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This research examines the effect of response (in)consistency on the first mover’s anticipation and evaluation of the performance feedback in gambles. In a two-player gambling task, the participant played as the first mover while the confederate served as the second mover, who made their gambles in sequence. A more pronounced feedback-related negativity (FRN) was observed when the first mover noticed that the second mover chose a different option from him/her. An enlarged stimulus-preceding negativity (SPN) was observed when the first mover was anticipating the final feedback in this condition. Interestingly, consistent responses gave rise to a more pronounced FRN difference wave (d-FRN) during the feedback stage. Taken together, these results suggest that response discrepancy would modulate the first mover’s anticipation and evaluation of the final feedback in gambles.
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INTRODUCTION

During our social interactions with others in daily lives, we receive varied social information, such as others’ viewpoints, behaviors and so on. Social information is ubiquitous, which heavily influences one’s thinking and actions. Imagine you are visiting a popular cake store, which is promoting two kinds of blind boxes. Given the high uncertainty, it is difficult to figure out which box contains the more delicious cake. You decided to buy one of the two blind boxes and made your choice by yourself, after which you happened to learn about the choice of another customer. How would you feel if you found that his or her decision was different from yours? Would this social information of choice inconsistency influence your subsequent cognitive reactions to the decision outcome (i.e., whether your cake was yummy and to your taste)? These questions are attracting researchers’ attention but have not been fully resolved in existing literatures.

On the one hand, some previous research has examined the influence of social information on one’s behaviors and the neural mechanisms underlying one’s evaluation of such social information. It was found that when individuals find out that they provide an inconsistent choice with others, a negative signal in the brain would be generated, which would guide them to perform subsequent behaviors in a certain manner, such as showing conformity (Klucharev et al., 2009; Campbell-Meiklejohn et al., 2010; Schnuerch and Gibbons, 2014). For example, Klucharev et al. (2009) conducted a facial attractiveness judgment task, and found that when individuals find their own opinion to be different from the group’s, they would change their own rating in the direction of the group’s rating. Thus, consistent social information is generally regarded as a reward signal (Campbell-Meiklejohn et al., 2010; Zaki et al., 2011), while social information on inconsistency with others may bring about emotional and cognitive conflicts (Klucharev et al., 2011; Yu and Sun, 2013). This conflict would be processed as a negative feedback and then reflect in the magnitude of the feedback-related negativity (FRN) (Wang et al., 2019; Zheng et al., 2021). In early studies the valence effect on FRN was demonstrated mainly in studies adopting monetary rewards tasks (Gehring and Willoughby, 2002; Yeung and Sanfey, 2004; Liao et al., 2011; San Martín, 2012), with the loss condition eliciting a larger FRN than the gain condition (Yu et al., 2007; Ma et al., 2011; Wang Y. et al., 2016; Qi et al., 2018). In recent years, more and more studies found FRN to be sensitive to the inconsistency in social information. For example, in a recent study, the researchers asked two anonymous same-sex players to work on a knowledge quiz task, and found that inconsistent answers with the partner make the participants feel more uncertain about their own responses, resulting in a larger FRN (Wang et al., 2018). Similarly, Zheng et al. (2021) modified the task of Klucharev et al. (2009) by introducing the crowdfunding context and found that deviation of the individual rating from the group rating evokes a significantly more negative FRN. Given that the above findings are illuminating, most existing studies examined the (in)consistency effect by comparing one’s behavior or opinion with the whole group’s. However, whether consistency between paired individuals would produce a similar social influence needs further examination.

On the other hand, some researchers resorted to the FRN to examine whether the consistency in choices would affect the evaluative processing of decision outcomes (Yu et al., 2007; Kimura and Katayama, 2013; Fu et al., 2017; Kimura et al., 2018). For example, Kimura et al. (2018) found that consistent choices with the group in a cooperative context elicit a smaller d-FRN (FRN loss minus FRN gain) than inconsistent choices. Since all participants’ choices contribute to and determine each one’s outcome in a cooperative context, the researchers attributed this result to the diffusion of responsibility for the outcome, which makes the outcome less relevant to each participant and decreases the motivational value of the outcome. Another study reported similar results that reduced d-FRN is elicited during outcome evaluation when the participants make the same decision as others (Yu and Sun, 2013). The authors speculated that individuals would experience less negative emotion toward the loss outcome when they are consistent with the crowd. However, a contrary finding was reported by Fu et al. (2017), who explored how the participants would respond to the consistency of choice between themselves and the other player. In their study, consistent choices increase the participants’ motivational significance over the outcomes regardless of who make the choice first, as reflected in a more pronounced d-FRN. Taken together, the relationship between decision consistency and outcome evaluation has not reached a consistent conclusion, which might depend on the specific social context involved.

To sum up, decision consistency with others is a piece of important social information. Previous studies have begun to uncover the evaluation process of such social information itself (Klucharev et al., 2009; Nook and Zaki, 2015; Wang et al., 2019; Zheng et al., 2021) as well as its influence on the following outcome evaluation (Gehring and Willoughby, 2002; Yeung and Sanfey, 2004; Bellebaum et al., 2010; Foti et al., 2011; Liao et al., 2011; San Martín, 2012). Our study aims to extend this line of studies by examining the effect of decision consistency in a social context where individual decisions are compared to those of the counterpart rather than a whole group. In addition to probing its outcome evaluation consequence, we explore whether this decision consistency would influence one’s anticipation level for the outcome, which was seldomly investigated in previous studies. Anticipation for the outcome is an important cognitive process in one’s decision-making, which can be tracked by the stimulus-preceding negativity (SPN). The SPN is a typical ERP component generally observed when one is waiting for the outcome of his/her choice to be revealed (Damen and Brunia, 1987; Foti and Hajcak, 2012), whose magnitude increases steadily as the outcome approaches (Brunia et al., 2012; Foti and Hajcak, 2012; Wang et al., 2017). The SPN is widely adopted to measure one’s motivational significance toward the upcoming outcome (Damen and Brunia, 1987; Masaki et al., 2006; Brunia et al., 2011; Murphy, 2016). For instance, Meng et al. (2016) explored how the task challenge level affects participants’ anticipation for performance results. It was found that in the optimal challenge condition, the participants have stronger intrinsic motivation to win and exhibit a higher expectation for the performance feedback, resulting in a larger SPN amplitude.

