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Abstract

The goal of this study was to examine social feedback processing among emerging adults with 

borderline personality features (BPF). Participants (N=118; 66.9% female) completed ratings 

of BPF and a computerized peer interaction task designed to measure processing of rejection 

and acceptance cues at the neurophysiological (i.e., electroencephalogram [EEG]), behavioral, 

and self-report levels. When covarying symptoms of depression and social anxiety, greater BPF 

were associated with heightened neural processing of social acceptance cues, accounting for 

reactivity to neutral and rejection cues, as demonstrated by an enhanced reward positivity (RewP) 

component. Additionally, BPF were associated with less adaptive voting in response to peer 

acceptance, such that emerging adults with higher BPF made fewer votes to keep peers in the fame 

who had provided acceptance feedback to participants. These patterns of neural and behavioral 

patterns associated with BPF highlight the potential role of social reward processing in borderline 

personality. Specifically, emerging adults high in BPF show a hyper-responsiveness to social 

acceptance at the neural level but difficulty modulating behavioral responses in an adaptive way 

to obtain more social rewards. Future research replicating these effects across development may 

guide efforts to address and prevent the profound social dysfunction associated with BPF.
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Borderline personality disorder is a complex and debilitating disorder associated with 

instability in affect regulation, poor impulse control, and profound social dysfunction 

(Lieb et al., 2004). Although identified in 1–3% of the general population, borderline 

personality disorder is represented disproportionately in mental health systems, often due to 

the presence of high risk behaviors such as self-harm and suicidal behavior (Lewinsohn et 

al., 1997; Zanarini et al., 2011). These high risk behaviors represent some of the most severe 

correlates of the disorder, but they are transient and are not always present in borderline 

personality disorder (Choi-Kain et al., 2010; Westlund Schreiner et al., 2015). Instead, social 

processing dysfunction may be a more central marker of borderline personality disorder 

(Gunderson & Lyons-Ruth, 2008; Herpertz et al., 2014), as social processing deficits persist 

even after remission from borderline personality disorder, and have been identified among 

adults with elevated borderline personality features (BPF; Choi-Kain et al., 2010; Lazarus 

et al., 2014). Sensitivity to social rejection has been a primary clinical focus of borderline 

personality disorder (Linehan, 2020), and extant research has primarily focused on how 

adults with the disorder process social rejection cues (Lazarus et al., 2014). However, 

similar social processing deficits are also identified among adults with depression and social 

anxiety. As depression and social anxiety co-occur with borderline personality at high rates 

(Tomko, Trull, Wood, & Sher, 2014; Zanarini et al., 1998), it is not clear whether sensitivity 

to rejection is unique to borderline personality disorder (Gao, Assink, Cipriani, & Lina, 

2017; Domsalla et al., 2014).

Emerging evidence suggests that adults with borderline personality disorder and adults with 

borderline personality features (BPF) demonstrate deficits in processing social rewards, such 

as acceptance cues, that persist even when controlling for co-occurring psychopathology 

(Domsalla et al., 2014; Malejko et al., 2019). However, the specific nature of social 

acceptance processing alterations underlying BPF is unclear, perhaps due to considerable 

variability in the methods used to detect these processes. Prominent models of social 

processing posit that social information is processed in a set of stages with early stages, 

including encoding and interpreting social cues, influencing later stages of social processing, 

such as selecting and enacting behavioral responses to social cues (e.g., Crick & Dodge, 

1994). To date, self-report and behavioral methods have been used to identify deficits in 

later stages of social processing. Adults with BPF have been shown to report lower levels of 

social connection relative to those without BPF after being included (De Panfilis et al., 2015; 

Gutz et al., 2015) and are less likely compared to those without BPF to trust others and act 

cooperatively after receiving acceptance feedback (Liebke et al., 2018). Deficits in earlier 

stages of social processing are also likely, as adults with BPF report lower expectations 

for social acceptance (De Panfilis et al., 2015). However, self-report methods are limited in 

being able to discern alterations in the early encoding and interpretation of social cues as 

social processing is posited to be a mostly automatic process (Crick & Dodge, 1994), and 

adults with BPF may have limited self-awareness of these processes (Leible & Snell, 2004).

