclusion, in pursuit of more 

accurate neural models of social emotions, more research is needed, and this should 

proceed integrating different available techniques.  
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