To achieve our research aims, we designed a two-player gambling task, in which two participants faced the same binary choice and were asked to make the decision in turn. The first mover made the binary choice without any prior social information, while in his/her view the choice he/she had made may serve as a priori information for the second mover to make a decision. We explored the first movers’ evaluation of social information and decision outcomes by recording their electroencephalogram (EEG) data. We mainly focused on three stages, including evaluation of the other’s choice (i.e., social information), feedback anticipation and feedback evaluation. In line with prior studies, we analyzed magnitudes of the FRN, SPN and d-FRN to learn about one’s cognitive processing in these stages, respectively. We predicted that when the first movers learned that their choices were inconsistent with their counterparts’, the underlying cognitive processes would be similar to those involved when they were inconsistent with the whole group. To be specific, an enlarged FRN would be observed when the first mover noticed that the second mover chose a different option. As for the SPN in the feedback anticipation stage, we predicted that the first mover would pay more sustained anticipatory attention to feedback when previous choices were inconsistent, which would produce a more pronounced SPN. Finally, we predicted that when the first mover noticed that the second mover followed his/her choice, he/she would perceive a higher sense of responsibility for the outcome, giving rise to a significantly more pronounced d-FRN in the outcome evaluation stage.



MATERIALS AND METHODS


Participants

A total of 25 students (18 males, Mage = 22.84, SDage = 2.54) from Zhejiang University participated in our experiment. All of them reported right-handedness with corrected to normal vision. They signed informed consent before the experiment and were properly paid for their participation. EEG of three participants were not fully recorded due to equipment malfunction. Another three participants’ EEG data were excluded because of too many artifacts. Finally, data of 19 participants were included in the analysis. This study was approved by the Ethics Commitment of Neuromanagement Laboratory at Zhejiang University.



Materials and Procedure

There were two players in our experiment, namely the first mover and the second mover. In each trial, the players were first told to choose between two red packets presented on the left and right side of the screen. One of the red packets contained ￥50, and the other one contained ￥0. The first mover had the priority to choose one of the two red packets first. It is worth pointing out that while the first mover was granted the authority to make a choice ahead of the counterpart, the second mover could freely select either of the two red packets, even if it had been chosen by the first mover. In our study, two participants took part in the experiment at the same time and were told that their roles in the task were randomly determined by drawing lots according to the cover story. In fact, one of the participants was played by an experiment assistant, while the real participants whose EEG were recorded always played the role of first mover.

The experiment consisted of 3 blocks with a total of 140 trials. Each trial was divided into four stages, including choice, choice evaluation, feedback anticipation, and feedback evaluation (see Figure 1). The choice stage started with a fixation (800 ms) at the center of the screen, and then two red packets appeared on the left and right sides of the screen. The first mover (i.e., the real participant) was instructed to choose one of the two red packets at his/her pace by pressing 1 or 3 on the keyboard correspondingly. After the participant pressed a button, the chosen option would be highlighted by showing a triangle under the selected red packet. Then, the participant waited for the second mover to make a decision. The mean waiting time was programed to be 1,000 ms. Once the second mover finished selection, choices of both players were presented for 1,200 ms (i.e., the choice evaluation stage). Depending on whether the choices were consistent with each other, the trial fell into either the consistent or inconsistent choice condition. Then it came to the feedback anticipation stage, at which the participant should wait for 2,000 ms before the feedback outcome was revealed. Finally, both red packets were opened and outcomes were shown to the participants for 1,200 ms. Four kinds of feedback outcomes for the choice combinations of the two players (consistent/gain, inconsistent/gain, consistent/non-gain, inconsistent/non-gain) were provided at this feedback evaluation stage. The number of trials in these conditions was kept the same and the trials were randomly presented to the participants. The experimental task was prepared by the E-Prime 2.0 software package (Psychology Software Tools, Pittsburgh, PA, United States).
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FIGURE 1. Timeline of a typical trial in the gambling task.


All participants were comfortably seated in a dimly lit, sound-attenuated, and electrically shielded room. Before the formal experiment, participants were asked to read the instructions and to complete five exercise trials to familiarize with the task procedure. The participants were informed that both players would be paid ￥35 for their participation, and three trials would be randomly selected. Their extra payoff would be calculated on a 1/10 scale based on their own outcomes in these three trials.



Electroencephalogram Data Acquisition

We used the Neuroscan Synamp2 Amplifier (Scan 4.5, Neurosoft Labs, Inc., Sterling, VA, United States) with a cap of 64 scalp sites to record the EEG data (bandpass 0.05–70 Hz, sampling rate at 500 Hz). The electrode on the cephalic region was set as ground, and the left mastoid was set as an online reference. Besides, we recorded the horizontal Electrooculogram (EOG) by placing the electrodes at the left and right orbital rim, and the vertical EOG by placing the electrodes above and below the left eye. In addition, during the whole experiment, electrode impedance was maintained below 5 kΩ.



Electroencephalogram Data Analyses

We pre-processed raw EEG data offline with Scan 4.5 and EEGLAB (Delorme and Makeig, 2004). Firstly, we re-referenced the EEG data to the average of the left and the right mastoids, filtered them with a 30 Hz low-pass filter (24 dB/Octave), and corrected the ocular artifacts. In addition, we excluded the epochs containing an amplifier clipping, bursts of electromyography activity, or an extreme amplitude (which exceeds ± 80 μV).