Neural measures may hold promise in further elucidating deficits in social acceptance 

processing in borderline personality. Among adults with BPF, studies using functional 

magnetic resonance imaging (fMRI) demonstrate enhanced reactivity to inclusion feedback 

in the dorsomedial prefrontal cortex (Domsalla et al., 2014; Malejko et al., 2019), a 

region implicated a number of cognitive functions, including emotional conflict monitoring 
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and self-referential mentalizing about social knowledge. While this enhanced reactivity is 

speculated to reflect conflict between the desire to be socially accepted and the internal 

belief of those with borderline personality that others will reject them (Malejko et al., 

2019), fMRI methods lack temporal specificity, leaving questions about alterations in 

more immediate stages of social acceptance processing in BPF. Event-related potentials 

(ERPs) derived from the electroencephalogram (EEG) provide excellent temporal resolution 

(Kappenman & Luck, 2016) that is ideal for assessing dysfunction in the most immediate 

stages of social processing (Kujawa, Kessel, Carroll, Arfer, & Klein, 2017; Kujawa et al., 

2014; Pegg et al., 2022). Some BPF research using the Cyberball paradigm has identified an 

enhanced P3 ERP component in response to being included (Gutz et al., 2015; Weinbrecht 

et al., 2018). As the P3 amplitude increases when expectations are violated (Luck, 2014; 

Ruchsow et al., 2008), this may reflect social acceptance feedback is unexpected among 

those with BPF. However, it is important to note that there is also some disagreement about 

whether the inclusion condition in the Cyberball task specifically elicits social acceptance 

(Simard & Dandeneau, 2018), as the task simulates inclusion (i.e., being included in a ball 

toss) and exclusion (i.e., being excluded from a ball toss), but does not necessarily provide 

the experiences of being socially evaluated and subsequently rejected or accepted (Cacioppo 

et al., 2013; Hartgerink, van Beest, Wicherts, & Williams, 2015). Thus, social paradigms 

that include the pretense of more direct social communication and both positive and negative 

evaluative feedback may more precisely elucidate early social processing dysfunction.

A virtual, real-time peer interaction task, called Island Getaway (Kujawa, Kessel, Carroll, 

Arfer, & Klein, 2017; Kujawa et al., 2014), offers an ideal paradigm to examine 

neurophysiological alterations involved in social acceptance processing in BPF. In the 

task, participants play a game with simulated peers, in which they exchange personal 

information, vote to reject and accept simulated peers, and then receive rejection and 

acceptance feedback from peers while EEG data are simultaneously collected. Principal 

component analysis (PCA) conducted on ERP data obtained from adolescents and from 

young adults completing the Island Getaway show a series of ERPs differentially sensitive to 

rejection versus acceptance feedback (Kujawa et al., 2017; Pegg et al., 2021). Of particular 

relevance, the reward positivity (RewP) component emerges enhanced (i.e., more positive) 

for acceptance compared to rejection feedback. RewP is a frontocentral ERP component 

appearing approximately 300 ms after stimuli onset that is correlated with self-report and 

behavioral measures of reward responsiveness and may reflect individual differences in 

approach motivation and reward sensitivity (Bress & Hajcak, 2013). Further, it is correlated 

with activation of reward-related brain regions, including the ventral striatum, ventromedial 

prefrontal cortex, midcingulate and anterior cingulate (Becker et al., 2014; Carlson et al., 

2011). While originally developed for use with adolescents, the Island Getaway task has 

also been shown to reliably elicit RewP in young adults (Pegg et al., 2019; Weinberg et al., 

2021), and it may also likely be relevant to young adults with BPF.

The RewP may be an important neural indicator of social dysfunction in young adults BPF. 

Although we are unaware of any extant work that has examined alterations in the RewP in 

response to social acceptance among young adults with BPF, there is some research showing 

a blunted RewP in response to non-social feedback in BPF (Endrass, Schuermann, Roepke, 

Kessler-Scheil, & Kathmann, 2016; Stewart et al., 2019), raising the possibility that altered 
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reward processing more generally may be relevant to the pathophysiology of BPF. Further, 

previous work has identified a blunted RewP in response to social acceptance feedback 

among adolescents and young adults with other mental health problems that commonly 

co-occur with BPF such as depression (Nelson & Jarcho, 2021; Kujawa et al., 2017). 

However, there is also evidence that RewP is enhanced in response to social acceptance 

feedback among youth with social anxiety symptoms (Nelson & Jarcho, 2021), and as BPF 

have been associated with enhanced neural processing of social acceptance cues (Domsalla 

et al., 2014; Gutz et al., 2015; Malejko et al., 2019; Weinbrecht et al., 2018), it is more likely 

that BPF may be associated with an enhanced RewP to social acceptance feedback.

