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Purpose: Peer information is now commonly used in solicitation. However, scholars have long focused on testing its effectiveness on 
increasing the donation amount without paying attention to its potential negative effects on donors. Thus, the current study employs 
high vs low peer donation amount (HPDA vs LPDA) information to explore its effect on “how-much-to-donate” decisions and the 
corresponding neural and psychological reactions at the same time.
Participants and Methods: Student samples from a Chinese university and behavioral experiments with the event-related potential 
(ERP) method were used in this study.
Results: The behavioral results are consistent with previous research in which HPDA was positively associated with higher donation 
levels. ERP results show the mechanisms behind decision-making can be summarized into a cognitive approach represented by cost- 
benefit analysis and an affective approach represented by reward perception. More surprisingly, in contrast to the behavioral results, 
LPDA elicits higher level of reward perception than HPDA.
Conclusion: The results indicate that although HPDA leads to higher levels of donation, donors do not show higher levels of reward 
anticipation at the neurological level, indicating the increment of donation may come at the cost of donors. Theoretical and practical 
implications are also discussed.
Keywords: average peer donation amount, event-related potential, ERP, “how-much-to-donate” decision, online donation, solicitation

Introduction
With the rapid development of social media and information communication technology (ICT), the proliferation of online 
donation platforms has become a prominent feature of contemporary philanthropy.1 By harnessing the abundant 
information and active user base of social media, these platforms frequently utilize solicitation, like presenting the 
total amount of donations received,2 demonstrating the number of individuals who have contributed,3 and “peer to peer” 
solicitation,4 to engender greater charitable donations. Empirical evidence has consistently demonstrated the positive 
influence of solicitation on charitable giving.5–7 However, solicitation is a broad concept in the context of giving, 
encompassing any mere act of being solicited (asked) to donate.6,7 This study focuses specifically on “peer effect” in 
solicitation and examines its impact on online charitable giving.

Peer effect, sometimes referred to as peer influence or peer pressure, is considered one of the most effective sources 
of social influence,4,8,9 primarily because peer influence represents the behavior of a group that is highly similar to the 
person being influenced. Now, there are also online donation platforms (eg, Shuidichou, www.shuidichou.com) that use 
information from social platforms (eg, WeChat) to bring peer influence into the donor’s decision-make process. As one of 
the most recently published studies on the impact of peer information on donation decisions, Ye et al3 explored the effect 
of the number of donated peers on donors’ willingness to donate. However, previous literature has suggested that the 
decision to donate or not (or the intention to donate) differs from the decision on how much to donate.10–13 These studies 
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have found that higher donation amount information can lead donors to give more, while lower donation amounts can 
reduce the amount of donation in a single charitable giving. However, these studies did not consider the effect of peer 
influence and paid insufficient attention to the underlying psychological mechanisms of donors’ giving decisions, which 
limited their theoretical contribution. Thus, this research is conducted to address these research gaps. Formally, the first 
research question is as follows: How the peer donation amount information (HPDA vs LPDA) will influence donors’ 
“how-much-to-donate” decisions? And what are the underlying psychological mechanisms of this effect?

Furthermore, previous studies related to the influence of solicitation (especially “peer effect” solicitation) on 
charitable donation have mostly taken the perspective of the charitable organization, using the increase in the amount 
donated as a predominantly standard of the effectiveness of social influence, eg, Frey and Meier14 and Shang and 
Croson.10 To the author’s best knowledge, almost no research has been conducted to investigate the impact of peer 
influence on donors’ emotions and perceptions, particularly concerning the potential negative effects (eg, lowering 
perceived self-efficacy, self-esteem, and overall well-being,15–17 or even acting as a potential trigger of rumination and 
depression).18,19 However, some scholars have shown their concern about this issue,

If this type of pressure (peer pressure) (rather than providing information) shifts an individual’s giving from his or her desired 
level, certain public goods may receive more funding at the expense of others. (p926)8 

Since charitable donation should be a bilateral beneficial public service activity, this study plans to use a sample of 
college students, who are perceived as being less philanthropic20 and donate less,21 to answer Meer8’s concern. Formally, 
the second research question is: Will peer donation amount information bring donors negative emotions or perceptions?

Considering decision-making processes and the underlying psychological mechanisms are a nuanced and intrinsic 
psychological continuum, we intend to employ electroencephalography (EEG) tools with event-related potentials (ERP) 
components to better facilitate current exploration. ERP approach has a high temporal accuracy in explaining the neural 
bases of decision-making process.22 Numerous studies within the field of Decision Neuroscience have demonstrated the 
considerable utility of ERP in investigating the psychological and neural mechanisms that underlie donation decision- 
making.23,24 These findings provide a solid foundation upon which to base a study that employs ERP to explore the 
impact of peer donation amounts, specifically at two levels (low and high), on the psychological processes involved in 
determining how much to donate. Given that previous studies have also used ERP to study donation decisions,3 it is also 
a suitable choice for ensuring comparability in results and discussions.