We were interested in how the first mover would evaluate the social information (the second mover’s choice), and then anticipate and evaluate the feedback of his/her choice. At choice evaluation and feedback evaluation stages, we focused on the FRN. EEG were segmented into epochs of 1200 ms, which lasted from 200 ms before the choice (or feedback) onset to 1,000 ms after their onset, with the first 200 ms serving as the baseline. Additionally, we averaged the EEGs by consistency (consistent vs. inconsistent) for choice evaluation, and by consistency × feedback (consistent/gain, inconsistent/gain, consistent/non-gain, and inconsistent/non-gain) for feedback evaluation. At the feedback anticipation stage, we focused on the SPN. EEG were segmented into epochs of 2,200 ms, which lasted from 2,200 ms before the onset of feedback to its onset, with the first 200 ms serving as the baseline. Similarly, we averaged the EEGs by choice consistency (consistent vs. inconsistent) for feedback anticipation.

As shown in Figures 2, 3, a frontal-distributed FRN-like component was observed both after choice and feedback presentations. The typical FRN appears at the frontal-central area and begins at about 200 ms after the outcome stimuli (Gehring and Willoughby, 2002; Zhou et al., 2010; Chen et al., 2012; Wang L. et al., 2016; Zheng et al., 2021). Therefore, the FRN during 250 ms to 350 ms at the fronto-central area (F1, Fz, F2, FC1, FCz, and FC2) was chosen for analyses of choice and feedback evaluations. Besides, as shown in the topographical map of Figure 4 and according to previous studies (Meng and Ma, 2015; Wang et al., 2018), we chose the SPN during −300 ms to feedback onset at the fronto-central region (F1, Fz, F2, FC1, FCz, and FC2) for the analysis of feedback anticipation.
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FIGURE 2. Amplitude of feedback-related negativity (FRN) at the choice evaluation stage for consistent vs. inconsistent conditions. The scalp topographic distribution of the FRN is provided.
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FIGURE 3. Amplitude of feedback-related negativity (FRN) at the feedback evaluation stage for consistency (consistent vs. inconsistent) and outcome valence (gain vs. non-gain) conditions. The scalp topographic distribution of the FRN is provided.
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FIGURE 4. Amplitude of stimulus-preceding negativity (SPN) at the feedback anticipation stage for consistent vs. inconsistent conditions. The scalp topographic distribution of the SPN is provided.


Finally, the within-participant repeated measures ANOVA on the mean amplitudes of FRN (in the choice evaluation stage) and d-FRN with (consistency: consistent, inconsistent) × (electrodes: F1, Fz, F2, FC1, FCz, and FC2), FRN with (consistency: consistent, inconsistent) × (feedback valence: gain, non-gain) × (electrodes: F1, Fz, F2, FC1, FCz, and FC2), and SPN with (consistency: consistent, inconsistent) × (electrodes: F1, Fz, F2, FC1, FCz, and FC2) were conducted. Greenhouse–Geisser correction was applied when necessary.




RESULTS


Feedback-Related Negativity at the Choice Evaluation Stage

During the choice evaluation stage, the ANOVA results showed that the main effect of consistency was significant [F(1,18) = 11.782, p = 0.003, η2 = 0.396]. When the first movers noticed that the second movers chose the inconsistent option with them, a more negative FRN amplitude was elicited (Minconsistent = 4.693 μV < Mconsistent = 6.417 μV). Besides, the main effect of electrode was significant [F(5,90) = 3.846, p = 0.026, η2 = 0.176], while the interaction effect of consistent × electrode was not significant [F(5,90) = 0.120, p = 0.923, η2 = 0.007].



Stimulus-Preceding Negativity at the Feedback Anticipation Stage

During the feedback anticipation stage, the ANOVA results showed that the main effect of consistency was significant [F(1,18) = 18.232, p < 0.001, η2 = 0.503]. The SPN amplitude following inconsistent choices was more negative than that in the consistent choice condition (Minconsistent = −1.619 μV < Mconsistent = −0.816 μV). Besides, the main effect of electrode was significant [F(5,90) = 3.840, p = 0.018, η2 = 0.176], while the interaction effect of consistency × electrode was not [F(5,90) = 1.731, p = 0.170, η2 = 0.088].



Feedback-Related Negativity at the Feedback Evaluation Stage

During the feedback evaluation stage, the ANOVA results showed that the main effect of consistency was marginally significant [F(1,18) = 4.193, p = 0.055, η2 = 0.189] and the main effect of feedback valence was significant [F(1,18) = 10.956, p = 0.004, η2 = 0.378]. The loss feedback elicited a more negative FRN amplitude (Mgain = 5.940 μV > Mloss = 4.607 μV). Besides, the interaction effect of consistency and feedback valence was significant [F(1,18) = 4.475, p = 0.049, η2 = 0.199]. However, the main effect of electrode [F(5,90) = 2.597, p = 0.094, η2 = 0.126], the interaction effect of consistency × electrode [F(5,90) = 0.748, p = 0.494, η2 = 0.040], feedback × electrode [F(5,90) = 1.716, p = 0.193, η2 = 0.087], and consistency × feedback × electrode [F(5,90) = 0.746, p = 0.537, η2 = 0.040] were not significant.

We conducted a follow-up simple effect analysis and found that in the consistent condition, loss feedback elicited a more negative FRN amplitude [Mgain = 5.671 μV, Mloss = 3.552 μV, F(1,18) = 20.875, p < 0.001, η2 = 0.537]. However, the effect of electrode [F(5,90) = 1.766, p = 0.187, η2 = 0.089] and the interaction effect of valence × electrode [F(5,90) = 5.590, p = 0.618, η2 = 0.032] were not significant. In the inconsistent condition, the valence effect did not reach significance [Mgain = 6.208 μV, Mloss = 5.662 μV, F(1,18) = 0.772, p = 0.391, η2 = 0.041]. Besides, the effect of electrode [F(5,90) = 3.152, p = 0.054, η2 = 0.149] and the interaction effect of valence × electrode [F(5,90) = 2.334, p = 0.088, η2 = 0.115] were not significant.