The Island Getaway task provides assessments of social acceptance processing at the 

neurophysiological, behavioral, and self-report levels. Such an approach is well aligned with 

the Research Domain Criteria (RDoC) initiative of the National Institute of Mental Health, 

which emphasizes the importance of integrating multiple levels of analysis to more precisely 

identify important constructs in the development and treatment of psychopathology. At the 

behavioral level, alterations in social acceptance processing are assessed by examining 

individual differences in how participants adjust their behavior in response to peer 

acceptance feedback. As some peers in the task are programmed to more frequently provide 

rejection feedback while others are programmed to more frequently provide acceptance 

feedback, young adults who vote to keep more accepting versus rejecting peers demonstrate 

adaptive responses to social acceptance. At the self-report level, young adults who report 

greater liking of peers who accept them is related to a larger RewP (Weinberg et al., 

2021). Although adults with BPF may display impairments in processing social acceptance 

feedback across levels of analysis, research that integrates findings across these domains is 

needed.

The goal of this study is to examine associations between BPF and social feedback 

processing measured across neurophysiology, behavior, and self-report using a computerized 

peer interaction task. BPF were examined dimensionally in an unselected sample of 

emerging adults. It was hypothesized that BPF would be associated with alterations in social 

acceptance processing across levels of analysis. Based on extant fMRI (Domsalla et al., 

2014; Malejko et al., 2019) and some emerging EEG research (Gutz et al., 2015; Weinbrech 

et al., 2018) examining social acceptance processing in BPF, it was hypothesized that BPF 

would be associated with an enhanced RewP to peer acceptance relative to neutral and 

rejection feedback. Less adaptive behavioral and self-reported responses to acceptance were 

also expected. Specifically, it was hypothesized that BPF would be associated with a lower 

likelihood of voting to keep and like peers in the task who provided acceptance feedback 

based on past work showing lower levels of social connection and trust for others among 

adults with BPF (De Panfilis et al., 2015; Gutz et al., 2015; Liebke et al., 2018). Given 

that depression and social anxiety frequently co-occur alongside BPF (Tomko et al., 2014; 

Zanarini et al., 1998) and may be associated with distinct alterations in social feedback 

processing (Liebke et al., 2018; Malejko et al., 2019; Nelson & Jarcho, 2021), depression 

and social anxiety were included as covariates in analyses. It was hypothesized that unique 

associations between BPF and alterations in social acceptance processing variables would 

emerge when controlling for co-occurring psychopathology.
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Methods

Participants

Emerging adult participants were recruited via flyers and the Vanderbilt University 

psychology research participant pool. Participants were compensated with course credit or 

money. Written informed consent was obtained from all participants, followed by self-report 

questionnaires and a series of EEG tasks. These tasks included a monetary reward task and 

picture viewing task, results of which have been published elsewhere (Dickey et al., 2021a; 

Dickey et al., 2021b; Pegg et al., 2021). A total of 128 completed the peer interaction task, 

and nine were excluded for poor EEG data quality and one because they requested their 

data not be used following debriefing, leaving 118 participants included in the present study. 

Participants were on average 19.31 years old (SD = 1.15, Min = 18 years); 66.9% female; 

52.5% White/Caucasian, 26.3% Asian, 11.0% Black/African American, 0.8% American 

Indian/Alaska Native, and 9.3% identified as other or mixed race (9.3%); 11.0% identified as 

Hispanic/Latinx.

Measures

BPF.—The McLean Screening Instrument for Borderline Personality Disorder (MSI-BPD) 

is a 10-item self-report measure of DSM-IV borderline personality disorder symptoms 

(Zanarini et al., 2003). Each item corresponds to one of the nine DSM-IV symptoms of the 

disorder, with two items assessing paranoia/dissociation (Zanarini et al., 2003). Participants 

are instructed to indicate if a symptom is present (Yes = 1) or absent (No = 0). A sum score 

is created based on the number of symptoms rated as present, with scores of 7 or higher 

indicating good sensitivity (.81) and specificity (.85) for a borderline personality diagnosis 

(Zanarini et al., 2003). In the current sample, Cronbach’s alpha was acceptable (.80). Sum 

scores ranged from 0 to 9, with 10 (8.5%) participants reporting symptoms in the clinical 

range.

Internalizing symptoms.—The Inventory of Depression and Anxiety Symptoms (IDAS) 

was used to assess depression and social anxiety (Watson et al., 2007). The IDAS is a 

64-item self-report scale with item responses ranging from 1 (Not at all) to 5 (Extremely). 