Literature Review and Hypotheses Development
Literature Review
Previous literature has been intensively focused on exploring the motivations of donors to engage in charitable giving and 
found that factors such as awareness of needs,25 altruism,11 reputation,26 cost and benefits,27 psychological benefits,28 

etc., could explain why people donate in different contexts. However, the most relevant to our study, ie, motivations and 
psychological mechanisms of donation decisions under peer influence, are much more sparsely tested. Prior studies 
primarily tested the main effect of peer influence on donation decision (both donation intention and how much to donate) 
with little discussion of potential mediators (as an exception, see Croson, Handy and Shang29’s study). Only about three 
current studies have explored the psychological mechanisms underlying peer-influenced donation decisions.3,30,31

As mentioned above, our team's previous work studied the effect of the number of donated peers on donors’ 
willingness to donate and abstracted the peer-influenced donation decision mechanism into a dual-process approach, 
which we summarized as a cognitive approach (trust formation) and an emotional approach (reward perception).3 As 
there is a paucity of research available to inform our understanding of the cognitive and psychological mechanisms that 
underlie the effect of peer donation amounts on donors’ decisions regarding the amount to donate, it is reasonable to 
construct the psychological processes of the effect on the previous dual-processes approach and put forward new 
hypothesis through deductive reasoning.

We expect that solicitation using the amount of peer donations differs from that using the number of donated peers, 
especially in a laboratory setting. Using number of donated peers alone would lead donors to perceive underlying social 
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norms.3,14 Previous studies have argued that although the factors influencing behavioral intentions are diverse, only 
suprathreshold factors may influence decisions in actual decision-making.12 This effect is more pronounced in laboratory 
experiments, where other factors are strictly controlled.3 In this case, participants focus only on the strength of social 
norms characterized by the number of donated peers, and the perceived rewards from conforming to the norms (eg, 
satisfaction of relatedness needs, etc.), then make the ultimate willingness-to-donate decision.3 In this way, donors 
overlook the essential fact that charitable giving has a cost.

When the information presented contains only the average peer donation amount, the “cost” information is incorpo-
rated into the decision-making process. We anticipate that at this juncture, the donation decision-making process will 
shift from being primarily driven by a “reward perception” to a more balanced consideration of “costs and benefits”.32 

One possible explanation of this transformation lies in cost and benefit theory, which suggests that prosocial behaviors 
(eg, charitable giving) consume resources and that this cost is higher for groups with limited donation budgets (eg, 
college students).20,21,33,34 Naturally, donors then need to consider balancing the costs of donation with the personal and 
social benefits of donation. Additionally, we can also explain the transformation based on a self-control mechanism. 
According to the literature, self-control mainly can impact the donation decision processes in two ways: control donors 
from impulsive donation to calculated (rational) decision35,36 and control one’s selfish donation to “pure” altruism.37,38 

Since donors can perceive reward from donation,3 self-control can highlight the “cost” information and prevent donors 
from impulsive (beyond capacity) donations. In general, other than a cognitive process of truth formation, a cost and 
benefit analysis process also may exist.

Since “cost” and “benefit” are parallel in the decision-making process, we posit that the highlight of donation cost, 
should also enhance donors’ attention on reward perception. First, some previous studies discussed the distinctive effect 
of monetary and good donation information on motivational inferences.33,39,40 These studies found that information 
representing amounts was more likely to evoke marketplace norms and lead donors to engage in exchange (rather than 
altruistic) behaviors.40 Communal and exchange theory states that exchange (marketplace) norms are emphasized by 
helping others for self-interest gains, with the expectation of receiving corresponding benefits.40 Second, compared with 
number of donated peers information which needs to perceive abstract expected rewards (eg, satisfaction of relatedness 
needs, etc.) through cognitive processing,3,41 information on the peer donation amounts provides richer, more intuitive, 
and more comparable information on valence differences,42,43 such as higher or lower amounts that directly reflect 
a person’s level of contribution, corresponding to higher or lower potential reputation rewards,44–46 etc. This suggests 
that displaying information about the peer donation amount (as compared to other non-monetary information) will further 
motivate donors to act in a more self-interested manner due to their enhanced perception of the rewards they will receive 
for donating. Therefore, the previously identified emotional process of reward perception may be further strengthened.

However, while peer donation amounts information makes cost and benefit analysis more intuitive, it inevitably leads 
to automatic social comparisons. In the case of LPDA, even college students with tight donation budgets can afford to 
make corresponding or even higher gifts. Thus, downward social comparison may occur.47 Research generally agrees that 
downward social comparison may lead to positive emotional experiences (positive rewards) through the achievement of 
self-improvement, increased self-esteem, and well-being,32,47–49 etc. In contrast, HPDA tends to elicit upward social 
comparison, which can lead to both positive and negative emotional responses.50 Yet, studies have pointed out that 
unconscious upward social comparisons tend to generate negative emotions as the most natural reaction of individuals.51 

Thus, when the disclosed peer donations exceed their personal donation budgets, college donors are likely to experience 
negative emotions, including reduced perceived self-efficacy and a negative impact on their self-esteem, and overall well- 
being.15–17 In summary, in the upward social comparison situation (HPDA), it may no longer be the perception of high or 
low rewards, but the arousal of negative emotions.