To clearly show the difference in feedback evaluation between consistent and inconsistent conditions, we conducted a 2 (consistency: consistent, inconsistent) × 6 (electrode: F1, Fz, F2, FC1, FCz, and FC2) repeated measure ANOVA on the d-FRN (FRN upon non-gains minus FRN upon gains). The results showed that the main effect of consistency was significant [F(1,18) = 4.475, p = 0.049, η2 = 0.199]. Specifically, the d-FRN was significantly more negative in the consistent condition (Mconsistent = −2.119 μV < Minconsistent = −0.546 μV). The main effect of electrode [F(5,90) = 1.716, p = 0.193, η2 = 0.087] and the interaction effect of consistency × electrode [F(5,90) = 0.746, p = 0.537, η2 = 0.040] were not significant.




DISCUSSION

In this study, we designed a dual-player gambling task in a social comparison context to probe how individuals would evaluate the social information of consistency in their decisions, and how this social information would affect the following anticipation and evaluation of the feedback of their choice. Compared with the situation in which the second mover made the same choice as the first mover, when the second mover made a different choice, the first mover exhibited a more pronounced FRN in choice evaluation, an enlarged SPN in feedback anticipation, and a less pronounced d-FRN in feedback evaluation. These results indicate that people indeed care about the other player’s decisions in a social context, and that their reactions to the outcome of their own decisions would be heavily influenced by such social information, even though their outcomes are fully independent of the others’ decisions.

At the choice evaluation stage, we found a larger FRN when the participants (the first mover) noticed that the second mover made the opposite choice, suggesting that they regarded this inconsistency in choice as a conflict. This result is in line with previous studies which reported that individuals perceive the consistent choice with others as a recognition and reward (Klucharev et al., 2009; Nook and Zaki, 2015; Wang et al., 2019). Previous studies indicated that the FRN may originate from the anterior cingulate cortex (Kiehl et al., 2000; Holroyd et al., 2004; San Martín, 2012), and distinguishes between positive and negative feedback (Holroyd and Coles, 2002; Cohen et al., 2007; Meng et al., 2021). Besides the valence of the feedback, positive and negative feedback can be defined in terms of the discrepancy between the feedback and one’s expectation. Accordingly, previous studies consistently reported that the greater extent that the feedback deviates from what one expects, the larger the conflict, and the more negative FRN amplitude is evoked (Kim et al., 2012; San Martín, 2012; Hauser et al., 2014; Qi et al., 2018; Wang et al., 2019). In previous electrophysiological studies involving social interactions, the FRN has been identified as a signal that characterizes the evaluation of social information. Specifically, when people observe that their own opinions or behaviors are different from those of others, this social information would be regarded as a negative outcome and then elicit a larger FRN (Cialdini and Goldstein, 2004; Klucharev et al., 2009; Shestakova et al., 2012; Kimura and Katayama, 2013; Wang et al., 2019; Zheng et al., 2021). Such inconsistency indicates a deviation from the social norm (Cialdini and Goldstein, 2004), and represents the loss of a potential social reward (Kim et al., 2012). To sum up, the FRN is a neural signature of prediction error, which mirrors the conflict detection of human behaviors (Gehring and Willoughby, 2002; Holroyd et al., 2002; Nieuwenhuis et al., 2004; San Martín, 2012). Our result is in line with these previous studies, revealing that the FRN could track the conflict in choice behaviors between first and second movers. While we predicted to observe the same pattern if the two players made their choices independently, we consider that the sequential decision-making design might have enhanced the conflict perception. In this study, the first mover made the choice independently, while the second mover made the choice after observing the first mover’s decision. When the second mover chose a different option with the first mover, it seemed that the second mover trusted their own beliefs more and did not rely on the prompt given by the first mover. In such a situation, the first mover might receive a more negative signal, resulting in a more significant FRN in the choice evaluation stage.

At the feedback anticipation stage, we found a more pronounced SPN when waiting for the upcoming outcome feedback after inconsistent choices had been made. According to previous studies, the SPN is an index that can reflect the extent to which people look forward to the upcoming feedback, and a larger SPN will be elicited with higher anticipation (Damen and Brunia, 1987; Masaki et al., 2006; Brunia et al., 2011; Murphy, 2016). Our result indicated that the first mover exhibited a higher level of anticipation for the following outcome when the second mover chose the opposite red packet. Previous studies have suggested this anticipation to be modulated by the motivational significance of the feedback. For instance, Wang et al. (2017) measured the SPN when the participants were waiting for their outcomes after completing the multiplication task or the addition task. The researchers found that a larger SPN was evoked after completing the multiplication task compared with the addition task, and attributed this enhanced anticipatory state to the increased motivational significance of feedback after exerting greater effort. The current study set up a gambling task in a social context, where a social comparison should naturally occur. Since nobody would like to behave worse than others, the inconsistent choice would strengthen the perceived motivational significance of the feedback (Wang et al., 2018), and thus increase the anticipatory attention to the following outcome in our study.

Our SPN result in feedback anticipation could also be explained by the uncertainty level. Prior studies have found that uncertainty would modulate subjective anticipation toward the subsequent feedback (Foti and Hajcak, 2012; Seidel et al., 2015; Novak et al., 2016), and an enhanced SPN is generally observed when participants are more uncertain about their task performance (Catena et al., 2012; Meng et al., 2016; Wang et al., 2018). For example, in a previous study the researchers found that when the participants were more confident in completing the task, they felt lower uncertainty. Thus their anticipation of the result would be weakened, which was reflected in a smaller SPN (Novak et al., 2016). In another study, two players tried to resolve several knowledge quizzes in sequence (Wang et al., 2018). The authors manipulated the participants’ uncertainty by adjusting the difficulty of the questions. The results showed that in case of high uncertainty, the first mover was more looking forward to the other’s answer, resulting in a larger SPN. In addition, when the second mover’s choice was different from that of the first mover, a larger SPN was observed when the first mover waited for the outcome. This is because in the inconsistent condition, the uncertainty of the first mover would be further amplified and the eagerness of giving correct answers becomes stronger. Our study replicated the findings of these studies to a large extent. All in all, the motivational significance and uncertainty would both be increased when the first mover saw the second mover making the opposite choice, and then higher anticipation for the upcoming feedback was induced as manifested in an enlarged SPN.

