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Background: Borderline personality disorder (BPD) and bipolar disorder (BD) are common 

psychiatric diagnoses. Impulsivity and affective instability are prominent features of both 

illnesses, complicate treatment and are associated with poor clinical outcomes. Yet, little is 

known about sensorimotor control in these populations, whether they differ in their speed and 

accuracy of performance, and their ability to restore efficient performance following errors. 

 

Methods: Twenty females with DSM-IV BPD, 20 females with DSM-IV BD and 20 age- and 

cognitive-ability matched healthy control participants completed a simple, brief reaction time 

task in which two single-attribute stimuli were mapped to distinct motor responses.  

 

Results: Inspection of response latencies and errors showed that both the BPD and BD 

participants were able to respond as quickly and accurately as controls, reducing reaction 

times gently prior to errors, but that BPD participants showed prolonged post-error slowing 

(PES) before resuming normative levels of speed and accuracy. 

 

Limitations: BD and BPD participants were taking psychotropic medication. 

 

Conclusions: These findings suggest that BPD and BD individuals can achieve normative 

speed-accuracy trade-offs; but that only BPD individuals exhibit differentially slowed 

recovery following errors, indicating a specific impartment in basic sensorimotor control.  

 

Key words: bipolar disorder, borderline personality disorder, post-error slowing 
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Problems with behavioural control are a cardinal feature of both borderline personality 

disorder (BPD) and bipolar disorder (BD) (Paris, 2005; Swann et al., 2009). Clinically, these 

difficulties are often understood in terms of heightened impulsivity and its frequent 

expression in alcohol and drug misuse, risky sexual behaviours, irritability, and self-harm 

(Cassidy et al., 2001; Haw et al., 2001). Individuals with diagnoses of BPD or BD report 

elevated scores on self-report measures of motoric impulsiveness (Dougherty et al., 1999; 

Swann et al., 2004) and can exhibit corresponding impairments on Go/No-Go or Continuous 

Performance tasks that (partly) tap inhibitory action control (Rentrop et al., 2008; Silbersweig 

et al., 2007). This kind of motor or 'rapid response' impulsivity may be an important factor in 

BPD and BD (Swann et al., 2002) that complicates effective treatment and undermines the 

prospects for good clinical outcomes (Kim et al., 2013; Links et al., 1999; Sio et al., 2011). 

 

While the centrality of heightened impulsivity and behavioural control problems in BPD and 

BD is widely acknowledged (Peters et al., 2013; Sebastian et al., 2013), much less is known 

about other forms of sensorimotor control  for example, the performance of speeded 

decision or choice reaction time tasks. Efficient sensorimotor performance involves achieving 

a stable balance between speed and accuracy of cognitive-motor operations to minimise 

errors that might be costly in cognitive or emotional terms (Forstmann et al., 2010; Heitz and 

Schall, 2012). Psychomotor slowing is a common feature of several clinical populations and 

is usually associated with the presence of depressive symptoms (Bervoets et al., 2014; 

Caligiuri and Ellwanger, 2000). However, sensorimotor control performance, as balanced 

speed and accuracy of responding, in both BPD and BD remains largely unexplored. 

 

Both impulsivity and mood and affective instability in BPD and BD could plausibly 

undermine the capacity of affected individuals to achieve and then maintain stable balances 
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between the speed and accuracy of speeded reaction time performance. Impulsivity is often 

manifested as action without delay, voluntary direction or differential control by conditioned 

stimulus (as reward or punishment) (Bari and Robbins, 2013; Robbins et al., 2012). This 

might lead to (relatively) fast but error-prone patterns of behaviour in either or both BPD and 

BD (Swann et al., 2009). Similarly, trait negative urgency, as the tendency to lose 

behavioural control when experiencing negative emotions, is a prominent feature of affective 

instability in BPD (Miller et al., 2003) and a strong correlate of maladaptive behaviours 

initiated in order to regulate or relieve negative emotional states (Fischer et al., 2004). By 

contrast, trait positive urgency has been reported in euthymic BD and has been linked to poor 

psychosocial functioning (Muhtadie et al., 2014). Collectively, these clinical observations 

highlight the possibility that BPD and BD will be associated with impaired regulation of 

sensorimotor performance as a sustained optimal balance between speed and accuracy. 

 

One central aspect of sensorimotor performance is the ability to adjust performance following 

mistakes (Yeung and Summerfield, 2012). Typically, people tend to slow their responses 

once they have made an error in so-called 'post-error slowing' (PES) (Danielmeier et al., 

2011)(Laming, 1979; Rabbitt, 1967), presumably reflecting the activation of control 

processes that reset cognitive-motor operations to restore accurate responding (Dutilh et al., 

2012; Laming, 1979; Rabbitt, 1967). These error monitoring and post-error adjustments are 

mediated by midline circuits encompassing the anterior cingulate cortex (ACC) and pre-

supplementary area (Danielmeier et al., 2011; Garavan et al., 2002; King et al., 2010; Li et 

al., 2008; Ridderinkhof, 2004; Soshi et al., 2014) and can be indexed by a complex of 

electroencephalogram signals including the error-related negativity (ERN) (Botvinick et al., 

1999; Larson et al., 2014). BPD is associated with reduced ACC volume (Hazlett et al., 2005) 

and diminished task-elicited signalling within midline cortical and interconnected limbic sites 
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(Ruocco et al., 2013; Silbersweig et al., 2007; Tebartz van Elst et al., 2003). Accordingly, 

there have been two reports that ERN (and possibly, later positive) amplitudes are diminished 

following errors in BPD compared to controls (de Bruijn et al., 2006; Ruchsow et al., 2006). 

However, there has been little investigation of PES specifically in BPD or BD, and how 

effectively affected individuals recover following mistakes when making speeded decisions. 