The IDAS includes 12 scales designed to measure dimensions of internalizing problems, and 

current analyses focused on two subscales expected to be associated with social feedback 

processing and BPF: Social Anxiety (5 items) and General Depression (20 items). IDAS 

scale scores have been shown to have good reliability as well as convergent, discriminant, 

criterion, and incremental validity (Watson et al., 2007, 2008). In the current sample, 

the General Depression and Social Anxiety scores were considered as covariates, and 

demonstrated good reliability (Cronbach’s alphas = .90 and .85, respectively).

Island Getaway task.—Participants completed a modified version of the Island Getaway 

peer interaction task (Kujawa et al., 2014) while EEG data were collected. The task code 

for this and previous versions of the task is available at: http://arfer.net/projects/survivor 

(branch: vanderbilt-undergrad). The premise of this 6-round game is that players are 

traveling with a group to each of the Hawaiian Islands and must vote one of the players 

out of the game at the end of each round. Participants played with a group of 13 confederate 
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peers (actually computer-controlled) that they were led to believe were other college 

students interacting with them in real-time from other universities. Prior to the start of 

the game, participants completed a personal profile that included their photograph, name, 

age, university, and interests. Participants were told that they would be completing several 

rounds of the game in which they would vote on each peer (i.e., vote to accept the peer/keep 

them in the game or vote to reject the peer/kick them out of the game) and would then 

receive feedback on how each peer “voted” for them. At the end of each round, the player 

with the most reject votes would be kicked out of the game, and the goal of the game was 

to make it to the final island following round six without being voted off by their peers. 

During each round, participants were presented with the profiles of each peer one at a time 

and decided to vote to accept (i.e., “Keep”) or reject (i.e., “Kick out”) that peer while the 

peer simultaneously voted to accept or reject the participant. Participants had 5000 ms to 

vote on each trial. This was followed by a fixation cross for 2000 ms. Participants were 

then presented with feedback about how that peer voted for them for 2000 ms. Participants 

were told that a green thumbs up indicated a vote to stay in the game, a red thumbs down 

indicated a vote to leave the game, and a yellow rectangle indicated no vote was received 

possibly due to a network error or because the peer did not respond in time (i.e., neutral 

feedback). After feedback, a fixation cross was presented for 1500 ms before the start of 

the next trial. The participant continued to vote until they had made a vote on and received 

feedback from each peer remaining in the game for the round. Prior to the start of the next 

round, participants completed a poll question to facilitate the gradual exchange of personal 

information (e.g., “Who is your favorite fictional character?”) and reviewed the responses 

of their peers to increase believability of the task, as well as the exchange of more personal 

information.

The task was programmed such that the participant always made it to the final island 

following six rounds of voting and received equal proportions (i.e., 21 trials each) of 

acceptance, rejection, and neutral feedback across the task for a total of 63 feedback trials. 

Each peer profile was randomly assigned to a voting pattern to examine participants’ 

behavioral responses as a function of peer feedback. Specifically, three peers were 

considered “allies” and voted to accept the participant on three to five rounds. The ally 

with three acceptance votes voted to reject the participant once and gave neutral feedback on 

the remaining two rounds. The allies with four and five acceptance votes provided neutral 

feedback on the remaining rounds. Three of the peers were considered “enemies” and voted 

to reject the participant on three to five rounds. The enemy with three rejection votes voted 

to accept the participant once and gave neutral feedback on the remaining two rounds. 

The enemies with four and five rejection votes provided neutral feedback on the remaining 

rounds. One peer was ambiguous in their voting pattern, as they provided neutral feedback 

on four rounds, voted to accept the participant once, and voted to reject the participant once. 

The remaining six peers gave each of the three kinds of feedback twice and were voted off 

one at a time during the game. Participants were fully debriefed following completion of 

the study and informed that all peer responses were computerized and no one outside of the 

research study viewed their information.

Following completion of the task, participants responded to three self-report items rated on 

a 5-point scale: “I really wanted to stay in the game,” “I would’ve liked to play this game 
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again,” and “After a while I lost interest in staying in the game (reverse scored).” Scores 

were averaged to derive a measure of task engagement ranging from 1 to 5, with higher 

scores indicating greater engagement. The average self-rating of task engagement for the 

sample was 3.12 (SD = 1.04). Task engagement was not associated with BPF (r = − .02, p = 

0.817).