Behavioral Hypothesis
As mentioned above, prior empirical evidence suggested that HPDA leads donors to give more, while LPDA reduces 
donors’ giving amounts.10,29,32,52,53 Although the behavioral hypothesis proposed in this research is consistent with 
previous findings, before formally declaring the hypothesis, we must answer an important question, especially: for 
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HPDA, why would low-income donors (college students in current study) increase their level of giving even though they 
have limited donation budgets and may even under the influence of negative emotions?

The question can be answered mainly in three ways. First, in social settings, especially in the absence of objective 
criteria, social norms will almost dominate behavioral decisions.54–56 Prior research has compared descriptive social 
norms to magnets, arguing that people will judge behavioral appropriateness by the gap between their own behavior and 
descriptive norms.57 Thus, even for donors with tight giving budgets, a strong incentive to converge toward descriptive 
social norms may remain. Second, cognitive dissonance theory suggests that people are motivated to make efforts to 
resolve cognitive conflicts when they arise in the decision-making process.58 Evidence also shows that the negative 
emotions brought by upward social comparison are associated with impulsive buying, which people may use as a way of 
de-escalating negative emotions.51 Third, as mentioned above, self-control also has the potential to prevent donors from 
sinking into selfishness and donating in an altruistic way.37,38 Information about higher peer donation amounts drives 
donors with tight donation budgets (eg, college students) to give out for purely altruistic motives.33 Despite making 
below-average donations, these donors are also modest in their demands for personal and social gain. Therefore, we 
hypothesize that:

H1: Compared with the condition of LPDA, the HPDA condition will result in donors’ larger donation amounts.

ERP Hypothesis
The proposed potential donation decision-making processes posited above suggest that the emotional process of reward 
perception, previously identified in donation contexts, is likely to persist and even intensify. Additionally, a cognitive 
process of cost-benefit analysis may emerge. To facilitate comparability with prior research,3 the present study examines 
three distinct ERP components: P2 (cue evaluation), N2 (decision conflict detection), and P3 (reward anticipation and 
incentive formation).

P2 Hypothesis
P2 is a positively oriented electrophysiological ERP component that is typically observed in the frontal region of the 
scalp and is characterized by a peak latency of approximately 200ms following the onset of stimuli.59 In general, it is 
associated with attentional processes that respond to emotional content, indicating an early automatic distribution of 
attention resources, which is then followed by the progressive recruitment of slow, elaborative, and semantic processing 
under voluntary control.22,60 Recent studies have also demonstrated that P2 is sensitive to the emotional valuation of 
potential reward cues, with higher perceived rewards typically eliciting larger P2 amplitudes than lower perceived 
rewards.3,61–63 Moreover, scholars have proposed that reward-related cognitive processing can be delineated into two 
stages, namely cue evaluation and reward anticipation, and P2 is a key index component in the cue evaluation phase.64–66 

These observations highlight the potential importance of P2 in the neural processing of decision-making involving 
rewards.

In the current study, LPDA suggests that donors can easily exceed the average donation level and reap the benefits of 
increased self-esteem, enhanced well-being, and perceived higher reputation at a lower cost.48,49 However, the opposite is 
true for HPDA. Since donors with low giving budgets are likely to fail to reach the average donation level, they feel low 
self-efficacy and low self-esteem.17,45 Thus, compared to the HPDA condition, donors in the LPDA condition will have 
higher perceived future rewards. Thus, we made a reasonable hypothesis:

H2: The LPDA condition will elicit larger P2 amplitudes than the HPDA condition.

N2 Hypothesis
Amid the burgeoning literature on electroencephalography (EEG), the N2 component has emerged as a salient point of 
interest. N2 is a negative component that peaks between 200–350ms following stimulus onset.22,67 Prior investigations 
have documented a positive correlation between the amplitude of N2 and conflict during the decision-making 
process.22,67–69 Subsequent studies, additionally, have further induced that N2 is also responsive to decisional risk, 
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with heightened perceived risk engendering increased difficulty in the decisional process and exacerbating conflict 
therein.22,70

In the current study, we posit that N2 can assist in distinguishing whether the cognitive process is dominated by trust 
formation or by cost-benefit analysis. If trust formation process still occurred in the N2 component, then HPDA condition 
representing higher peer trust and higher perceived quality of donation activities71 would elicit smaller N2 amplitudes. 
However, based on the previous reasoning, we believe a cost and benefit analysis process may emerge. At this point, the 
LPDA condition would represent lower costs and higher potential personal and social rewards,48,49 whereas the HPDA 
scenario would represent higher costs, lower benefits, and even the arousal of negative emotions (see the discussion in 
Literature Review). Therefore, the HPDA scenario will elicit greater N2 amplitudes. Formally:

H3: The LPDA condition will elicit smaller N2 amplitudes than the HPDA condition.