 

Previous investigations of the ERN in BPD have involved the presentation of stimuli with 

multiple attributes sometimes mapped to the same response ('congruent' stimuli) or to 

different and competing responses ('incongruent' stimuli) (de Bruijn et al., 2006; Ruchsow et 

al., 2006). Following errors, healthy controls typically show reductions in the facilitation of 

reaction times on congruent compared to incongruent trials (the 'congruency' effect) as they 

readjust performance (Botvinick et al., 1999). By contrast, BPD individuals show no change 

in this measure, suggesting a failure to modulate an impulsive response-style following errors 

(de Bruijn et al., 2006). One difficulty with this approach, however, is that the use of multi-

attribute stimuli makes it difficult to attribute changes in post-error congruency effects (or 

ERN amplitudes) in BPD individuals to problems managing conflicts between stimulus 

attributes or difficulties recalibrating speed and accuracy of responding following errors. 

 

Here, we asked one group of females with diagnoses of DSM-IV BPD, one group of females 

with diagnoses of DSM-IV BD (tested in the euthymic state), and a group of age and 

cognitive ability-matched female healthy volunteer participants to complete a speeded binary-

choice reaction time (RT) task, with two visually-presented stimuli (an 'X' and an 'O') 

mapped to two motor responses (left index-finger and right index-finger key-presses). 
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Our design had 3 critical features. First, in contrast to previous experiments (de Bruijn et al., 

2006; Ruchsow et al., 2006), these stimuli did not involve any multiple attributes that might 

have engaged broader executive conflict-monitoring processes impaired in these groups. 

Second, the task instructions emphasised speed of responding at an explicit pre-instructed 

error rate ( 4%), allowing a test of how effectively individuals with BPD and BD can 

minimise reaction times against explicit error rates. Third, BD is associated with problems 

sustaining attention (Clark et al., 2002), raising the possibility that changes in sensorimotor 

performance in this group will be confounded by attentional failures. Therefore, in 

comparison with earlier protocols involving EEG with 500 trials (de Bruijn et al., 2006) and 

600 trials (Ruchsow et al., 2006), our task protocol was brief (only 240 trials). 

 

We tested the hypothesis that individuals with BPD (relative to BD and healthy volunteers) 

would find it difficult to maintain fast and accurate sensorimotor performance and show 

particular problems in readjusting their performance following mistakes. The results provide 

new information about the cognitive and behavioural impairments that characterise and might 

distinguish between these clinical populations (Antoniadis et al., 2012; Ghaemi et al., 2014). 

 

Method 

The experiment was funded by the Oxfordshire Health Services Research Committee and 

approved by the Oxfordshire NHS research ethics committee (OxRecA – 10/H0604/64). 

 

All participants provided written informed consent. 
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Participants 

Twenty women with DSM-IV BPD, 20 women with DSM-IV BD (but without comorbid 

BPD) and 20 healthy volunteers with no history of psychiatric illness participated. BPD traits 

were present in BD individuals (mean number of criteria met= 1.5; range: 0-3) and healthy 

volunteers (mean number of criteria met= 0.0; range: 0-2). None met criteria for diagnosis of 

BPD. Clinical groups were recruited from community settings via clinician referral, adverts 

in outpatient departments and local websites. None had required hospital admission or crisis 

team support in the preceding month. All participants were aged between 18 and 60 years. 

 

Participants were screened by an experienced psychiatrist (KS) using the SCID-1RV 

(American Psychiatric Association, 1994) and International Personality Disorders 

Examination (IPDE, Loranger et al., 1996) to confirm their eligibility. The IPDE has good 

inter-rater reliability and good temporal stability comparable to those instruments used to 

diagnose Axis 1 disorders. All participants reported Hamilton Depression Scale (HAM-D) 

scores and Young Mania Rating Scale (YMRS) scores of less than 7. 

 

Participants with current alcohol and drug misuse problems were excluded.  

 

Psychometric and self-report assessments 

Participants completed several self-report scales: the Positive and Negative Affect Scale 

(PANAS)(Watson et al., 1988), the Barratt Impulsivity Scale (BIS-11)(Patton et al., 1995) 

and the Buss-Perry Questionnaire (Buss and Perry, 1992). Cognitive ability was estimated 

using Raven's Standard Progressive Matrices (Raven et al., 2004).  
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The PANAS consists of 2 subscales of 20 items, rated using a 5-point Likert scale, to 

measure positive and negative aspects of emotional experience. Cronbach's α coefficients for 

the state (momentary) version of Positive Affect subscale and the Negative Affect subscale 

were .90 and .87 respectively (Watson et al., 1988). The BIS-11 is a 30 item questionnaire 

designed to assess the personality/behavioural construct of impulsiveness. Its items are scored 

using a 4-point scale. Here, we used the 3 subscales for motor, attentional and non-planning 

impulsivity. It has good internal consistency, with Cronbach' α coefficients of 0.83 in 

psychiatric samples (Patton et al., 1995). Finally, the Buss-Perry Aggression Questionnaire 

(AQ) is a widely used assessment of trait aggression, with 29 items rated on a 7-point Likert 

scale (Buss and Perry, 1992). In general terms, the AQ has good psychometric properties 

(Harris, 1997) but there is some uncertainty about its factor structure to measure physical 

aggression, verbal aggression, anger and hostility (Bryant and Smith, 2001). Cronbach's α for 

these subscales range between 0.72 and 0.85 (Buss and Perry, 1992).   

 

Two-choice reaction time task (as shape discrimination) 

On each trial, 1 of 2 letter characters (an 'X' or an 'O') was presented in white against a black 

background on a standard computer display. Participants (all BPD, BD and healthy 

volunteers) were instructed to press the 'c' key with the index finger of their left hand when 

the letter 'X' was presented; and the 'm' key with the index-finger of their right hand when the 

letter 'O' was presented. These letter-response assignments were not counter-balanced. 

 

Letter character stimuli were presented in Times New Roman font and were 35mm height by 

35mm wide. Viewed at a distance of approximately 300mm, they subtended a visual angle of 

6.67. On each trial, the stimuli were displayed until participants responded. An inter-trial 

interval was set at a 500ms delay between the last response and next stimulus presentation.  
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Errors were signalled by an immediate auditory tone of 523Hz. Participants completed 6 

blocks of 40 trials. At the end of each block, a feedback screen indicated the number of errors 

and mean reaction times for that block. Participants were instructed to respond as fast as 

possible but to keep the numbers of errors to a maximum of 3 or 4 per block; and that, if they 

made more than 4 errors in any block, they should slow down; if they made fewer errors than 

3 or 4 per block, participants should increase their speed of responding.  