EEG Data Acquisition

A 64 electrode BrainProducts actiCHamp system (Munich, Germany) was used to collect 

continuous EEG data. Facial electrodes were attached 1 cm above and below the right eye 

and 1 cm on each outer corner of the eyes to measure electrooculogram. The sampling 

rate was 1000 Hz, impedances were lowered below 30 kΩ, and online data acquisition was 

referenced to Cz. BrainVision Analyzer (Munich, Germany) was used to process collected 

data. A band-pass filter with cutoffs of 0.1 and 30 Hz was used, and data were re-referenced 

offline to linked mastoids TP9 and TP10. Per the BrainProducts system design, a single 

scalp electrode is used for referencing during data recording and then re-referencing 

to other combinations of electrodes can be conducted offline, which is consistent with 

recommendations to avoid online data collection using a linked reference (Yao et al., 2019). 

Although there is no perfect reference for EEG data, the average of both mastoid electrodes 

is a commonly used reference particularly for ERPs over midline sites because it accounts 

for both left and right electrical activity and is assumed to be close to a neutral baseline 

(Yao et al., 2019). Further, the use of this reference allows for direct comparison to ours 

and others prior research on the RewP (Bress & Hajcak, 2013; Kujawa et al., 2017; Nelson, 

Perlman, Klein, Kotov, & Hajcak, 2016; Pegg et al., 2021).

Data were segmented −200 ms before to 1000 ms after feedback. Ocular correction was 

completed using Gratton’s algorithm (Gratton et al., 1983). Semiautomatic artifact rejection 

was completed with a voltage step greater than 50 μV/ms between sample points, maximum 

voltage difference of 175 μV within trials, a minimal allowed amplitude of −200 μV and 

maximal allowed amplitude of 200 μV, and lowest allowed activity of 0.5 μV within 100 ms 

intervals. Data were visually inspected to remove any remaining artifacts. Single electrodes 

with faulty recordings were interpolated using the signal from surrounding electrodes. For 

three participants with poor data from one of the mastoid electrodes (TP9/TP10), data were 

interpolated at one or both mastoids prior to mastoid re-reference1. (analyses were also 

conducted with these participants excluded and no substantive changes were observed). 

Data were averaged by type of feedback (acceptance, rejection, and neutral), and baseline 

corrected −200 to 0 ms before feedback onset. Participants had on average 20.92 (SD = 

0.30) trials for the acceptance feedback condition, 20.87 (SD = 0.44) for rejection feedback 

condition, and 20.88 (SD = 0.37) for the neutral feedback condition at Cz following artifact 

rejection. Consistent with prior work with this sample (e.g., Pegg et al., 2021) and visual 

inspection of the grand averages data (Figure 1), RewP was scored 275–325 ms after 

1Analyses were conducted excluding participants with data interpolated at one or both mastoids prior to mastoid re-reference. No 
substantive changes were observed with one exception: in Step 3 of the hierarchical regression model predicting RewP to acceptance 
feedback when BPF are added to the model (Table 2), social anxiety symptoms were significantly associated with RewP to acceptance 
feedback (B=−0.198, SE B=.096, St. β =−.111, p=.041) when excluding these participants while it previously was not significant (p = 
.055).
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feedback onset at Cz. Although we focus analyses on RewP given conceptual links with BPF 

and associated forms of psychopathology, we also conducted exploratory analyses with other 

closely related components (P2, P3), with results presented in the Supplement.

Behavioral Measure of Social Processing

As a behavioral measure of social feedback processing, we examined individual differences 

in the extent to which participants adjusted behavior in response to peer feedback in an 

adaptive way. Specifically, as three peers were “allies” who tended to accept the participant, 

and three peer were “enemies” who tended to reject the participant, participant votes to keep 

allies and kick out enemies would be adaptive for obtaining more positive social feedback, 

and ultimately, staying in the game. At the same time, variability in peer voting patterns 

were subtle and there are individual differences in the extent to which participants learn this 

pattern and update their behavior accordingly. As a measure of adaptive voting patterns, we 

calculated each participant’s (Pearson) correlation between each co-players’ proportion of 

votes to accept the participant and the participant’s proportion of votes to accept that same 

peer. This variable included the seven peers that all participants interacted with throughout 

the game (i.e., three allies, three enemies, and one ambiguously voting peer). More positive 

values reflect greater adaptive voting in that participants exhibit more of a tendency to vote 

to keep participants in the game when they give the participant more acceptance feedback.