At the feedback evaluation stage, our results demonstrated a larger FRN for negative (non-reward) feedback than positive (reward) feedback, which is consistent with a vast amount of previous studies revealing the feedback valence effect on the FRN (Gehring and Willoughby, 2002; Yeung and Sanfey, 2004; Bellebaum et al., 2010; Foti et al., 2011; Liao et al., 2011; San Martín, 2012). More relevant to the scope of this study, some studies indicated social factors to dramatically modulate outcome evaluation (Leng and Zhou, 2010; Kimura and Katayama, 2016). In line with these studies, our study also found that social information, i.e., the second mover’s choice, would affect the first mover’s outcome evaluation. To be specific, in the inconsistent condition we did not find a significant difference in FRN toward gains and non-gains. However, the consistent choice between the two players gave rise to a more pronounced FRN discrepancy (d-FRN). According to the motivational significance theory of FRN, the amplitude of d-FRN reflects one’s subjective evaluation of feedback. The more people care about the feedback, the larger d-FRN would be elicited (Gehring and Willoughby, 2002; Ma et al., 2011; Meng and Ma, 2015). For example, when the outcome of a decision is more motivationally relevant to the decision-maker, a larger d-FRN would be observed (Li et al., 2010; Ma et al., 2011; Yu and Sun, 2013; Koban and Pourtois, 2014; Kimura and Katayama, 2016; Fu et al., 2017). In our study, the second mover made the decision after the first mover and could see the choice made by the first mover. Thus, the first mover might believe that the second mover’s decision was influenced by his/her own. Once a consistent choice had been made, the first mover might feel responsible for the second mover’s outcome, and then integrate their outcomes together in outcome evaluation, which increased the eagerness and significance to receive a positive outcome (Fu et al., 2017). In other words, to the first movers, observing a consistent choice means that the second mover might have followed their choice. Thus, the first movers cared more about the overall outcome of the two players and regarded it as highly motivationally significant, resulting in a larger d-FRN. This explanation gets supported by several previous studies. For example, a study found that in the lower responsibility condition, the motivational significance of feedback results was weakened, resulting in a smaller d-FRN (Li et al., 2010). Besides, Kimura and Katayama (2016) suggested that in the non-cooperative situation, participants had higher responsibility for their own payoff, and thus exhibited a significantly larger d-FRN when evaluating the feedback. In conclusion, the perceived responsibility of the first mover in the consistent choice condition resulted in higher concern about the outcome feedback and thus elicited a more pronounced d-FRN.

Our study extends the existing literature on social influence and outcome evaluation by deepening our understanding in terms of how choice inconsistency would moderate the three stages of decision making. Specifically, our study reveals the cognitive process of participants’ anticipation for the outcome, which provides further evidence for the insight that inconsistency would enlarge uncertainty and anticipation for the positive outcome and is a major contribution of this study. In addition, our results indicate that even the social information provided by a single person could yield a similar effect with that of a group, which helps enrich the theory of social influence. Practically, our findings suggest that one’s follow-up decision-making experience could be modulated by the revelation of the other player’s choice, which is illuminating for the design of the decision procedure. However, it is worth noting that in this study we neglected to collect the subjective reported data of the participants’ motivation level, which could help support our hypotheses and enhance our conclusions. Besides, our study only examined the social influence of a single person. Future researchers can extend this study and directly compare the influence of one person with that of a group.



CONCLUSION

In summary, in this study a dual-player gambling task was designed to examine how first movers would evaluate the social information regarding decision inconsistency, and how this inconsistency would influence their anticipation for and evaluation of the monetary outcome associated with the decision. The results revealed that inconsistency with the counterpart made the first mover perceive a conflict (as reflected in a more negative FRN), and had higher anticipation to learn about the outcome (as reflected in a more significant SPN). Besides, we found a larger d-FRN upon feedback in the consistent condition, indicating increased motivational significance during outcome evaluation, which might be the result of the participants’ higher responsibility perception for the outcome. Taken together, these results verify that the social information inferred by a single person’s behavior could exert similar influence on one’s cognitive processing with the social information inferred by a whole group’s behaviors. Besides, in addition to social information and outcome evaluation stages, our results show that the anticipation of outcomes is also heavily affected by the consistency in social information.



DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available from the corresponding author upon reasonable request.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the Ethics Commitment of Neuromanagement Laboratory at Zhejiang University. The participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

JZ: research conception, experiment design, data collection, data analysis, and writing the initial and final draft. LW: research project supervision, writing, and reviewing the final draft. LM: research conception, experimental design, data analysis, and writing the initial and final manuscript. All authors contributed to the article and approved the submitted version.



FUNDING

This study was funded by the Shanghai Philosophy and Social Science Planning Project (No. 2021ZGL004).