 

EZ-diffusion model. Reaction time and accuracy were modelled using the EZ-diffusion model 

(Van Ravenzwaaij and Oberauer, 2009; Wagenmakers et al., 2007); an approach that is suited 

to the examination of individual and experimentally-manipulated differences in drift and 

boundary parameters (Van Ravenzwaaij and Oberauer, 2009; Wagenmakers et al., 2007) and 

is suitable for datasets with small sample sizes (Ratcliff, 2008; Wagenmakers et al., 2008). 

 

The EZ-diffusion model estimates drift rates v, boundary separations a, and non-decision 

times Ter from the mean reaction time (MRT), the variance of the mean reaction time (VRT) 

and the proportion of trials that were answered correctly (Pc). Thus, the model transforms 

observed variables into 3 unobserved variables, allowing statistical analysis to be conducted 

on the latent rather than observed variables; the latent variables having clear psychological 

interpretations. The drift rate (v) represents the speed of information uptake; the boundary 

separation (a) is a measure of response caution, and non-decision time (Ter) time spent on 

decision-irrelevant processes. The model was applied to all trials except trials following 

errors as there were significant between group differences in these reaction times. 

 

Post-error slowing (PES). The most popular way to quantify PES is to compare trials that 

follow errors with those that follow correct responses. However, this approach is vulnerable 
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to being confounded by longer-term changes in behaviour over the course of an experiment 

(Dutilh et al., 2012). For example, if participants' motivation wanes as the experiment 

progresses, responses become slower and less accurate. Since most correct trials will be in the 

early part of the game when motivation is higher whereas error trials will be in the later part 

of the experiment, any calculation which compare post-correct and post-error will tend to 

overestimate PES even if real post-error slowing is absent (Dutilh et al., 2012). Conversely, if 

a participant is initially slow but highly accurate but becomes faster and less accurate as the 

experiment progresses, PES may be underestimated. Here, we adopted the technique 

proposed by Dutilh et al (2012) to quantify PES by comparing RTs and error rates on 

immediately post-error trials with RTs and error rates on immediately pre-error correct trials. 

 

Statistical analysis 

Participant-group matching. Between-group differences in age, cognitive ability (as Raven's 

Standard Progressive Matrices, Raven et al., 2004) and self-report measures of trait affect, 

impulsivity and aggression were analysed by analysis of variance (ANOVA) with the single 

between-group factor of group (BPD, BD and healthy volunteers).  

 

Choice reaction time. Participants' mean reaction times (ms) for correct trials, proportionate 

error rates, EZ-diffusion model parameters (v, a, and Ter, correct trials only) and PES were 

also analysed by ANOVAs with the single between-subject factor of group. Mean reaction 

times and error rates for the 5 trials preceding errors and for the 5 trials following errors were 

tested with repeated measures ANOVAs that included the between-subject factor of group 

and the within- subject factor of trial (Pre Error Tr5, Pre Error Tr4, Pre Error Tr3, Pre Error 

Tr2 and Pre Error Tr1) or (Post Error Tr1, Post Error Tr2, Post Error Tr3, Post Error Tr4 and 

Post Error Tr5). Post-hoc test were completed with two-sample t- or Tukey tests. Error rates 
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were arcsine transformed as the variances of error rates would be proportional to their means 

(Howell, 1987). However, tables, figures and text report original untransformed data. 

 

Results 

The BPD, BD and healthy control participants were well-matched for age (F(2,57)= 0.524) 

and cognitive ability as measured by the Raven's Matrices (F(2,57)= 1.174). Symptoms of 

current depression and mood elevation were low although the BPD group reported 

significantly higher scores on the HAM-D compared to the BD group and healthy control 

participants (F(2,57)= 13.5, p<0.001, Table 1). BPD participants reported lower trait and state 

positive affect (F=4.391, p< 0.05 and F= 4.539, p< 0.05) and higher trait and state negative 

affect (F= 26.9, p<0.001 and F= 12.16, p< 0.0001) than the other 2 groups. BPD was also 

associated with elevated impulsivity (BIS-11; F= 13.275, p<.0001) and aggression 

(F(2,57)=19.618, p< .0001) compared to BD and controls. BD participants reported higher 

trait negative affect than the controls (t(38)= 3.099, p< 0.005) and reported higher levels of 

impulsivity (t(38)= 3.378, p< 0.005). While their total aggression scores did not differ from 

those of the controls, they did report significantly higher hostility (t(38)= 2.579, p< 0.05). 

 

< Table 1 about here > 

 

BPD and BD participants did not significantly differ with respect to past admissions to 

hospital (χ2(1)=1.615, p=0.204) or past detention under Mental Health legislation 

(χ2(1)=0.525). BPD participants were more likely to be taking antidepressant medication 

(χ2(1)= 3.600 p= .058) or receiving psychological treatment (χ2(1)= 6.144,p< 0.05) than the 

BD and healthy volunteers. However, overall, there was no significant difference between the 

number of participants from the two clinical groups taking psychotropic medication (χ2(1)= 
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2.133). Fourteen participants in the BPD group and 9 participants in the BD group reported 

early physical or sexual abuse compared with none in the healthy controls group; the 

difference between the two clinical groups being statistically non-significant (χ2(1)= 2.56).  

 

Choice reaction time task 

 There was no significant differences in mean latencies for correct responses between the 

BPD participants, BD participants, and the healthy controls (see Table 2) (F(2,57)= 1.787) or 

between the latencies for incorrect (error) trials (F(2,57)=0.518), or error rates 

(F(2,57)=0.617). No participant completed the choice reaction time task error-free. 

 

< Table 2 about here > 

 

EZ-diffusion model 

The three groups did not differ reliably with respect to drift rates (F(2, 57)=1.66), boundary 

separation (F(2,57)=0.195, p=0.823) or non-decision time (F(2,57)=0.507) (see Figure 1). 