P3 Hypothesis
Positioned at centro-parietal recording sites, the P3 component is characterized by a positively polarized wave that 
emerges in the temporal vicinity of 300–600ms after stimulus onset.72,73 Previous scholarship has purposed that P3 
amplitude can mirror reward magnitude (ie, distinguishing large and small rewards), thereby indicating a conscious, top- 
down elaboration of the motivational significance of the outcome.3,65,74–76 In this regard, P3 may also convey affective 
processes, signaling the motivational salience of reward feedback.77 Subsequent research has shed further light on the P3 
component’s potential, demonstrating its sensitivity to positive social feedback among healthy individuals, which serves 
to underscore an encoding bias for self-affirming and desirable information.78–80

Indeed, P3 component is considered to be an important component in the reward anticipation stage,64–66 correspond-
ing to P2 but unlike P2. P3 component is more sensitive to valence differences in perceived rewards and can characterize 
motivational dispositions in cognitive processing and thus leads to final behavioral outcomes.3,65,74–77

As mentioned above, in the LPDA condition, downward social comparisons are more likely to occur because donors 
are well positioned to make donations that are consistent with or even higher than the average donation amount of their 
peers. The vast majority of prior research has demonstrated that downside social comparisons can lead to a variety of 
potential personal and social rewards such as increased self-esteem, increased self-efficacy, and reputational gains.32,47–49 

It is therefore predictable that donors in LPDA situations will perceive higher levels of prospective rewards. However, in 
the HPDA case, donors may still fall short of the average donation amount even after making additional efforts. At this 
point, the upward social comparison that occurs will result in donors feeling inferior to others, low self-efficacy, and low 
well-being.15–17,51 Therefore, in the HPDA condition, the perceived prospective rewards will be much lower than that of 
the LPDA condition. Thus, the following hypothesis was proposed:

H4: The LPDA condition will elicit larger P3 amplitudes than the HPDA condition.

Material and Methods
Subjects
To determine how many subjects are needed, we conducted a prior power analysis using G*power 3.1.81 Set an effect 
size of 0.45, a power of 0.8, and an alpha level of 0.05, the result of the power analysis estimated a sample size of 22. 
Thus, we recruited 29 native college students (16 males, 13 females, Mage = 20.31, SD = 1.491) from Ningbo University 
through SNS (eg, WeChat, QQ) and the laboratory’s subject pool. All of them were self-reported as right-handed with 
normal or corrected-to-normal vision and had no history of neurological disorders or mental diseases. All subjects were 
informed in advance that they would receive 50 yuan (approximately 7 USD) as a reward for participating in the 
experiment. At the same time, to better simulate the online donation situation, we will randomly select a donation amount 
that they filled in after the experiment and deducted it from their experimental remuneration after dividing it by 2. The 
deducted remuneration will be donated in their name to an online donation project in their presence. Three subjects’ data 
were excluded due to excessive artifacts in the electroencephalogram (EEG) recordings. Ultimately, the number used for 

Psychology Research and Behavior Management 2023:16                                                                    https://doi.org/10.2147/PRBM.S415959                                                                                                                                                                                                                       

DovePress                                                                                                                       
3023

Dovepress                                                                                                                                                           Zhang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


data analysis was 26. The study was conducted following the Declaration of Helsinki and was approved by the Internal 
Review Board of the Academy of Neuroeconomics and Neuromanagement at Ningbo University (Report No.20210702).

Materials
The dependent variable of this study is “the amount donors willing to donate”, and the independent variable is “high/low 
peer donation amount”. The entire experiment contained 80 stimuli (40 high average peer donation amounts and 40 low 
average peer donation amounts). Based on observation of the existing social donation platform and facts of charitable 
giving spending of Chinese students,82 we picked 46, 47, 48, 49, 50 as high peer average donation amounts (HPDA) and 
3, 4, 5, 6, 7 as low peer average donation amounts (LPDA, each number would repeat 8 times in the formal experiment). 
Stimulus was displayed in the center of the screen in the form of 52 points, font-weight and SimSun font-type with a gray 
background of 270×300 pixels.

Procedures
The subjects were asked to enter a soundproof room and sit on a comfortable chair that was 100 cm away from 
a computer-controlled monitor (1280 × 1024 pixels) with a refresh rate of 60 Hz. Before the formal experiment started, 
each subject received an instruction paper noting the experiment’s task, procedure, and announcements. Then, they were 
required to read a real story extracted from an ongoing donation project, imagine that they are currently browsing the 
program online and will determine how much money they will donate. Stimuli presentation and data collection through 
the experiment were controlled by E-Prime 3.0 (PST, Psychology Software Tools, Inc.).