Self-Report Measure of Social Processing

At the completion of the task, participants reviewed each peer profile and were asked to 

rate how much they like the player on a scale from 1 to 5. The (Kendall’s tau-b) correlation 

between co-player acceptance votes and participants’ liking ratings of the co-player was 

used as a measure of adaptive liking. Five participants did not show any variability in 

their liking ratings, and were excluded from liking score analyses. Similar to the adaptive 

voting variable, this variable included the seven peers that all participants interacted without 

throughout the six rounds of the game.

Analytic Plan

Outliers were replaced using a 95% Winsorization. First, bivariate correlations were 

analyzed to examine associations between BPF, depression, social anxiety, gender, and 

social acceptance processing variables (i.e., RewP to acceptance feedback, adaptive voting 

and liking patterns). Next, to identify associations between BPF and each of the social 

acceptance variables accounting for co-occurring problems and covariates, hierarchical 

linear regression models were calculated. In Step 1, RewP to rejection and neutral were 

included to isolate variance in the ERP specific to processing of acceptance feedback. In 

Step 2, gender, self-reported task engagement, and associated symptoms thought to impact 

social processing (i.e., depression and social anxiety) were included. In Step 3, BPF were 

entered. For analyses examining adaptive voting and liking patterns, gender, self-reported 

task engagement, depression, and social anxiety symptoms were included in Step 1, and 

BPF were included in Step 2. Change in variance explained (i.e., R2) was compared across 

steps. Standardized regression coefficients are presented as an estimate of effect size to 

demonstrate the relative strength of associations and their practical meaning (Nieminen, 
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Lehtiniemi, Vähäkangas, Huusko, & Rautio, 2013), with .10, .30, and .50 consistent with 

small, medium, and large effects, respectively (Cohen, 1988).

Results

Bivariate correlations between study variables are presented in Table 1. As expected, BPF 

were positively associated with depressive symptoms and social anxiety symptoms. BPF 

were negatively associated with adaptive voting patterns, but not correlated with RewP 

in any of the feedback conditions. RewP to rejection feedback was positively correlated 

with adaptive voting, while RewP to acceptance and RewP to rejection feedback were both 

positively correlated with adaptive liking. Adaptive voting and liking were also positively 

associated.

Next, hierarchical regression analyses were conducted to examine the unique associations 

of BPF with social acceptance processing variables accounting for gender, self-reported 

task engagement, and symptoms of depression and social anxiety. Results for RewP to 

acceptance feedback are presented in Table 2. At Step 1, which included RewP to neutral 

and rejection feedback, the overall model was significant, F(2,115)=145.670, p<.001 and 

explained 71.7% of the variance. RewP in both conditions explained unique variance in 

RewP to acceptance. At Step 2, adding gender, self-reported task engagement, along with 

depression and social anxiety symptoms explained an additional 1.2% of the variance, 

but this change in R2 was not significant, ΔF(4,111)=1.219, p=.307. These variables were 

not uniquely associated with RewP to acceptance, although RewP observed in rejection 

and neutral conditions continued to contribute unique variance to explaining RewP to 

acceptance. At Step 3, BPF were entered, and an additional 1.1% of variance was explained. 

This change in R2 was significant, ΔF(1, 110)=4.813, p=.030. RewP to rejection and neutral 

conditions as well as BPF contributed unique variance to explaining RewP to acceptance. 

BPF were associated with an enhanced (more positive) RewP to social acceptance feedback 

(Figure 2). A scatterplot of the association between BPF and the residual RewP to social 

acceptance feedback adjusting for RewP to neutral and rejection conditions is depicted in 

Figure 3. We also tested the model with RewP to reject as the dependent variable to examine 

whether BPF associations with RewP were specific to acceptance feedback or also apparent 

for rejection feedback. BPF were not associated with RewP to rejection accounting for 

RewP to other conditions (B=−0.118, SE B=.170, St. β =−.046, p=.489).