 

<Figure 1 about here> 

 

Post error slowing (PES) 

Mean correct latencies tended to decrease (F(4)= 7.644, p< .0001) while errors tended to 

increase (F(4)= 7.619, p< .01) over the 5 trials preceding an incorrect response (see Figure 2). 

However, these patterns of reaction time did not differ between the BPD participants, the BD 

participants or healthy participants, F(2,57)= 2.32 and F(2, 57)= 0.012 respectively.  

 

<Figure 2 about here> 
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By contrast, mean correct latencies following an error differed between groups (see Figure 2), 

F(2,57)= 6.598,p< 0.005). Following Dutihl et al (2012), PES (estimated as the difference 

between mean reaction times on the immediately post- and pre-error trials) was significantly 

greater in the BPD than in BD participants or healthy volunteers (see Figures 2 and 3). Post-

hoc Tukey tests indicated that PES was significantly greater in BPD participants compared 

with the BD participants (p<0.05) and healthy control (p<0.05). PES in the BD participants 

was marginally larger than in the controls; however, this difference was not reliable (p=.774). 

 

Finally, the increased PES in the BPD compared to the BD and healthy participants did not 

persist beyond the first trial following an error. Neither mean correct latencies nor errors 

differed over the subsequent 4 trials (see Figure 2)(F(2,57)=0.098 and F(2, 57)= 0.177).  

 

Correlational analysis 

There were no significant associations between overall mean reaction times, reaction times 

for correct or error trials, error rates, any EZ-diffusion parameters (v, a, and Ter) and 

impulsivity as measured as BIS-11 scores within or pooling across participant groups. PES 

was not significantly correlated with BIS-11 scores in any of the groups (-.108=<r=<.290).  

 

Discussion  

BPD and BD I are both characterised by high levels of impulsivity and poor behavioural 

control that complicate their treatment and undermine good clinical outcomes (Kim et al., 

2013; Links et al., 1999; Sio et al., 2011). While recent investigations indicate that BPD and 

BD can be distinguished using clinical, historical and personality characteristics (Bayes et al., 

2014; Bayes et al., 2016) and in terms of affective features (Pauselli et al., 2015), relatively 
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little is known about the extent of impairments in basic aspects of sensorimotor performance 

that might be linked to the impulsivity and affective instability of these two disorders. 

  

Detailed inspection of the pattern of response latencies and errors showed essentially normal 

sensorimotor performance in both clinical groups prior to errors, but then markedly 

prolonged PES in the BPD participants compared to both the BD participants and healthy 

control participants. Notably, the prolonged PES in the BPD was transitory, with reaction 

time and error rates returning to levels comparable to the BD participants and controls with 

one trial. Therefore, our findings demonstrate a specific punctate change in sensorimotor 

performance apparent in BPD individuals but not (euthymic) BD I individuals, possibly 

reflecting divergent manifestations of their characteristic impulsivity and affective instability. 

 

Previous investigations of error-processing in BPD have involved multi-attribute 'flanker' 

stimuli in which two stimulus features map either to the same motor (or No-Go) responses on 

congruent trials or to conflicting motor (or No-Go) responses on incongruent trials (de Bruijn 

et al., 2006; Rentrop et al., 2008; Ruchsow et al., 2006). These experiments tend to show that, 

compared to controls, BPD patients exhibit increased reaction times for correct responses 

compared to controls when the stimulus features map to distinct motor responses (de Bruijn 

et al., 2006), but unchanged or faster reaction times (with more errors) when stimulus 

features map to go versus no-go responses (Rentrop et al., 2008; Ruchsow et al., 2006). 

Consistent with other findings that individuals with diagnoses of BPD are not consistently 

impaired in the performance of Go/No-Go tasks (van Eijk et al., 2015), our findings extend 

this evidence-base by demonstrating that, under conditions of single-attribute stimuli mapped 

to distinct motor responses, individuals with BPD (and individuals with BD) can respond as 

quickly and accurately as controls, replicating earlier findings of marginal facilitation of 
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reactions time speed, and improved accuracy, prior to errors (Laming, 1979; Rabbitt, 1967). 

Thus, these findings show that neither BPD and BD are necessarily associated with gross 

failures to achieve and manage stable speed-accuracy trade-offs (Heitz and Schall, 2012).  

 

While the BPD participants and BD participants were indistinguishable in terms of their 

performance prior to errors, their latencies to respond on the first trial following an error was 

markedly lengthened compared to the BD and healthy volunteers; suggesting that prolonged 

PES may be a specific feature of BPD. Previous investigations using 'flanker' stimuli show 

that, in comparison with healthy and non-clinical participants, BPD participants continue to 

show congruency effects over reaction times following errors (de Bruijn et al., 2006), 

diminished ERN amplitudes and sometimes diminished Pe amplitudes (de Bruijn et al., 2006; 

Ruchsow et al., 2006). The present findings, collected with single-attribute stimuli mapped to 

distinct motor responses, demonstrate that BPD is associated with prolonged PES in the 

absence of the need to manage attentional and response-based conflicts triggered by multi-

dimensional stimuli (Botvinick et al., 1999; Yeung and Summerfield, 2012). 

 

PES is very likely a highly complex behavioural phenomenon, probably reflecting the 

operation of co-occurring cognitive control processes (Dutilh et al., 2012; Regev and Meiran, 

2014; Soshi et al., 2014; Yeung and Summerfield, 2012). These mechanisms include 

increased response caution (such that errors prompt individuals to accumulate more 

information before making a following decision)(Rabbitt and Rodgers, 1977), an a priori bias 

(such that people become negatively-biased against response options that just produced errors 

(Rabbitt and Rodgers, 1977), decreased variability in bias (such that errors induce individuals 

to improve the timing of the onset of information accumulation, Laming, 1979), orienting or 

attentional towards error signals as infrequent and/or surprising events (Notebaert et al., 
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2009), or delayed start-up (such that errors delay the start of evidence accumulation while 

individuals reassess their own performance and overcome disappointment (Rabbitt and 

Rodgers, 1977). Using a database of 1,094,886 lexical decisions, Dutilh et al (2012) 

demonstrated that increased response caution in drift-diffusion models accounts almost 

exclusively for PES in healthy volunteers, suggesting that PES can be explained in terms of 

self-regulation processes and cognitive control: that is, individuals alter response thresholds 

by speeding up after each correct response but being more cautious following errors. 