REFERENCES

Bellebaum, C., Polezzi, D., and Daum, I. (2010). It is less than you expected: the feedback-related negativity reflects violations of reward magnitude expectations. Neuropsychologia 48, 3343–3350. doi: 10.1016/j.neuropsychologia.2010.07.023

Brunia, C. H. M., Hackley, S. A., van Boxtel, G. J. M., Kotani, Y., and Ohgami, Y. (2011). Waiting to perceive: reward or punishment? Clin. Neurophysiol. 122, 858–868. doi: 10.1016/j.clinph.2010.12.039

Brunia, C. H. M., van Boxtel, G. J. M., and Böcker, K. B. E. (2012). “Negative slow waves as indices of anticipation: the bereitschaftspotential, the contingent negative variation, and the stimulus-preceding negativity,” in The Oxford Handbook of Event-Related Potential Components, eds S. J. Luck and E. S. Kappenman (Oxford: Oxford University Press). doi: 10.1016/0013-4694(88)90132-0

Campbell-Meiklejohn, D. K., Bach, D. R., Roepstorff, A., Dolan, R. J., and Frith, C. D. (2010). How the opinion of others affects our valuation of objects. Curr. Biol. 20, 1165–1170. doi: 10.1016/j.cub.2010.04.055

Catena, A., Perales, J. C., Megías, A., Cándido, A., Jara, E., and Maldonado, A. (2012). The brain network of expectancy and uncertainty processing. PLoS One 7:e40252. doi: 10.1371/journal.pone.0040252

Chen, J., Wu, Y., Tong, G., Guan, X., and Zhou, X. (2012). ERP correlates of social conformity in a line judgment task. BMC Neurosci. 13:43. doi: 10.1186/1471-2202-13-43

Cialdini, R. B., and Goldstein, N. J. (2004). Social influence: compliance and conformity. Annu. Rev. Psychol. 55, 591–621. doi: 10.1146/annurev.psych.55.090902.142015

Cohen, M. X., Elger, C. E., and Ranganath, C. (2007). Reward expectation modulates feedback-related negativity and EEG spectra. Hum. Brain Mapp. J. 35, 968–978. doi: 10.1016/j.neuroimage.2006.11.056

Damen, E. J. P., and Brunia, C. H. M. (1987). Changes in heart rate and slow brain potentials related to motor preparation and stimulus anticipation in a time estimation task. Psychophysiology 24, 700–713. doi: 10.1111/j.1469-8986.1987.tb00353.x

Delorme, A., and Makeig, S. (2004). EEGLAB: an open source toolbox for analysis of single-trial EEG dynamics including independent component analysis. J. Neurosci. Methods 134, 9–21.

Foti, D., and Hajcak, G. (2012). Genetic variation in dopamine moderates neural response during reward anticipation and delivery: evidence from event-related potentials. Psychophysiology 49, 617–626. doi: 10.1111/j.1469-8986.2011.01343.x

Foti, D., Weinberg, A., Dien, J., and Hajcak, G. (2011). Event-related potential activity in the basal ganglia differentiates rewards from nonrewards: temporospatial principal components analysis and source localization of the feedback negativity. Hum. Brain Mapp. 32, 2207–2216. doi: 10.1002/hbm.21182

Fu, Y., Luo, Y., and Cui, F. (2017). Consistency of choice modulates outcome evaluation: evidence from ERP studies. Acta Psychol. Sin. 49:1089. doi: 10.3724/sp.j.1041.2017.01089

Gehring, W. J., and Willoughby, A. R. (2002). The medial frontal cortex and the rapid processing of monetary gains and losses. Science 295, 2279–2282. doi: 10.1126/science.1066893

Hauser, T. U., Iannaccone, R., Stämpfli, P., Drechsler, R., Brandeis, D., Walitza, S., et al. (2014). The feedback-related negativity (FRN) revisited: new insights into the localization, meaning and network organization. Neuroimage 84, 159–168. doi: 10.1016/j.neuroimage.2013.08.028

Holroyd, C. B., and Coles, M. G. H. (2002). The neural basis of human error processing: reinforcement learning, dopamine, and the error-related negativity. Psychol. Rev. 109, 679–709. doi: 10.1037/0033-295X.109.4.679

Holroyd, C. B., Coles, M. G. H., Nieuwenhuis, S., Gehring, W. J., and Willoughby, A. R. (2002). Medial prefrontal cortex and error potentials. Science 296, 1610–1611. doi: 10.1126/science.296.5573.1610

Holroyd, C. B., Nieuwenhuis, S., Yeung, N., Nystrom, L., Mars, R. B., Coles, M. G. H., et al. (2004). Dorsal anterior cingulate cortex shows fMRI response to internal and external error signals. Nat. Neurosci. 7, 497–498. doi: 10.1038/nn1238

Kiehl, K. A., Liddle, P. F., and Hopfinger, J. B. (2000). Error processing and the rostral anterior cingulate: an event-related fMRI study. Psychophysiology 37, 216–223. doi: 10.1017/S0048577200990231

Kim, B. R., Liss, A., Rao, M., Singer, Z., and Compton, R. J. (2012). Social deviance activates the brain’s error-monitoring system. Cogn. Affect. Behav. Neurosci. 12, 65–73. doi: 10.3758/s13415-011-0067-5

Kimura, K., and Katayama, J. (2013). Outcome evaluations in group decision making using the majority rule: an electrophysiological study. Psychophysiology 50, 848–857. doi: 10.1111/psyp.12068

Kimura, K., and Katayama, J. (2016). Cooperative context is a determinant of the social influence on outcome evaluation: an electrophysiological study. Int. J. Psychophysiol. 100, 28–35. doi: 10.1016/j.ijpsycho.2015.12.005

Kimura, K., Sawada, H., and Katayama, J. (2018). Outcome evaluations in group decision-making using authority rule: an electrophysiological study. Neuropsychologia 119, 271–279. doi: 10.1016/j.neuropsychologia.2018.08.031

Klucharev, V., Hytönen, K., Rijpkema, M., Smidts, A., and Fernández, G. (2009). Reinforcement learning signal predicts social conformity. Neuron 61, 140–151. doi: 10.1016/j.neuron.2008.11.027

Klucharev, V., Munneke, M. A. M., and Smidts, A. (2011). Downregulation of the posterior medial frontal cortex prevents social conformity. J. Neurosci. 31, 11934–11940. doi: 10.1523/JNEUROSCI.1869-11.2011

