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Previous studies have shown that temporal self-construal priming can modulate the empathic neural responses to others’ pain. However, little is known about the influences of the dispositional self-construal on empathic neural responses to others’ pain. The present study aimed to investigate neural correlates that underlie the modulation effect of dispositional self-construal on perception of others’ pain. Event-related potentials were recorded for pictures depicting the hands of strangers in painful or no-painful situations while subjects performed a pain judgment task. The regression analysis on behavioral data showed that the level of interdependent self-construal could positively predict behavioral ratings of perceived pain, but not the self-unpleasantness. The ERP results showed painful stimuli elicited decreased N2 amplitudes and larger P3 amplitudes than those by no-painful stimuli. Moreover, the level of interdependent self-construal (interdependence minus independence scores) could predict the amplitude differences on the P3 component (painful minus neutral stimulus conditions), but not the N2 component: the higher the level of the interdependent self-construal, the larger amplitude differences of P3 to painful stimuli (vs. no-painful stimuli). These findings extended previous studies by showing a clear modulation effect of the dispositional self-construal on empathic neural responses to others’ pain, and that this modulation effect occurred at the late cognitive evaluation stage indexed by the P3 component.
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INTRODUCTION

Pain empathy refers to the capacity to understand and share others’ pain, as well as the corresponding affective-motivational reactions, which plays an important role in social communication and human interactions (Decety and Jackson, 2004). Previous neurocognitive studies have found that empathic neural responses to others’ pain could be modulated by both the dispositional and situational factors. The dispositional factors mainly refer to the empathizer’s inherent and stable characteristics such as personality characteristics, gender, and age (Han et al., 2008; Chiao et al., 2009; Mella et al., 2012), whereas the situational factors refer to the context in which the empathy takes place, such as the characteristics of the observed target who is in pain or the relationship between the target and the empathizer (Fan and Han, 2008; Cui et al., 2016). For example, it has been found that the level of social dominance orientation (SDO), a personality trait, had a significant negative correlation with responses to perceived pain in others within the left anterior insula and anterior cingulate cortex that are related to empathy for others’ pain (Chiao et al., 2009). An event-related potential (ERP) study showed that larger N2 amplitudes were elicited by painful than no-painful stimuli when the observed target was a moral or neutral one, whereas no such effect was found for the immoral one. Moreover, empathic neural responses to perceived pain were stronger to members of ingroup than to those of outgroup (Xu et al., 2009; Mathur et al., 2010; Sessa et al., 2014a).

Taken together, these findings indicate that empathic neural responses are modulated not only by what the pain-perceiver and target person are but also by the relationship between pain-perceiver and target person. Nevertheless, the relationship between the pain-perceiver and the target person is not static and actually depends on how the perceiver views and values this relationship. Self-construal is a construct, which refers to how people view themselves and their relation to others and the social environment (Cross et al., 2011). According to Markus and Kitayama (1991), people from individualistic cultures tend to perceive themselves as autonomous and independent from others (an independent self-construal), making them likely focus on uniqueness and self-interest; in contrast, people from collectivistic cultures define themselves as connected and interdependent with others (an interdependent self-construal), making them likely emphasize social harmony and others’ feeling and attitudes (Markus and Kitayama, 1991). In addition, although collectivist culture emphasizes harmony and cooperation, it has been found that people in collectivist culture are more alert to group members than those in individualistic culture (Liu et al., 2019). Moreover, it has been suggested that both the independent and interdependent self-construals exist in all cultures (Singelis, 1994; Oyserman et al., 2002; Sui et al., 2013). The present study aimed to investigate whether and how self-construal modulated neural correlates of pain perception in people from East Asian culture.