 

In principle the increased PES observed here in the BPD participants might involve any of 

the above. However, we tentatively suggest that it reflects a temporary caution following 

errors of commission, signalled here by the absence of any increase in errors thereafter 

(relative to the BD and controls). The finding that the PES in BPD participants was not 

evident beyond a single trial and that reaction time and accuracy returned to pre-error levels 

suggests a single discrete adjustment of their speed-accuracy trade-offs. Rentrop et al (2008) 

report an absence of PES in BPD participants compared to controls while performing a 

sequential Go/No-Go task, suggesting that BPD is associated with impairments in managing 

speed-accuracy trade-offs. Our findings, using a short, simplified two-choice reaction time 

task (without attentional conflicts), refute this assertion and indicate that individuals with 

diagnosis of BPD can slow their speed of responding to restore an explicit error rate.  

 

Possibly, these changes in PES relate to structural and functional features of BPD. Post-error 

adjustments are mediated by action-monitoring processes supported in the medial prefrontal 

cortex and ACC (Botvinick et al., 1999; Danielmeier et al., 2011; Garavan et al., 2002; 

Koban and Pourtois, 2014; Ridderinkhof, 2004; Soshi et al., 2014; Van Veen and Carter, 

2002). BPD is associated with reduced ACC volumes (Hazlett et al., 2005; Tebartz van Elst 
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et al., 2003) and diminished neural signalling within the medial prefrontal cortex and ACC 

linked to affective features (Ruocco et al., 2013) or behavioural inhibition under emotionally 

negative (Silbersweig et al., 2007) but not emotionally neutral conditions (van Eijk et al., 

2015). Errors during the performance of our binary-choice reaction time task were signalled 

by auditory cues, raising the possibility that the prolonged PES observed in our BPD 

compared to BD participants also reflects emotional or attentional responses to this feedback. 

 

Finally, neuropsychological assessments have consistently shown that euthymic BD I patients 

show longer reaction times and increased numbers of errors while completing continuous-

performance task (CPT, Lee et al., 2015; Torres et al., 2010), possibly reflecting impairments 

in sustained attention (Bourne et al., 2013; Clark et al., 2005). Our findings that euthymic BD 

participants exhibit choice reaction times, error rates and PES comparable with age and 

ability-matched healthy controls is consistent with observations that deficits in sustained 

attention relate to changes in target detection and response bias (Harmer et al., 2002). 

  

Limitations 

We acknowledge a number of limitations to the study. First, although larger than three 

previous studies (deBrujin et al., 2006, Ruschow et al., 2006; Vega et al., 2015), the sample 

size of the present current study is relatively small. Second, the relatively low number of 

errors meant that we were unable to compare the EZ-model parameters for pre- and post-error 

trials (Dutilh et al., 2012). Third, the BPD and BD groups were taking psychotropic 

medication, possibly slowing reaction times. However, we did not find any evidence of 

between-group differences in reaction times beyond PES and the two clinical groups were 

broadly matched for medications, with the exception of antidepressants. In healthy non-

clinical samples, single doses of SSRIs can impair reaction times on a variety of 
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neuropsychological tests; by contrast, the effects of multiple dose studies in healthy 

volunteers are inconsistent (Serretti et al., 2010). The impact of SSRIs upon response times in 

BPD is unknown so we cannot rule out the possibility that their use in the present experiment 

is a confounding factor. Finally, although previous studies have explored the impact of state 

negative affect on PES and have found only very limited effects upon performance (Hajcak et 

al., 2004; Olvet and Hajcak, 2012), our sample of BPD individuals reported significantly high 

levels of state negative affect than our control participants, raising the possibility that our 

findings reflect, at least to some extent, differences in momentary emotional experience. 

 

Notwithstanding these concerns, the present findings demonstrate that individuals with 

diagnoses of DSM-IV BPD, but not individuals with diagnoses of DSM-IV BD, exhibit 

unchanged response times and error rates, but prolonged PES, while performing a short two-

choice reaction time task to an explicit error rate. These findings indicate that BPD may be 

associated with a specific problem in action-monitoring processes operating following errors. 



19 
 

Acknowledgements 

The authors would like to thank Judi Read for her assistance with the study and lab 

administration. 

 

Authors' contributions 

Prof Rogers and Dr Saunders devised the rationale for the study; Dr Saunders and Prof 

Rogers and Goodwin designed the study; Dr Saunders collected the data; Dr Saunders and 

Prof Rogers analysed the data; all three authors were responsible for writing the manuscript. 

 

Financial disclosures 

Dr Saunders reported no biomedical financial interests or potential conflicts of interests. Prof 

Rogers holds a consultancy agreement with Pfizer and holds grants from the Medical 

Research Council and the Responsible Gambling Trust. Prof Goodwin holds grants from 

Bailly Thomas, Medical Research Council, NIHR,Servier, holds shares in P1vital and has 

served as consultant, advisor or CME speaker for AstraZeneca, BMS, Boehringer Ingelheim, 

Cephalon/Teva Janssen-Cilag, Eli Lilly, Lundbeck, Otsuka, P1Vital, Roche, Servier, Shering 

Plough, Shire, Sunovion, Takeda. 

 

Role of the funding source  

This study was funded by the Oxfordshire Health Services Research Committee. The funder 

did not have any role in the design and conduct of the study; collection, management, 

analysis and interpretation of the data, preparation, review, or approval of the manuscript; or 

the decision to submit the manuscript for publication. 