Koban, L., and Pourtois, G. (2014). Brain systems underlying the affective and social monitoring of actions: an integrative review. Neurosci. Biobehav. Rev. 46, 71–84. doi: 10.1016/j.neubiorev.2014.02.014

Leng, Y., and Zhou, X. (2010). Modulation of the brain activity in outcome evaluation by interpersonal relationship: an ERP study. Neuropsychologia 48, 448–455. doi: 10.1016/j.neuropsychologia.2009.10.002

Li, P., Jia, S., Feng, T., Liu, Q., Suo, T., and Li, H. (2010). The influence of the diffusion of responsibility effect on outcome evaluations: electrophysiological evidence from an ERP study. Neuroimage 52, 1727–1733. doi: 10.1016/j.neuroimage.2010.04.275

Liao, Y., Gramann, K., Feng, W., Deák, G. O., and Li, H. (2011). This ought to be good: brain activity accompanying positive and negative expectations and outcomes. Psychophysiology 48, 1412–1419. doi: 10.1111/j.1469-8986.2011.01205.x

Ma, Q., Shen, Q., Xu, Q., Li, D., Shu, L., and Weber, B. (2011). Empathic responses to others’ gains and losses: an electrophysiological investigation. Neuroimage 54, 2472–2480. doi: 10.1016/j.neuroimage.2010.10.045

Masaki, H., Takeuchi, S., Gehring, W. J., Takasawa, N., and Yamazaki, K. (2006). Affective-motivational influences on feedback-related ERPs in a gambling task. Brain Res. 1105, 110–121. doi: 10.1016/j.brainres.2006.01.022

Meng, L., and Ma, Q. (2015). Live as we choose: the role of autonomy support in facilitating intrinsic motivation. Int. J. Psychophysiol. 98, 441–447. doi: 10.1016/j.ijpsycho.2015.08.009

Meng, L., Pei, G., Zhang, Y., and Jin, J. (2021). Desire for success awakens: proof of competence restoration in a non-competitive environment. Front. Neurosci. 15:698777. doi: 10.3389/fnins.2021.698777

Meng, L., Pei, G., Zheng, J., and Ma, Q. (2016). Close games versus blowouts: optimal challenge reinforces one’s intrinsic motivation to win. Int. J. Psychophysiol. 110, 102–108. doi: 10.1016/j.ijpsycho.2016.11.001

Murphy, T. I. (2016). Stimulus-preceding negativity represents a conservative response tendency response tendency. Neuroreport 27, 80–84. doi: 10.1097/WNR.0000000000000495

Nieuwenhuis, S., Holroyd, C. B., Mol, N., and Coles, M. G. H. (2004). Reinforcement-related brain potentials from medial frontal cortex: origins and functional significance. Neurosci. Biobehav. Rev. 28, 441–448. doi: 10.1016/j.neubiorev.2004.05.003

Nook, E. C., and Zaki, J. (2015). Social norms shift behavioral and neural responses to foods. J. Cogn. Neurosci. 27, 1412–1426. doi: 10.1162/jocn

Novak, B. K., Novak, K. D., Lynam, D. R., and Foti, D. (2016). Individual differences in the time course of reward processing?: stage-specific links with depression and impulsivity. Biol. Psychol. 119, 79–90. doi: 10.1016/j.biopsycho.2016.07.008

Qi, Y., Wu, H., Raiha, S., and Liu, X. (2018). Social value orientation modulates context-based social comparison preference in the outcome evaluation: an ERP study. Neuropsychologia 112, 135–144. doi: 10.1016/j.neuropsychologia.2018.02.028

San Martín, R. (2012). Event-related potential studies of outcome processing and feedback-guided learning. Front. Hum. Neurosci. 6:304. doi: 10.3389/fnhum.2012.00304

Schnuerch, R., and Gibbons, H. (2014). A review of neurocognitive mechanisms of social conformity. Soc. Psychol. 45, 466–478. doi: 10.1027/1864-9335/a000213

Seidel, E.-M., Pfabigan, D. M., Hahn, A., Sladky, R., Grahl, A., Paul, K., et al. (2015). Uncertainty during pain anticipation: the adaptive value of preparatory processes. Hum. Brain Mapp. 36, 744–755. doi: 10.1002/hbm.22661

Shestakova, A., Rieskamp, J., Tugin, S., Ossadtchi, A., Krutitskaya, J., and Klucharev, V. (2012). Electrophysiological precursors of social conformity. Soc. Cogn. Affect. Neurosci. 8, 756–763. doi: 10.1093/scan/nss064

Wang, L., Li, L., Shen, Q., Zheng, J., and Ebstein, R. P. (2019). To run with the herd or not: electrophysiological dynamics are associated with preference change in crowdfunding. Neuropsychologia 134:107232. doi: 10.1016/j.neuropsychologia.2019.107232

Wang, L., Sun, H., Li, L., and Meng, L. (2018). Hey, what is your choice? Uncertainty and inconsistency enhance subjective anticipation of upcoming information in a social context. Exp. Brain Res. 236, 2797–2810. doi: 10.1007/s00221-018-5336-x

Wang, L., Zheng, J., and Meng, L. (2017). Effort provides its own reward: endeavors reinforce subjective expectation and evaluation of task performance. Exp. Brain Res. 235, 1107–1118. doi: 10.1007/s00221-017-4873-z

Wang, L., Zheng, J., Meng, L., Lu, Q., and Ma, Q. (2016). Ingroup favoritism or the black sheep effect: perceived intentions modulate subjective responses to aggressive interactions. Neurosci. Res. 108, 46–54. doi: 10.1016/j.neures.2016.01.011

Wang, Y., Zhang, Z., Jing, Y., Valadez, E. A., and Simons, R. F. (2016). How do we trust strangers? The neural correlates of decision making and outcome evaluation of generalized trust. Soc. Cogn. Affect. Neurosci. 11, 1666–1676. doi: 10.1093/scan/nsw079

Yeung, N., and Sanfey, A. G. (2004). Independent coding of reward magnitude and valence in the human brain. J. Neurosci. 24, 6258–6264. doi: 10.1523/JNEUROSCI.4537-03.2004

Yu, R., Luo, Y., Ye, Z., and Zhou, X. (2007). Does the FRN in brain potential reflect motivational affective consequence of outcome evaluation? Prog. Nat. Sci. 17, 136–143.