Previous ERP and neuroimage studies have shown that temporary shifts in self-construal can modulate the neural activities underlying various cognitive processes such as visual attention, pain perception, self-other processing, and motor-related processing (Sui and Han, 2007; Lin and Han, 2009; Harada et al., 2010; Obhi et al., 2011; Sui et al., 2013; Wang et al., 2014). More recently, Jiang et al. (2014) used ERPs to investigate the influences of self-construal priming on empathic neural responses to others’ pain both in the Chinese and Westerners and found that the amplitude differences to painful pictures (vs. no-painful pictures) were decreased under interdependent self-construal priming among the Chinese and under independent self-construal priming among Westerners during 232–332 ms (Jiang et al., 2014). A recent fMRI study showed that the interdependent self-construal priming increased neural activities in the mid-cingulate cortex (MCC), left insula, and supplementary motor area (SMA) when viewing racial ingroup compared with out-group members in pain. In contrast, the racial in-group bias in neural responses to others’ pain in the MCC, left insula, and SMA was eliminated by priming independent self-construal (Wang et al., 2015).

These studies suggested that empathic neural responses to others’ pain could be modulated by temporary activation of self-construal through a situational prime. However, unlike the temporary situational self-construal, the dispositional self-construal is a stable trait, the formation of which is influenced by long-term cultural experiences (Sui et al., 2013). Moreover, it was suggested that the self-construal priming tasks might induce or activate other dimensions of culture that are unrelated to self-construal (Cross et al., 2011). Thus, the present study directly measured the dispositional self-construal by the self-construal scale (SCS; Singelis, 1994) and investigated its relation to neural activity underlying the perception of others’ pain using ERPs.

It has been found that the ERP waves elicited by painful vs. no-painful stimulation diverged from the early stage (the N1 and P2 components) to the later stage (the N2 and P3 components) (Fan and Han, 2008; Decety et al., 2010; Sessa et al., 2014a,b). The N1 and P2 responses to perceived pain reflect an early automatic process of empathy for pain (Fan and Han, 2008; Decety et al., 2010), while the P3 component is known to reveal a late, top-down controlled process involved in cognitive evaluation of pain. The N2 component, a temporal stage where information processing occurs between automatic and controlled phases, is thought to reflect the attention-orienting response to emotionally salient stimuli (Nagy et al., 2003; Carretié et al., 2004). It has been found that temporary situational self-construal could modulate the intermediate component of empathy indexed by the N2 component rather than the later controlled component of empathy indexed by the P3 component (Jiang et al., 2014). The present study further aimed to determine whether the modulation effects of dispositional self-construal on neural empathic responses to perceived pain occurred on the early automatic empathic stage, the later attention orienting stage, or the late cognitive evaluation stage. We expected that the levels of dispositional self-construal would be correlated with average amplitudes of the early N1 and P2, intermediate N2, or late P3 components.



MATERIALS AND METHODS


Participants

Thirty Chinese college students (16 males; aged between 17 and 24 years, mean age: 19 ± 2.3 years) participated in this study as paid volunteers. A posteriori statistical power analysis via G∗power was conducted (Faul et al., 2009), and confirmed that our sample size was large enough to obtain high statistical power (observed power = 0.8, at an alpha of 0.05). All had normal or corrected-to-normal vision and were free from any neurological dysfunctions. Informed consent was obtained prior to the study, and payment was given after experiment. The study was approved by the Ethics Committee of Hunan Normal University.



Materials

The stimuli used in this experiment were 40 colorful pictures depicting the hands of strangers in painful or neutral situations, which have been used in previous studies (Gu and Han, 2007; Fan and Han, 2008). Twenty painful pictures illustrated situations that could happen in everyday life such as a hand trapped in a door or cut by scissors. Each painful picture corresponded to a no-painful picture that showed a similar context, yet without nociceptive component. The mean luminances of painful (19.2 Cd/m2) and no-painful (18.76 Cd/m2) picture were matched, t(38) = 0.024, p = 0.88. The stimuli were presented in the center of a gray background of a 21-inch color monitor, all of which was 7 cm × 5.5 cm (width × height), and subtended a visual angle of 4° × 3.15° at a viewing distance of 100 cm.



Experimental Task and Procedure

Each trial began with a fixation cross at the center of the screen for 200 ms, which was followed by a blank interval that varied randomly from 800 to 1600 ms. Subsequently, the picture was presented lasting for 1000 ms. Participants were instructed to judge each picture as painful or no-painful by their left or right index finger. The assignment of the left or right index finger to the painful and no-painful stimuli was counterbalanced across participants. After the picture disappeared, there was an interval of 1000 ms before the onset of the next trial (see Figure 1). The entire experiment consisted of four blocks of 160 trials (each picture was presented one time in a random order in each block).
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FIGURE 1. Illustration of the temporal sequence of an individual trial.