 

  



20 
 

References 
American Psychiatric Association, 1994. Diagnostic and Statistical Manual of Mental Disorders, 4th 
Edition. 
Antoniadis, D., Samakouri, M., Livaditis, M., 2012. The association of bipolar spectrum disorders and 
borderline personality disorder. Psychiatr Q 83, 449-465. 
Bari, A., Robbins, T.W., 2013. Inhibition and impulsivity: behavioral and neural basis of response 
control. Progress in neurobiology 108, 44-79. 
Barratt, E.S., 1965. Factor Analysis of Some Psychometric Measures of Impulsiveness and Anxiety. 
Psychol Rep 16, 547-554. 
Bayes, A., Parker, G., Fletcher, K., 2014. Clinical differentiation of bipolar II disorder from borderline 
personality disorder. Curr Opin Psychiatry 27, 14-20. 
Bayes, A.J., McClure, G., Fletcher, K., Roman Ruiz Del Moral, Y.E., Hadzi-Pavlovic, D., Stevenson, J.L., 
Manicavasagar, V.L., Parker, G.B., 2016. Differentiating the bipolar disorders from borderline 
personality disorder. Acta Psychiatr Scand 133, 187-195. 
Bervoets, C., Docx, L., Sabbe, B., Vermeylen, S., Van Den Bossche, M.J., Morsel, A., Morrens, M., 
2014. The nature of the relationship of psychomotor slowing with negative symptomatology in 
schizophrenia. Cognitive neuropsychiatry 19, 36-46. 
Botvinick, M.M., Nystrom, L.E., Fissell, K., Carter, C.S., Cohen, J.D., 1999. Conflict Monitoring Versus 
Selection-for-Action in Anterior Cingulate Cortex. Nature 402, 179-181. 
Bourne, C., Aydemir, O., Balanza-Martinez, V., Bora, E., Brissos, S., Cavanagh, J.T., Clark, L., 
Cubukcuoglu, Z., Dias, V.V., Dittmann, S., Ferrier, I.N., Fleck, D.E., Frangou, S., Gallagher, P., Jones, L., 
Kieseppa, T., Martinez-Aran, A., Melle, I., Moore, P.B., Mur, M., Pfennig, A., Raust, A., Senturk, V., 
Simonsen, C., Smith, D.J., Bio, D.S., Soeiro-de-Souza, M.G., Stoddart, S.D., Sundet, K., Szoke, A., 
Thompson, J.M., Torrent, C., Zalla, T., Craddock, N., Andreassen, O.A., Leboyer, M., Vieta, E., Bauer, 
M., Worhunsky, P.D., Tzagarakis, C., Rogers, R.D., Geddes, J.R., Goodwin, G.M., 2013. 
Neuropsychological testing of cognitive impairment in euthymic bipolar disorder: an individual 
patient data meta-analysis. Acta Psychiatr Scand 128, 149-162. 
Bryant, F.B., Smith, B.D., 2001. Refining the architecture of aggression: A measurement model for 
the Buss–Perry Aggression Questionnaire. Journal of Research in Personality 35, 138-167. 
Buss, A.H., Perry, M., 1992. The aggression questionnaire. J Pers Soc Psychol 63, 452-459. 
Caligiuri, M.P., Ellwanger, J., 2000. Motor and cognitive aspects of motor retardation in depression. J 
Affect Disord 57, 83-93. 
Cassidy, F., Ahearn, E.P., Carroll, B.J., 2001. Substance abuse in bipolar disorder. Bipolar Disord 3, 
181-188. 
Clark, L., Iversen, S.D., Goodwin, G.M., 2002. Sustained attention deficit in bipolar disorder. Br J 
Psychiatry 180, 313-319. 
Clark, L., Kempton, M.J., Scarna, A., Grasby, P.M., Goodwin, G.M., 2005. Sustained attention-deficit 
confirmed in euthymic bipolar disorder but not in first-degree relatives of bipolar patients or 
euthymic unipolar depression. Biol Psychiatry 57, 183-187. 
Danielmeier, C., Eichele, T., Forstmann, B.U., Tittgemeyer, M., Ullsperger, M., 2011. Posterior medial 
frontal cortex activity predicts post-error adaptations in task-related visual and motor areas. J 
Neurosci 31, 1780-1789. 
de Bruijn, E.R., Grootens, K.P., Verkes, R.J., Buchholz, V., Hummelen, J.W., Hulstijn, W., 2006. Neural 
correlates of impulsive responding in borderline personality disorder: ERP evidence for reduced 
action monitoring. J Psychiatr Res 40, 428-437. 
Dougherty, D.M., Bjork, J.M., Huckabee, H.C., Moeller, F.G., Swann, A.C., 1999. Laboratory measures 
of aggression and impulsivity in women with borderline personality disorder. Psychiatry research 85, 
315-326. 
Dutilh, G., Vandekerckhove, J., Forstmann, B.U., Keuleers, E., Brysbaert, M., Wagenmakers, E.J., 
2012. Testing theories of post-error slowing. Attention, perception & psychophysics 74, 454-465. 