As shown in Figure 1, each trial began with a black cross against a gray background for 600–800ms. Then, a target 
stimulus screen that presented HPDA or LPDA was shown for 1500ms. After a 400–600ms blank screen, subjects could 
use the keyboard provided to enter their intended donation amount (yuan) in the on-screen textbox. The experiment 
would continue only when the subjects pressed “enter” to confirm their decision.

In the formal experiment, each selected number (46, 47, 48, 49, 50 and 3, 4, 5, 6, 7) was repeated 8 times (80 in total 
with 40 in HPDA and 40 in LPDA). All the stimuli were randomly divided into 4 blocks, each with 20 trials, and these 
trials appeared in pseudo-random order. A formal experiment lasted for around 10 mins and during the interval of each 
block, subjects could take a short break. Subjects were told before the experiment that the donation amount for each trial 
should be made independently.

Electroencephalograph (EEG) Recording and Analysis
A 64 Ag/AgCl electrodes cap and a Neuroscan Synamp2 Amplifier (Curry7, Neurosoft Labs, Inc.) were used to record 
EEG data at a sample rate of 500Hz. The EEG signal was recorded at the decision screen (determining the “donation 

Figure 1 Single trial of the experimental procedure.
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amount”) of each trail and the electrode impedances were controlled below 5kΩ during the whole experiment. The left 
mastoid was used as reference, and the forehead location between PFz and Fz was used as the ground. Data were offline 
transferred to the average of the left and right mastoid references. The electrooculogram (EOG) was recorded from 
electrodes placed at 10mm from the lateral canthi of both eyes (horizontal EOG) and above and below the left eye 
(vertical EOG).

EEG data preprocessing was performed using the EEGLAB toolbox83 and MATLAB (R2013a, The MathWorks, Inc., 
Natick, MA). First, they were re-referenced to the left and right mastoids average, bandpass filtered to a range of 0.1–30 
Hz, epoched from −200ms to +800ms surrounding the simulation screen onset and took the baseline activity from 
−200ms to 0ms preceding the target. Second, independent component analysis was computed and the EOG artifacts (ICs 
representing eye blinks or other artifacts) were off-line corrected for all subjects, following the method provided by 
Semlitsch, Anderer, Schuster and Presslich.84 Finally, the EEG recordings over each recording site for each participant 
were averaged within two conditions (HPDA & LPDA), respectively.

Three ERP components were analyzed according to the visual observation of grand averaged waveforms and the 
guideline proposed by Picton, Bentin, Berg, Donchin, Hillyard, Johnson Jr, Miller, Ritter, Ruchkin and Rugg,85 namely 
P2, N2 and P3. For P2 component, we conducted a 2 (peer donation amount: high vs low) × 9 (electrodes: F1, Fz, F2, 
FC1, FCz, FC2, C1, Cz, C2) ANOVA in the time window of 230–280ms after the stimuli onset for its mean amplitudes. 
For N2 component, A 2 (peer donation amount: high vs low) × 9 (electrodes: F1, Fz, F2, FC1, FCz, FC2, C1, Cz, C2) 
ANOVA for its mean amplitude analysis was also executed in the time window of 280–330ms. Similarly, for P3 
component, the time window of 360–410ms was selected with 9 electrodes (F1, Fz, F2, FC1, FCz, FC2, C1, Cz, C2) in 
the whole brain area. A 2 (peer donation amount: high vs low) ×9 (electrodes) ANOVA analysis was conducted for the 
P3 amplitudes. In addition, we also performed paired-samples t-tests to further verify the main effects and used partial 
eta-squared (η2

p) values to demonstrate the effect size in ANOVA models. According to Cohen,86 0.05 represented 
a small effect, 0.1 represented a medium effect, and 0.2 represented a large effect.

Results
Behavioral Results
As shown in Figure 2, a pairwise t-test was performed for the donation amount between HPDA condition and LPDA 
condition [t(1, 25)=7.306, p < 0.001]. The result showed a significant main effect of average peer donation amount, 
which indicated that the amount that subjects donated in the HPDA condition (M = 28.252, SD = 14.888) was 
significantly higher than that in the LPDA condition (M = 8.268, SD = 8.133). Furthermore, we also conducted one- 
sample t-tests to compare the average donation amounts of subjects in HPDA condition with 48 (the mean of the stimuli) 
and 46 (the smallest amount presented in the condition), and the average donation amounts of subjects in LPDA 
condition with 5 (the mean of the stimuli) and 7 (the largest amount presented in the condition). The results revealed 
that subjects donated significantly lower than 48 [t(1, 25)=−6.765, p(one-tail)<0.001, M=28.252<48], and even 46 [t(1, 
25)=−6.079, p(one-tail)<0.001, M=28.252<46] in HPDA condition. However, in LPDA condition, subjects donated 
significantly higher than 5 [t(1, 25)=2.049, p(one-tail)=0.0255<0.05, M=8.268>5], but not statistically significantly 
higher than 7 [t(1, 25)=0.795, p(one-tail)=0.217>0.05].