After the electroencephalography (EEG) recording session, participants were instructed to evaluate the intensity of pain supposedly felt by the model of each picture as well as the degree of their own unpleasantness when they saw each picture. The evaluations were measured using a 6-point scale (from 1 to 6, representing no pain to extremely painful or no unpleasantness to extremely unpleasant) with the Face Pain Scale-Revised (FPS-R) adapted from the Faces Pain Scale (Bieri et al., 1990), which consisted six facial expressions varying from neutral to extremely painful or unpleasant.

At the end, participants completed the 24-item SCS on a seven-point Likert scale (1 = strongly disagree, 7 = strongly agree) so as to evaluate their interdependence and independence of self-construal (Singelis, 1994). Participants’ self-construal index was calculated by subtracting the sum score of independent items from that of interdependent items (Chiao et al., 2010b). Higher scores reflect a greater degree of interdependence orientation.



Electrophysiological Recording and Analysis

The EEG was continuously recorded from 64 scalp electrodes mounted on an elastic cap (Brain Products, Germany) in conformity to the extended 10–20 system while being referenced online to the FCz electrode. Vertical and horizontal electro-oculogram (EOG) were recorded from above and below the left eye and at left and right outer canthi, respectively. The gain and dynamic range of the amplifier were 0.1 μV and ±3.28 mV, respectively. The EEG and EOG were amplified with a 0.05–100-Hz bandpass and digitized at a sampling rate of 500 Hz. Impedances of all electrodes were kept below 10 kΩ.

The electrophysiological data was processed offline using the Brain Vision Analyzer 2.1 software (Brain Products, Germany). It was first re-referenced to the average of the left and right mastoid electrode, and then corrected on the VEOG and HEOG based on the independent component analysis (ICA), high-pass filtered above 0.1 Hz and low-pass filtered below 30 Hz, epoched from 200 ms before onset of the stimulus to 1000 ms after its onset, and corrected with a baseline of mean voltage over the 200 ms pre-stimulus interval. Trials of each condition (pain and neutral) without any in which EEG voltages exceeded a threshold of ±80 μV were averaged separately followed by the baseline correction.

Previous ERP studies in the domain of pain empathy showed that both painful and no-painful stimuli elicited obvious N1 component between approximately 90 and 130 ms, P2 component between approximately 140 and 200 ms, N2 component between approximately 200 and 280 ms over the frontal-central regions, and P3 component after 380 ms over the central–parietal regions (Fan and Han, 2008; Han et al., 2008; Decety et al., 2010; Ibáñez et al., 2011). Thus, according to previous studies and the observation on the present ERP waveforms, and in order to investigate the pain × electrode interaction, the average amplitudes at 80–120 ms (N1), 140–190 ms (P2), 200–300 ms (N2), and 300–600 ms (P3) were observed at frontal (F3, Fz, F4), fronto-central (FC3, FCz, FC4), central (C3, Cz, C4), centro-parietal (CP3, CPz, CP4), and parietal (P3, Pz, P4) electrodes. Moreover, in order to investigate the detailed time-course of cognitive processing, the averaged amplitudes in each 100-ms interval of the 300–600-ms time window were measured for the P3 component.

A two-way repeated measures analysis of variance (ANOVA) was conducted on the mean amplitudes of the P2 and N2 components, with the pain (two levels: painful, no-painful) and electrode (five levels: frontal, fronto-central, central, centro-parietal, and parietal regions) as within-subject factors. Moreover, in order to investigate the timing features of the P3 component, we added timing (3 levels: 300–400, 400–500, 500–600 ms) as another factor and thus a three-way repeated-measures ANOVA was conducted on the mean amplitudes of the P3 component. Both accuracy and reaction time were subject to a paired-samples t-test. The p-values of all analyses were corrected according to Greenhouse–Geisser if violation of sphericity existed. Partial eta-squared ([image: image]) was reported to illustrate the effect size of the analysis of variance (ANOVA). False discovery rate (FDR) correction was applied for multiple comparisons.