21 
 

Fischer, S., Anderson, K.G., Smith, G.T., 2004. Coping with distress by eating or drinking: role of trait 
urgency and expectancies. Psychology of addictive behaviors : journal of the Society of Psychologists 
in Addictive Behaviors 18, 269-274. 
Forstmann, B.U., Anwander, A., Schafer, A., Neumann, J., Brown, S., Wagenmakers, E.J., Bogacz, R., 
Turner, R., 2010. Cortico-striatal connections predict control over speed and accuracy in perceptual 
decision making. Proc Natl Acad Sci U S A 107, 15916-15920. 
Garavan, H., Ross, T.J., Murphy, K., Roche, R.A., Stein, E.A., 2002. Dissociable executive functions in 
the dynamic control of behavior: inhibition, error detection, and correction. Neuroimage 17, 1820-
1829. 
Ghaemi, S.N., Dalley, S., Catania, C., Barroilhet, S., 2014. Bipolar or borderline: a clinical overview. 
Acta Psychiatr Scand 130, 99-108. 
Hajcak, G., McDonald, N., Simons, R.F., 2004. Error-related psychophysiology and negative affect. 
Brain and cognition 56, 189-197. 
Harmer, C.J., Clark, L., Grayson, L., Goodwin, G.M., 2002. Sustained attention deficit in bipolar 
disorder is not a working memory impairment in disguise. Neuropsychologia 40, 1586-1590. 
Harris, J.A., 1997. A further evaluation of the Aggression Questionnaire: issues of validity and 
reliability. Behav Res Ther 35, 1047-1053. 
Haw, C., Hawton, K., Houston, K., Townsend, E., 2001. Psychiatric and personality disorders in 
deliberate self-harm patients. Br J Psychiatry 178, 48-54. 
Hazlett, E.A., New, A.S., Newmark, R., Haznedar, M.M., Lo, J.N., Speiser, L.J., Chen, A.D., 
Mitropoulou, V., Minzenberg, M., Siever, L.J., Buchsbaum, M.S., 2005. Reduced anterior and 
posterior cingulate gray matter in borderline personality disorder. Biological psychiatry 58, 614-623. 
Heitz, R.P., Schall, J.D., 2012. Neural mechanisms of speed-accuracy tradeoff. Neuron 76, 616-628. 
Howell, D.C., 1987. Statistical methods for psychology, 2nd ed. Duxbury Press, Boston. 
Kim, Y.S., Cha, B., Lee, D., Kim, S.M., Moon, E., Park, C.S., Kim, B.J., Lee, C.S., Lee, S., 2013. The 
Relationship between Impulsivity and Quality of Life in Euthymic Patients with Bipolar Disorder. 
Psychiatry Investig 10, 246-252. 
King, J.A., Korb, F.M., von Cramon, D.Y., Ullsperger, M., 2010. Post-error behavioral adjustments are 
facilitated by activation and suppression of task-relevant and task-irrelevant information processing. 
J Neurosci 30, 12759-12769. 
Koban, L., Pourtois, G., 2014. Brain systems underlying the affective and social monitoring of actions: 
an integrative review. Neurosci Biobehav Rev 46 Pt 1, 71-84. 
Laming, D., 1979. Autocorrelation of choice-reaction times. Acta Psychol (Amst) 43, 381-412. 
Larson, M.J., Clayson, P.E., Clawson, A., 2014. Making sense of all the conflict: a theoretical review 
and critique of conflict-related ERPs. Int J Psychophysiol 93, 283-297. 
Lee, R.S., Hermens, D.F., Naismith, S.L., Lagopoulos, J., Jones, A., Scott, J., Chitty, K.M., White, D., 
Robillard, R., Scott, E.M., Hickie, I.B., 2015. Neuropsychological and functional outcomes in recent-
onset major depression, bipolar disorder and schizophrenia-spectrum disorders: a longitudinal 
cohort study. Translational psychiatry 5, e555. 
Li, C.S., Huang, C., Yan, P., Paliwal, P., Constable, R.T., Sinha, R., 2008. Neural correlates of post-error 
slowing during a stop signal task: a functional magnetic resonance imaging study. J Cogn Neurosci 
20, 1021-1029. 
Links, P.S., Heslegrave, R., van Reekum, R., 1999. Impulsivity: core aspect of borderline personality 
disorder. J Pers Disord 13, 1-9. 
Loranger, A., Sartorius, N., Janca, A., eds, 1996. Assessment and Diagnosis of Personality Disorders: 
The International Personality Disorder Examination (IPDE). Cambridge University Press, New York, 
NY:. 
Miller, J., Flory, K., Lynam, D.R., Leukefeld, C., 2003. A test of the four-factor model of impulsivity-
related traits. Personality and Individual Differences 34, 1403-1418. 
Muhtadie, L., Johnson, S.L., Carver, C.S., Gotlib, I.H., Ketter, T.A., 2014. A profile approach to 
impulsivity in bipolar disorder: the key role of strong emotions. Acta Psychiatr Scand 129, 100-108. 