ERP Results
P2 Analysis
The 2×9 two-way repeated-measures ANOVA analysis for the mean amplitudes of P2 (positive polarity: larger voltage 
value means larger amplitude) was conducted in the time window of 230–280ms (see Figure 3). The main effect of 
average peer donation amounts was observed [F 1; 25ð Þ¼ 5:439; p ¼ 0:028;η2

p¼ 0:179], showing that encountered 
HPDA elicited a significantly smaller mean P2 amplitude (M = 0.919μV, SE = 0.843μV) than encountered LPDA 
(M = 1.664μV, SE = 0.846μV). We also performed paired-samples t-test (HPDA vs LPDA: t=−2.332, p = 0.028, LPDA > 
HPDA). The result of the t-test additionally supported the significant main effect of average peer donation amounts.
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N2 Analysis
The results of two-way 2×9 repeated measures ANOVA analysis for N2 in 280–330ms were also shown in Figure 3, 
which suggested that the condition of LPDA (M=−1.335μV, SE = 0.906μV) elicited significantly smaller amplitudes 
compared to the HPDA condition (M=−2.101μV, SE = 0.853μV), F (1, 25)=4.726, p = 0.039, η2

p = 0.159. The paired 
t-test also supported the result (HPDA vs LPDA: t=−2.174, p = 0.039, LPDA > HPDA). Since N2 is a negative polarity 
ERP component, a smaller voltage value means a larger amplitude.

Figure 2 Behavioral results of the participants’ donation amounts in peer donation amounts (high vs low): the black bar represents high peer donation amounts, whereas the 
grey bar represents the low peer donation amounts. 
Note: ***p < 0.001.

Figure 3 Grand-average P200, N200, P300 ERP waveforms in the three electrodes (Fz, FCz, and Cz): the red line represents high peer donation amounts, whereas the green 
line represents low peer donation amounts.
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P3 Analysis
The ERP waveform for P3 is detailed in Figure 3. The two-way 2×9 repeated measures ANOVA analysis for the average 
amplitudes of P3 (positive polarity: larger voltage value means larger amplitude) in the time window of 360–410ms 
revealed a significant main effect for the average peer donation amounts, F (1, 25) = 8.085, p = 0.009, η2

p = 0.244. The 
additional paired t-test also demonstrated the main effect of the average peer donation amounts (HPDA vs LPDA: t= 
−2.843, p = 0.009, LPDA > HPDA). The LPDA condition (M = 1.363μV, SE = 0.796μV) elicited a significantly larger P3 
mean amplitude than the HPDA condition (M = 0.208μV, SE = 0.736μV).

Correlation Analysis of P2 and P3
Since P2 and P3 are considered to be the sequential stages of reward-related processing,66 we further test the correlation 
between the P2 and P3 components. A Spearman correlation analysis between the mean amplitude of P2 and that of P3 
was conducted. The results showed that there was a significant positive correlation (r = 0.670, p < 0.001) between the 
mean amplitude of P2 and P3 in 9 electrodes (F1, Fz, F2, FC1, FCz, FC2, C1, Cz, C2), as shown in Figure 4.

Discussion
The present study employs the average peer donation amounts as the experimental stimuli to investigate how peer effects 
influence the donation amounts. Furthermore, the study utilizes the neural science tool of EEG with ERP components to 
elucidate the underlying neural and psychological mechanisms of the early-stage decision-making processes. By 
administering the experiment on a sample of Chinese college students, the current study replicated the behavioral 
findings of prior studies, uncovered the remained-salient reward perception approach, and discovered a new cost-benefit 
analysis approach. In the following sections, we offer a detailed discussion of each of the obtained results.

The behavioral findings of the present study reveal that there exists a positive correlation between the average peer 
donation amount and the donations made by donors, thus lending empirical support to Hypothesis 1. Furthermore, the 
extent to which the HPDA (LPDA) has raised (lowered) donation levels is also an interesting yet meaningful question. 
Thus, t-tests were conducted. The results indicated that, firstly, although the average donation amount in the HPDA was 
significantly greater than that in the LPDA, it remained significantly lower than both the mean value and the lower limit 

Figure 4 The result of Correlation analysis between the mean amplitude of P200 and the mean amplitude of P300: The horizontal axis is the average amplitude of P300 on the 
nine electrodes (F1, Fz, F2, FC1, FCz, FC2, C1, Cz, C2), and the vertical axis is the average amplitude of P200 on the nine electrodes (F1, Fz, F2, FC1, FCz, FC2, C1, Cz, C2). 
Note: Avg. represents average amplitude on the nine electrodes.
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of HPDA, namely 48 and 46, respectively. Secondly, the average donation amount in the LPDA was found to be 
significantly higher than the mean value of LPDA (5), but it failed to reach statistical significance when compared to the 
upper threshold (7). This result is similar to some previous studies, for example, Agerström et al53 found that when 
nudging university students to donate using local social norms (ie, 73% of students in the same university donated 20 
crowns), the average donation amount (20.78) is slightly higher than the proposed amount (20). Unfortunately, this study 
did not test the statistical significance of this difference,53 and other similar studies also ignored the investigation of the 
relationship between experimental conditions and final donation results.10,29,32

This study will discuss these intriguing behavioral results in depth, since two contentious questions arise here: First, if 
higher donation leads to greater rewards under LPDA, why do donors only maintain a slightly higher level of giving than 
displayed information? (Q1) Second, why do donors tend to give more in the context of HPDA even when the average 
amount donated fails to reach the average level of descriptive social norms? (Q2) Later, we shall further expound on 
these questions in conjunction with the ERP results.