RESULTS


Behavioral Results

The results showed that response accuracy between painful and no-painful condition did not show significant difference [t(29) = −1.94, p > 0.05]. Yet participants responded faster to neutral than to painful stimuli [t(29) = 6.46, p < 0.001]. In addition, both the degree of perceived pain and self-unpleasantness were higher in painful than in no-painful stimulus conditions (p < 0.001).

Moreover, we conducted a regression analysis to examine the relationship between the level of interdependent self-construal (interdependence minus independence scores) and rating scores of perceived pain and self-unpleasantness (painful minus no-painful stimulus conditions). The mean score for interdependent self-construal (interdependence minus independence scores) was 8.27 (±11.41 SD). The rating scores of perceived pain for painful and no-painful stimuli were 4.44 (±0.98 SD) and 1.13 (±0.24 SD), respectively. The rating scores of self-unpleasantness for painful and no-painful stimuli were 3.99 (±1.01 SD) and 1.12 (±0.21 SD), respectively. A linear regression revealed a significant effect of the interdependence on perceived pain [R2 = 0.2, t(28) = 2.63, FDR-corrected p = 0.049, see Figure 2A], but not on self-unpleasantness [R2 = 0.07, t(28) = 1.49, FDR-corrected p = 0.26].
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FIGURE 2. (A) Scatter plot with correlation analysis between the self-construal scores (interdependence minus independence) and subjective ratings of perceived pain (painful minus no-painful stimuli), (B) Scatter plot with correlation analysis between the self-construal scores (interdependence minus independence) and the differential P300 amplitude at 400–500 ms (painful minus no-painful).




ERP Results

The ANOVA for mean amplitudes of N1 and P2 showed no significant main effect of pain or interaction effect between pain and electrode (see Table 1).


TABLE 1. Summary of results of ANOVAs for the Nl, P2, N2, 300–400, 400–500, and 500–600 ms time windows.

[image: Table 1]The N2 component during 200–300 ms showed a significant main effect of pain, such that a decreased N2 amplitude was elicited by painful than no-painful stimuli [F(1,29) = 9.99, p = 0.004, [image: image]] (see Figure 3). Moreover, the interaction between pain and electrode was significant [F(4,116) = 10.08, p < 0.001, [image: image]]. The pain effect, obtained by subtracting the no-painful from painful conditions, was larger over the frontal than other electrodes (p < 0.05).
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FIGURE 3. Averaged ERPs at Fz, FCz, Cz, and CPz to painful (red lines) and no-painful (green lines) stimuli, and topographical maps of voltage amplitudes for painful minus no-painful stimuli difference at the N2 and P3 components.


The three-way repeated measures ANOVA on mean P3 amplitudes showed a significant three-way interaction amongst pain, electrode and timing [F(8,232) = 11.63, p < 0.001, [image: image]]. In order to disentangle the three-way interaction, we tested significances of main effects of pain and electrode, as well as their interaction effect in each of the three time windows. There was a main effect of pain on mean P3 amplitudes observed during 300–400 ms [F(1,29) = 59.43, p < 0.001, [image: image]], 400–500 ms [F(1,29) = 96.09, p < 0.001, [image: image]], and 500–600 ms [F(1,29) = 56.34, p < 0.001, [image: image]] (see Figure 3), with larger P3 amplitudes elicited by painful than no-painful stimuli. Moreover, a significant interaction effect between pain and electrode was observed during 300–400 ms [F(4,116) = 8.16, p = 0.001, [image: image]], with larger pain effect, obtained by subtracting the no-painful from painful conditions, observed over frontal and fronto-central than other electrodes (p < 0.05). However, no such interaction effects were observed during 400–500 and 500–600 ms (see Table 1).