The overall model for adaptive voting at Step 1, when considering gender, self-reported task 

engagement, depression, and social anxiety was not significant, F(4, 113)=1.545, p=.194. At 

Step 2, there was a trend for change in R2 when adding in BPF, ΔF(1, 112)=3.916, p=.050 

(Table 3). There was a trend for the negative association between BPF and adaptive voting (p 
= .050), such that higher BPF scores were associated with less adaptive voting. A scatterplot 

of the association between BPF and the adaptive voting is depicted in Figure 4. Similarly, 

the overall model for adaptive liking was not significant at Step 1, when considering 

the effects of gender, self-reported task engagement, depression, and social anxiety, F(4, 

108)=1.001, p=.411. At Step 2, when adding BPF, unique variance was not explained, ΔF(1, 

107)=0.376, p=.541 (Table 3). None of the coefficients reached significance in the model 

accounting for other types of symptoms.
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Discussion

Using a computerized peer interaction task with EEG, we identified associations between 

BPF in emerging adults and neural and behavioral alterations in processing of social 

acceptance cues. At the behavioral level, BPF were associated with less adaptive voting, 

as young adults with elevated levels of BPF showed less correspondence between the 

amount of acceptance feedback obtained from each player and their own votes to keep that 

player in the game. At the neurophysiological level, BPF were associated with an enhanced 

RewP to acceptance controlling for RewP to rejection and neutral feedback, indicating 

hyper-responsiveness to social acceptance feedback. However, the association between BPF 

and enhanced RewP to acceptance was only significant when controlling for co-occurring 

social anxiety and depression symptoms in regression analyses.

BPF were modestly but significantly associated with less correspondence between frequency 

of acceptance feedback from peers and likelihood of offering acceptance feedback in turn. 

This effect is consistent with extant research showing adults with BPF are less trusting and 

cooperative with others in response to social acceptance compared to adults without BPF 

(De Panfilis et al., 2015; Liebke et al., 2018). Notably, this effect emerged only for BPF, 

whereas social anxiety and depression were not associated with voting patterns. As the 

measure of adaptive voting used in the current study accounted for the voting patterns of 

the pre-programmed peers, the behavioral effect identified herein may point to deficits in 

social reward learning for adults with elevated BPF. That is, BPF may be associated with 

difficulty learning from social interactions and appropriately updating perceptions of others 

after receiving new information. For example, Liebke and colleagues (2018) have previously 

shown that in response to social acceptance feedback, adults with BPF did not adjust their 

initially low expectations for acceptance even after repeated presentation of positive social 

feedback, and this effect was not attributed to co-occurring depression. Interestingly, BPF 

were not associated with difficulty adjusting responses to social rejection, pointing further to 

potentially unique effects in processing acceptance rather than rejection feedback in BPF.

At the neural level, BPF were associated with an enhanced RewP to social acceptance 

relative to rejection. This effect is notable, considering that other forms of comorbid 

psychopathology, such as depression, are typically associated with a blunted RewP response 

to social acceptance at the neural level (Kujawa et al., 2014; Nelson & Jarcho, 2021), and 

that previous borderline personality research has shown a blunted RewP in response to non-

social feedback (Endrass et al., 2016; Stewart et al., 2019). Yet among emerging research 

using both EEG (Gutz et al., 2015; Weinbrecht et al., 2018) and fMRI methods (Domsalla 

et al., 2014; Malejko et al., 2018), enhanced processing of social acceptance feedback has 

been demonstrated among adults with borderline personality. As the amplitude of the RewP 

is associated with the degree of positive reward error (i.e., receiving better than expected 

outcomes; Baker and Holroyd, 2011, Cavanagh, 2015, Holroyd and Umemoto, 2016), the 

enhanced RewP to acceptance associated with BPF identified herein may be consistent 

with previous EEG research that has identified an enhanced P3 component in response 

to inclusion. (Gutz et al., 2015; Weinbrecht et al., 2018). However, combined ERP-fMRI 

studies have linked RewP to activation in reward-related brain regions including the ventral 

striatum, ventromedial prefrontal cortex, midcingulate and anterior cingulate (Becker et al., 
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2014; Carlson et al., 2011, and the enhanced processing of social acceptance identified in 

the current study may specifically reflect abnormalities in social reward responsiveness and 

social approach motivation. The enhanced RewP may signal the heightened drive to connect 

with others, which may underlie some of the most persistent BPF, including dependency and 

frantic efforts to avoid being alone (Choi-Kahn et al., 2010). More research combining ERP 

and fMRI methods is needed to advance understanding about the mechanisms underlying the 

profound social dysfunction associated with borderline personality features.