At the brain level, significant amplitudes of P2 were observed. The results of the ANOVA analysis demonstrated that 
the LPDA produced larger P2 amplitudes than the HPDA, lending robust support to H2. As previously noted, the P2 
component is closely linked to the early unconscious allocation of attentional resources,22,60 and stands as a key index 
component in the cue evaluation phase.64–66 In the present study, the combination of “peer donation amount” and “how- 
much-to-donate decision” has the potential to evoke marketplace norms, rather than altruistic norms, which, in turn, may 
prompt donors to seek rewards while making donations.40 The LPDA represented more available personal and social 
rewards than the HPDA,48,49 thus eliciting a larger P2 amplitude. Additionally, the unconsciousness of the P2 component 
indicates that donation decisions influenced by peer donation amount showed more attention to reward information in the 
early decision-making period. Of particular interest, in the current study, it was essential to consider the cost (capacity) 
factor to discern the different rewards between the LPDA and HPDA. Therefore, we seem to be able to infer that the 
perception of cost has also started in the P2 stage.

N2 is an important ERP component in the current study, whose results showed that the N2 amplitude elicitation in the 
LPDA is significantly smaller than that in the HPDA, supporting H3. Previous reviews have shown that N2 amplitude is 
related to the level of conflict in the decision-making processes.22,67–69 Some researchers made further inferences on this 
basis, thinking that the N2 amplitude may also be related to the perceived risk of decision-making.22,70 Empirical 
research suggests that peer influence can be used as an important indicator of the perceived quality of donation activities, 
that is, a higher peer donation amount can indicate that the donation activity is of higher quality and more trustworthy.71 

But the actual results contradict this reasoning. The results support the existence of a cost-benefit analysis mechanism 
that brings decision conflicts into the overall donation decision processes. Specifically, this study finds that obvious 
monetary information prompts donors to consider the costs of donation decisions, leading donors to make a trade-off 
between existing resources and expected rewards. In the case of HPDA, the cost of obtaining the expected rewards 
exceeds expectations, resulting in increased decision-making conflicts. Conversely in the case of LPDA, the coexistence 
of more available prospective rewards and lower donation costs makes donation decisions almost conflict-free. Moreover, 
if we take the above-mentioned self-control perspective, the decision conflict also can source from the overcoming of 
self-control problem.35–38 Compared with LPDA which only requires donors to control the donation at a suitable level 
(slightly higher than LPDA), the HPDA requires donors to consider whether to actively activate the self-control 
mechanism to prevent donations beyond their ability or give up donations, and turn to calculated donations or even 
“pure” altruism. Generally, in the condition of displaying peer donation amounts, the cognitive approach of peer- 
influenced online donation decision is characterized by a decision-conflicts-represented cost-benefits analysis process.

Following the N2 is P3 component. The analysis results indicated that LPDA indeed evoked larger P3 amplitudes. 
Thus, H4 was supported. Since P3 component has long been considered as a remark of reward anticipation stage which 
corresponds to P2 (cue evaluation stage) and forms the two-stage reward-related cognitive processing,64–66 a correlation 
analysis was also conducted. The result showed significantly positive correlation between the mean amplitude of P200 
and that of P300, providing another strong evidence of the existence of a reward-related processing process throughout 
the ERP time window. Previous studies also find that when subjects donate money, parts of the brain which are associated 
with reward circuitry are activated.41,87 Therefore, our study also aligns with previous neurophysiological findings. This 
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paper argues that the difference in perceived expected returns between LPDA and HPDA is caused by different types of 
social comparisons. The LPDA brings about downward social comparisons and thus a corresponding set of personal and 
social benefits which lead to higher reward perception and donation motivation.48,49 The HPDA, on the other hand, 
stimulates automatic upward social comparisons, which lead to a cascade of negative effects such as low self-efficacy, 
low self-esteem, and low well-being that correspond to lower reward perception.16,17

A problem naturally arises: If the P3 results represent behavioral motivation tendencies,77 the donor should not increase 
their donation amount. We formally suggest our explanations for these questions here. For Q1, it can be explained by the 
boomerang effect.88,89 Specifically, this effect assumes that descriptive social information will be used by donors as 
a reference point (anchor) for decision-making in ambiguous information situations.57 It can also be interpreted by the self- 
control mechanism. As mentioned in Literature Review, self-control highlights the necessity of cost-benefit balancing in the 
processes of donation amount decision.35,36 When the peer donation amount information is lower than expected, driven by 
the rational cost-saving motivation, the donor’s donation amounts will converge to peer donation amount. However, to 
simultaneously obtain the expected rewards (such as self-improvement and positive social evaluation, etc.),48 these amounts 
will eventually be slightly higher than the LPDA, so as to achieve a cost-benefit balance.