In order to examine whether the level of dispositional self-construal could modulate the neural empathic responses to pain, we conducted a regression analysis, with the level of interdependent self-construal (interdependence minus independence scores) as the independent variable, and the N2 and P3 amplitude differences (painful minus no-painful stimulus conditions) as the dependent variables. As the pain effects were more obvious over frontal electrodes during the N2 period and 300–400 ms, mean amplitude differences averaged across these electrodes were used for the regression analysis. As for the 400–500- and 500–600-ms intervals, mean amplitude differences averaged across all electrodes were used because there were no significant pain by electrode interactions effect observed during these time intervals. The linear regression revealed a significant effect of the interdependence on the amplitude difference of P3 at 400–500 ms [R2 = 0.19, t(28) = 2.6, FDR-corrected p = 0.035, see Figure 2B], but not on the amplitude differences of N2 [R2 = 0.04, t(28) = −1.12, FDR-corrected p = 0.32] and P3 at 300–400 ms [R2 = 0.03, t(28) = 0.93, FDR-corrected p = 0.36] and 500–600 ms [R2 = 0.05, t(28) = 1.2, FDR-corrected p = 0.34].



DISCUSSION

The present study examined the modulation effect of the dispositional self-construal on neural empathic responses to pain and further determined whether the modulation effect occurred during the early automatic emotional sharing stage, the later attention orienting stage, or the late cognitive evaluation stage. The findings showed that painful stimuli elicited decreased N2 amplitudes and larger P3 amplitudes than those by no-painful stimuli. Moreover, the level of interdependent self-construal positively correlated with the amplitude difference of P3, but not the N2. The behavioral data also showed that the level of interdependent self-construal could positively predict behavioral ratings of perceived pain, but not self-unpleasantness. These findings suggested that the modulation effect of the dispositional self-construal on neural empathic responses to others’ pain occurred at the later cognitive evaluation stage indexed by the P3 component.

The present study did not show differences (pain vs. non-painful) for the early N1 and P2 components, which was inconsistent with previous studies showing significant main effects of pain on the N1 or P2 components (Fan and Han, 2008; Decety et al., 2010). These inconsistencies might be due to the fact that the present study used different experimental materials and tasks from these studies. For example, the pain-related stimuli used in the present study were pictures depicting the hands of strangers in painful situations, whereas the pictures of faces in painful situations were used in Decety et al.’s (2010) study, and both pictures and cartoons of hand stimuli were used in Fan and Han’s (2008) study. In addition, the task used in the present study was a pain judgment task, whereas both pain judgment and counting tasks were used in Fan and Han’s (2008) study. Moreover, a recent meta-analysis research suggested that the early N1 component are not reliably associated with the observation of pain in others (Coll, 2018).

The N2 component was considered a “semiautomatic” component, reflecting the final stage of automatic attention-related neural mechanisms (Daffner et al., 2000). More specifically, the N2 was thought to reflect the attention orienting response to emotionally salient and biologically important stimuli (Nagy et al., 2003; Carretié et al., 2004). Thus, the N2 effect observed in the present study may reflect the attention orienting response to pain-related stimuli as the perception of pain is significant for survival and adaptation. Our results were consistent with previous studies showing that painful stimuli elicited decreased ERPs during 200–280 ms (N240) at the anterior frontal electrodes as compared to no-painful stimuli, and this pain effect was evident in both pain judgment and counting tasks (Fan and Han, 2008). Moreover, Jiang et al. (2014) also found that painful stimuli, as compared to no-painful stimuli, elicited decreased ERP waves during 232–332 ms named the N2 and N320 components (Jiang et al., 2014). However, the modulation effect of the dispositional self-construal on neural empathic responses to pain did not occur in this processing stage.

We also observed larger P3 amplitudes elicited by painful than no-painful stimuli. It has been widely accepted that the P3, a positive shift of ERP wave that appears approximately 300 ms after the stimulus onset, reflects multiple cognitive processes, including top-down controlled attentional processes, cognitive evaluation of stimulus meaning, and the updating of representations in working memory (Donchin and Coles, 1988; Ito et al., 1998; Polich, 2007). Pascalis et al. (1999) found that the more painful one felt, a larger P3 peak should be elicited (Pascalis et al., 1999). Pain is a warning mechanism of an organism and signals a potential threat in the environment (Williams, 2002). Thus, the larger P3 amplitudes for painful stimuli may reflect increased cognitive evaluations and attentional resources toward pain-related information. Our results were also consistent with previous ERP studies showing increased P3 amplitudes for painful than for no-painful stimuli, which reflected a later controlled process of empathy for pain (Fan and Han, 2008; Decety et al., 2010; Meng et al., 2012).