The heightened neural responsiveness to social acceptance feedback coupled with lower 

levels of adaptive voting of accepting peers suggests that BPF are associated with difficulties 

appropriately modulating responses following social acceptance. Prominent models of social 

information processing describe that social processing occurs in a set of stages, with 

early stages of social processing, namely encoding and interpreting social cues, impacting 

later stages of social processing involved in generating and enacting behavioral responses 

to peers. (e.g., Crick & Dodge, 1994). Our cross-sectional findings raise the possibility 

that alterations in early encoding and interpretation of social acceptance, indicated by an 

enhanced RewP, may contribute to generating and enacting maladaptive voting patterns 

identified among young adults with BPF in this study. Longitudinal multi-method research is 

needed to examine how these social acceptance processing patterns emerge and how they are 

associated with real world social functioning for individuals with elevated BPF.

Despite these intriguing findings, several limitations should be discussed. First, effects, 

while significant, were of modest size, which is common given the large sample size and 

lack of shared method variance (Patrick et al. 2013). Large effects in clinical neuroscience 

may be due, at least in part, to overestimates of effect sizes in studies with small samples 

(Button et al. 2013). Studies integrating multiple measures and levels of analysis of 

emotional and cognitive constructs of interest are essential in order to identify the clinical 

significance of findings. This point is particularly notable as an association between BPF did 

not emerge based on self-reported adaptive liking, and there was notable range in participant 

data (Figures 3 and 4). Second, we did not assess individual differences in whether 

participants believed peers were real in the full sample and this could moderate associations 

between BPF and RewP. Third, results from this non-referred sample of undergraduate 

students, measuring BPF dimensionally, may not generalize to the larger clinical population 

of adults diagnosed with borderline personality disorder. However, based on screening 

criteria, nearly 8% of our sample had elevated BPF traits, in line with previous estimates 

conducted in college-aged youth (Meaney, Hasking, & Reupert, 2016). Effects may be 

expected to be even more pronounced in a clinical sample. Fourth, we relied on self-report 

measures of psychopathology, and information from additional informants may clarify these 

results. Fifth, analyses controlled for co-occurring depression and social anxiety, some of the 

most common clinical concerns that co-occur alongside BPF. Interestingly, an association 

between BPF and RewP to social acceptance did not emerge at the bivariate level, but 

rather emerged when controlling for co-occurring depression and social anxiety. Given the 

considerable overlap in the features of depression, social anxiety, and borderline personality 

(Tomko, Trull, Wood, & Sher, 2014; Zanarini et al., 1998), our findings suggest unique 

effects of BPF on neural processing of social acceptance. Future work may consider the 
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effects of co-occurring externalizing problems and ADHD, which often co-occur with BPF 

(Matthies & Philipsen, 2014).

These findings are preliminary and require replication and extension. Research examining 

how social acceptance processing deficits are associated with social functioning outside of 

the Island Getaway task is needed. Furthermore, as there is mounting evidence that the 

developmental origins of BPF date back to childhood (Crowell et al., 2009), future work 

that seeks to understand whether these patterns emerge in younger populations is needed 

to mitigate long-term risk for developing borderline personality disorder. Psychosocial 

treatment for borderline personality has generally focused on coping with negative social 

experiences (Linehan, 2020). However, but it may be that addressing adaptive responses 

to positive social feedback are also worthwhile in treating and preventing borderline 

personality.
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Highlights

• BPF were associated with alterations in processing peer acceptance cues.

• At the neural level, BPF were associated with an enhanced RewP to 

acceptance.

• BPF were also associated with less adaptive voting in response to peer 

acceptance.

• Findings suggest impairments in modulating responses to acceptance unique 

to BPF.

• Targeting adaptive responses to acceptance may be relevant to intervention for 

BPF.
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Figure 1. 
ERP Waveform and Scalp Distributions Depicting Neural Responses to Social Feedback in 

Emerging Adults

Note. ERP waveform is at Cz. The 275–325ms time window is highlighted in the 

ERP waveform representing the reward positivity. Negative values are plotted up. Scalp 

distributions represent the 275–325 ms time window.
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Figure 2. 
ERP Waveform Depicting Neural Responses to Social Feedback in Emerging Adults Low 

and High in BPF

Note. ERP waveforms are at Cz. Negative values are plotted up. A median split was 

computed for illustrative purposes to group participants with low or high BPF.
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Figure 3. 
Scatterplot Depicting the Association Between Residual BPF and Residual RewP to 

Acceptance

Note. Unstandardized residual BPF was adjusted for depressive and social anxiety 

symptoms. Unstandardized RewP was adjusted for RewP to reject and neutral conditions.
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Figure 4. 
Scatterplot Depicting the Association Between Residual BPF and Adaptive Voting

Note. Unstandardized residual BPF was adjusted for depressive and social anxiety 

symptoms.
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