For Q2 and the inconsistency between P300 and behavioral results, three explanations have been put forward in 
Behavioral Hypothesis, namely “social norm as a magnet”,54–56 “cognitive dissonance theory”58 and “self-control 
mechanism”,37,38 here we extend the “self-control mechanism” explanation and add another interpretation. First, from 
the self-control perspective, donors prevented themselves sink into the selfishness (excessive donation or give up) and 
turn into either calculated donation (following the social norm or de escalating the cognitive dissonance with monetary 
cost) or “pure” altruism through active self-control.35–38 If the explanation truly stands, self-control would be an essential 
yet effective self-protection mechanism in dealing with negative emotions evoked by upward social comparison in peer- 
influenced online donation context,90 since it can either alleviate (calculated donation) or eliminate (“pure” altruism) 
those negative emotions. Unfortunately, this study could not confirm the availability of self-control explanation, thus 
leaving a meaningful question for future research. Second, the occurrence of inconsistencies between the electrophysio-
logical and behavioral outcomes is not uncommon in similar studies.70 This discrepancy can be attributed, in part, to the 
limitations of ERP analysis, which only capture the initial stages of decision-making processes despite their high 
temporal resolution. The actual decision-making process is much longer, and other factors in the subsequent processes 
can also affect the decision-making results.

In general, this research has the following theoretical and managerial implications. First, this study successfully reproduces 
the behavioral results in previous research, that is, HPDA leads to high donation amount, while LPDA reduces donation 
amount. Second, in contrast to the psychological model proposed in the previous study,3 the current investigation reveals that 
peer donation amount information heightens donors’ perception of donation costs and benefits, thereby triggering a cost- 
benefit analysis process that generates varying degrees of decision-making conflicts. Aside from the potential conflicts 
generated by economically cost-benefit balance, self-control problem preceding cost-benefit analysis could also be an 
interpretation of the decision conflict, since not all donors can prevent themselves from sinking into selfishness. Third, this 
study finds that donors with tight donation budgets diverge between their donation behavior and their psychological 
mechanisms of donation (ie, making decisions to give higher amounts in conjunction with low prospective rewards and 
possibly negative emotions). At the same time, this paper also puts forward four possible explanations for this phenomenon. 
Although this study could not carry out further experiments to distinguish which factors caused this divergence, this valuable 
phenomenon still deserves further exploration. Practically, Donation platforms based on social media should be more careful 
about using social information, especially peer information related to donation amounts, to influence donors’ donation 
decisions. On the one hand, such an approach may come at the cost of compromising the well-being of donors, and, on the 
other hand, the short-term increase in donations may come at the expense of long-term reductions in donations.

For sure, in addition to the above mentioned limitations, this study has some other limitations which could provide valuable 
future research directions. First concern is about robustness and realistic generalizability of the results. Since ERP research has 
strict requirements on the experimental environment, this study has made a lot of simplifications to the real online donation 
scenario and based on a limited subject group. To enhance the external validity (generalizability) of our findings, future research 
should complement our ERP-based experimental approach with field experiments and other methods. Also, more nuanced- 
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designed experiment with larger sample is needed to validate the robustness of our findings in diverse settings (eg, different 
incentive structures, contexts, and demographics of donors). Second, the self-control mechanism mentioned in this study is 
generated from two distinct strands of literature (one believes self-control can turn donors from impulsive to rational, and the 
other believes self-control can turn donors from selfish to altruistic). However, we use a sequential rather than parallel perspective 
to explain the role of self-control to prevent logical conflicts. This may provide a new theoretical perspective for subsequent 
research on self-control. Furthermore, the possibility of self-control as an explanation to explain Q1/2 and the decision conflicts 
represented by N2, and as a possible way to alleviate the negative impact of upward social comparison has not been confirmed or 
ruled out. This also provides a valuable path for future research. Last but not least, this research, like the previous literature, does 
not focus on the interaction effects between social information. However, social information often appears simultaneously in 
realistic donation situations, so researching interactions between information is likely to lead to valuable new findings.

Conclusion
This study aims to investigate the effects of peer donation amount on “how-much-to-donate” decisions. Behavioral and 
ERP results showed that donors with limited donation budgets tend to make higher donation amount decisions despite 
low perceived rewards and potentially negative emotions, indicating the increment of donation may come at cost of 
donors. However, the specific mechanism that supports this phenomenon still needs further exploration. Additionally, 
compared with previous “number of donated peers” study, the current study further suggests that the mechanisms behind 
decision-making can be summarized into a cognitive approach represented by cost-benefit analysis and an affective 
approach represented by reward perception.
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