More importantly, we found a linear relationship between the level of dispositional self-construal and amplitude difference of P3; the higher their level of the interdependent self-construal, the stronger their neural empathic responses to painful stimuli. Moreover, the level of interdependent self-construal could also positively predict behavioral ratings of perceived pain, but not self-unpleasantness. It has been suggested that empathy is an outcome of emotion identification or affect sharing processes, and these two processes are independent (Coll et al., 2017). In the present study, the rating of other’s pain actually represents the emotion identification process, whereas the rating of self-unpleasantness represents the affect sharing process. Thus, the present behavioral and ERP findings both indicated that the interdependent self-construal could modulate the cognitive-evaluative component of empathy rather than the affective component. On the other hand, these findings also provide some support for Coll et al.’ (2017) view that emotion identification and affect sharing processes in pain empathy are independent.

Markus and Kitayama (1991) argued that individuals with high interdependent self-construal might be especially likely to pay attention to others and the social context of interaction, and thus resulted in elaborate cognitive representations of others and self-representations that include social contexts. Previous fMRI study found that, as compared to the general self-judgment, individuals with dispositional interdependent self-construal or primed with interdependent self-construal both showed increased activation in medial prefrontal cortex (MPFC) for the contextual self-judgment, which highlights self-representation in a social context (Chiao et al., 2010a,b). Moreover, the level of interdependent self-construal (interdependent minus independent) positively correlated with the MPFC responses to contextual self-judgments (contextual minus general) (Chiao et al., 2010b). Similarly, van Horen et al. (2008) also found that individuals with interdependent self-construal attached more importance to social goals (e.g., in harmony with others) compared to individual goals (e.g., to be ambitious) (van Horen et al., 2008). Thus, consistent with these studies, the focus on the interconnectedness and interdependence with others in individuals with higher interdependent self-construal might also contribute to enhanced behavioral and neural empathic responses to others’ pain. In addition, it has been suggested that individuals with interdependent self-construal are associated with prosocial motivation and affiliative tendencies such that individuals primed with interdependent self-construal exhibited a higher level of cooperation than those primed with independent self-construal in a social dilemma task (Utz, 2004). Moreover, Niiya and Crocker (2019) found that the indices of interdependence showed moderately positive correlations with compassionate goals. Thus, the higher sensitivity to others’ pain observed in individuals with higher interdependent self-construal might be associated with their high level of prosocial motivation, affiliative tendencies, or compassion.

In addition, some limitations of the present work should be noted. First, all participants who attended the present study are East Asians, whose interdependency is dominant (Markus and Kitayama, 1991). Thus, it remains unknown whether the modulation effect of dispositional self-construal on the neural empathic responses to others’ pain exists in the Westerners with a dominant independent self-construal. Second, the pain-related stimuli used in the present were pictures depicting the hands of strangers in painful situations. It is still unknown whether and how dispositional self-construal could modulate neural responses to faces with pain expressions or in painful situations, especially to the suffering faces of ingroup and outgroup members. These questions should be addressed in future studies.

Taken together, in accordance with previous studies demonstrating the modulation effect of temporary shifts in self-construal on the neural empathic responses to others’ pain (Jiang et al., 2014), the present study also provides evidence that the dispositional self-construal could also modulate the neural empathic responses to others’ pain. However, Jiang et al. (2014) found that temporary shifts in self-construal only modulated the ERP component of empathy indexed by the N2 and N320 components, but not the late P3 component. By contrast, the present study found that the modulation effect of dispositional self-construal on neural empathic responses occurred at the late P3 stage, but not the N2 stage. These findings indicated that the temporary shifts in self-construal and dispositional self-construal might play a different role in the neural empathic responses to others’ pain. However, it remains unknown whether the influences of temporary and dispositional self-construal on perception of others’ pain recruit same or distinct neural substrates. Future studies should unravel the neural substrates that mediate these modulation effects using high-spatial-resolution fMRI.
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