Yu, R., and Sun, S. (2013). To conform or not to conform?: spontaneous conformity diminishes the sensitivity to monetary outcomes. PLoS One 8:e0064530. doi: 10.1371/journal.pone.0064530

Zaki, J., Schirmer, J., and Mitchell, J. P. (2011). Social influence modulates the neural computation of value. Psychol. Sci. 22, 894–900. doi: 10.1177/0956797611411057

Zheng, J., Hu, L., Li, L., Shen, Q., and Wang, L. (2021). Confidence modulates the conformity behavior of the investors and neural responses of social influence in crowdfunding. Front. Hum. Neurosci. 15:766908. doi: 10.3389/fnhum.2021.766908

Zhou, Z., Yu, R., and Zhou, X. (2010). To do or not to do? Action enlarges the FRN and P300 effects in outcome evaluation. Neuropsychologia 48, 3606–3613. doi: 10.1016/j.neuropsychologia.2010.08.010


Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Zheng, Wang and Meng. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OPS/images/fnins-16-948579-g004.jpg
Amplitude (uV)

A OMN

Amplitude (uV)

w

' '
N w

&5 ek

—
r

-~ o A R b

N

-2000 -1500 -1000 -500

Latency (ms)

0
Latency (ms)
FC1
4 | N A A
-2000 -1500 -1000 -500 0

Amplitude (uV)

Amplitude (uV)

Latency (ms)

-3
2 .
1}
0
1 L
2 .
3 s
4 = E SR

-2000 -1500 -1000 -500 0

Latency (ms)
FCz

-3 -
2 .
4 2 A A A

-2000 -1500 -1000 -500 0

Amplitude (uV)

A OMN

Amplitude (uV)

—
T

- O

-2000 -1§OO -1600 -560 0
Latency (ms)

FC2

-1 500 -1 (;00 -560
Latency (ms)

4
-2000

SPN(consistent)

-1.5

consistent
inconsistent

-1.5

SPN(inconsistent)






OPS/images/fnins-16-948579-g003.jpg
Amplitude (uV)

Amplitude (uV)

F1

Amplitude (uV)

FC1

— — — — — —

Amplitude (uV)

I
I
I
I
I
|
0

560 1000
Latency (ms)

&

o

(&)}

—
o

Fz

FCz

1000

I
I
I
I
I
|
0

500
Latency (ms)

1000

Amplitude (uV)

Amplitude (uV)

F2

I
I
I
I
I
|
0

FRN(consistent/gain) FRN(consistent/non-gain)

5 5
0 0
-5 -5

500
Latency (ms)
FC2

1000

consistent/gain ---- consistent/non-gain
inconsistent/gain- - - - inconsistent/non-gain

5 5
0 0
-5 -5

I
I
I
I
I
|
0

500
Latency (ms)

" FRN(inconsistent/gain)  FRN(inconsistent/non-gain)





OPS/images/fnins-16-948579-g002.jpg
Amplitude (uV)

Amplitude (uV)

F1
: ;
I
I
I
I
I
I
I
I
I .

0 500 1000
Latency (ms)
FC1
I .

I

I

I

I

|

I

I

I

! .

0 500 1000

Latency (ms)

Amplitude (uV)

Amplitude (uV)

10

Fz
: .
I
|
|
I
|
I
|
I
I .

0 500 1000
Latency (ms)
FCz
| .

I

I

|

I

|

|

I

I

! ‘

0 500 1000

Latency (ms)

Amplitude (uV)

Amplitude (uV)

10

10

F2

FRN(consistent)

Of— —— —— ——

Latency (ms)

FC2

500 1000

consistent

inconsistent

S o s o s

Latency (ms)

500 1000

FRN(inconsistent)






OPS/images/fnins-16-948579-g001.jpg
(at the first mover’s pace)

inconsistent
waiting for the other’s
choice
% \/ ~
= o
ﬁ
consistent ¥ i
Choice
(second mover ) Choice Evaluation
(~1000 ms) (1200 ms)

S v \/ S ' —

gain

5 )
non-gain

gain

\/ 0 § ﬂ
¥ ¥

._‘>
non-gain

Feedback Anticipation Feedback Evaluation
(2000 ms) (1200 ms)





OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		When the Counterpart Chooses the Opposite: The First Mover’s Anticipation and Evaluation of the Final Feedback in Gambles



		INTRODUCTION



		MATERIALS AND METHODS



		Participants



		Materials and Procedure



		Electroencephalogram Data Acquisition



		Electroencephalogram Data Analyses







		RESULTS



		Feedback-Related Negativity at the Choice Evaluation Stage



		Stimulus-Preceding Negativity at the Feedback Anticipation Stage



		Feedback-Related Negativity at the Feedback Evaluation Stage







		DISCUSSION



		CONCLUSION



		DATA AVAILABILITY STATEMENT



		ETHICS STATEMENT



		AUTHOR CONTRIBUTIONS



		FUNDING



		REFERENCES

















OPS/images/cover.jpg
’ frontiers ‘ Frontiers in Neuroscience

When the Counterpart Chooses
the Opposite: The First Mover’s
Anticipation and Evaluation

of the Final Feedback
in Gambles









OPS/images/logo.jpg
'frontiers ‘ Frontiers in Neuroscience