22 
 

Notebaert, W., Houtman, F., Opstal, F.V., Gevers, W., Fias, W., Verguts, T., 2009. Post-error slowing: 
an orienting account. Cognition 111, 275-279. 
Olvet, D.M., Hajcak, G., 2012. The error-related negativity relates to sadness following mood 
induction among individuals with high neuroticism. Social cognitive and affective neuroscience 7, 
289-295. 
Paris, J., 2005. Borderline personality disorder. CMAJ 172, 1579-1583. 
Patton, J.H., Stanford, M.S., Barratt, E.S., 1995. Factor structure of the Barratt impulsiveness scale. J 
Clin Psychol 51, 768-774. 
Pauselli, L., Verdolini, N., Santucci, A., Moretti, P., Quartesan, R., 2015. Bipolar and Borderline 
Personality Disorders: a descriptive comparison of psychopathological aspects in patients discharged 
from an Italian Inpatient Unit using PANSS and BPRS. Psychiatr Danub 27 Suppl 1, S170-176. 
Peters, J.R., Upton, B.T., Baer, R.A., 2013. Brief report: relationships between facets of impulsivity 
and borderline personality features. J Pers Disord 27, 547-552. 
Rabbitt, P., 1967. Time to detect errors as a function of factors affecting choice-response time. Acta 
Psychol (Amst) 27, 131-142. 
Rabbitt, P., Rodgers, B., 1977. What does a man do after an error? An analysis of response 
programming. Quarterly Journal of Experimental Psychology 29, 727-743. 
Ratcliff, R., 2008. The EZ diffusion method: too EZ? Psychonomic bulletin & review 15, 1218-1228. 
Raven, J., Raven, J., Court, J., 2004. Manual for Raven's Progressive Matrices and Vocabulary Scales. 
Harcourt Assessment., San Antonio, TX: . 
Regev, S., Meiran, N., 2014. Post-error slowing is influenced by cognitive control demand. Acta 
Psychol (Amst) 152, 10-18. 
Rentrop, M., Backenstrass, M., Jaentsch, B., Kaiser, S., Roth, A., Unger, J., Weisbrod, M., Renneberg, 
B., 2008. Response inhibition in borderline personality disorder: performance in a Go/Nogo task. 
Psychopathology 41, 50-57. 
Ridderinkhof, K., Ullsperger M, Crone EA, Niewenhius S, 2004. The role of the medial frontal cortex 
in cognitive control. Science 306, 443-447. 
Robbins, T.W., Gillan, C.M., Smith, D.G., de Wit, S., Ersche, K.D., 2012. Neurocognitive 
endophenotypes of impulsivity and compulsivity: towards dimensional psychiatry. Trends in 
cognitive sciences 16, 81-91. 
Ruchsow, M., Walter, H., Buchheim, A., Martius, P., Spitzer, M., Kachele, H., Gron, G., Kiefer, M., 
2006. Electrophysiological correlates of error processing in borderline personality disorder. Biol 
Psychol 72, 133-140. 
Ruocco, A.C., Amirthavasagam, S., Choi-Kain, L.W., McMain, S.F., 2013. Neural correlates of negative 
emotionality in borderline personality disorder: an activation-likelihood-estimation meta-analysis. 
Biol Psychiatry 73, 153-160. 
Sebastian, A., Jacob, G., Lieb, K., Tuscher, O., 2013. Impulsivity in borderline personality disorder: a 
matter of disturbed impulse control or a facet of emotional dysregulation? Curr Psychiatry Rep 15, 
339. 
Serretti, A., Calati, R., Goracci, A., Di Simplicio, M., Castrogiovanni, P., De Ronchi, D., 2010. 
Antidepressants in healthy subjects: what are the psychotropic/psychological effects? European 
neuropsychopharmacology : the journal of the European College of Neuropsychopharmacology 20, 
433-453. 
Silbersweig, D., Clarkin, J.F., Goldstein, M., Kernberg, O.F., Tuescher, O., Levy, K.N., Brendel, G., Pan, 
H., Beutel, M., Pavony, M.T., Epstein, J., Lenzenweger, M.F., Thomas, K.M., Posner, M.I., Stern, E., 
2007. Failure of frontolimbic inhibitory function in the context of negative emotion in borderline 
personality disorder. Am J Psychiatry 164, 1832-1841. 
Sio, I.T., Chanen, A.M., Killackey, E.J., Gleeson, J., 2011. The relationship between impulsivity and 
vocational outcome in outpatient youth with borderline personality features. Early Interv Psychiatry 
5, 249-253. 



23 
 

Soshi, T., Ando, K., Noda, T., Nakazawa, K., Tsumura, H., Okada, T., 2014. Post-error action control is 
neurobehaviorally modulated under conditions of constant speeded response. Front Hum Neurosci 
8, 1072. 
Swann, A.C., Bjork, J.M., Moeller, F.G., Dougherty, D.M., 2002. Two models of impulsivity: 
relationship to personality traits and psychopathology. Biol Psychiatry 51, 988-994. 
Swann, A.C., Dougherty, D.M., Pazzaglia, P.J., Pham, M., Moeller, F.G., 2004. Impulsivity: a link 
between bipolar disorder and substance abuse. Bipolar disorders 6, 204-212. 
Swann, A.C., Lijffijt, M., Lane, S.D., Steinberg, J.L., Moeller, F.G., 2009. Increased trait-like impulsivity 
and course of illness in bipolar disorder. Bipolar Disord 11, 280-288. 
Tebartz van Elst, L., Hesslinger, B., Thiel, T., Geiger, E., Haegele, K., Lemieux, L., Lieb, K., Bohus, M., 
Hennig, J., Ebert, D., 2003. Frontolimbic brain abnormalities in patients with borderline personality 
disorder: a volumetric magnetic resonance imaging study. Biol Psychiatry 54, 163-171. 
Torres, I.J., DeFreitas, V.G., DeFreitas, C.M., Kauer-Sant'Anna, M., Bond, D.J., Honer, W.G., Lam, 
R.W., Yatham, L.N., 2010. Neurocognitive functioning in patients with bipolar I disorder recently 
recovered from a first manic episode. J Clin Psychiatry 71, 1234-1242. 
van Eijk, J., Sebastian, A., Krause-Utz, A., Cackowski, S., Demirakca, T., Biedermann, S.V., Lieb, K., 
Bohus, M., Schmahl, C., Ende, G., Tuscher, O., 2015. Women with borderline personality disorder do 
not show altered BOLD responses during response inhibition. Psychiatry Res 234, 378-389. 
Van Ravenzwaaij, D., Oberauer, K., 2009. How to use the diffusion model: monte carlo simulations 
evaluating parameter recovery of three methods: EZ, Fast-DM and DMAT. Journal of Mathematical 
Psychology 53, 468-475. 
Van Veen, V., Carter, C.S., 2002. The timing of action-monitoring processes in the anterior cingulate 
cortex. Journal of cognitive neuroscience 14, 593-602. 
Wagenmakers, E.J., van der Maas, H.L., Dolan, C.V., Grasman, R.P., 2008. EZ does it! Extensions of 
the EZ-diffusion model. Psychonomic bulletin & review 15, 1229-1235. 
Wagenmakers, E.J., van der Maas, H.L., Grasman, R.P., 2007. An EZ-diffusion model for response 
time and accuracy. Psychonomic bulletin & review 14, 3-22. 
Watson, D., Clark, L.A., Tellegen, A., 1988. Development and validation of brief measures of positive 
and negative affect: the PANAS scales. J Pers Soc Psychol 54, 1063-1070. 
Yeung, N., Summerfield, C., 2012. Metacognition in human decision-making: confidence and error 
monitoring. Philos Trans R Soc Lond B Biol Sci 367, 1310-1321. 
 

 

  



24 
 

Figure 1. Mean (±standard errors) EZ-diffusion model parameters for 20 individuals with 

DSM-IV borderline personality disorder, 20 (euthymic) individuals with DSM-IV bipolar 

disorder and 20 non-clinical healthy controls in a simple choice reaction task. 



25 
 

 

Figure 2. Mean reaction times (±standard errors) and error rates (±standard errors) for the 5 

trials preceding an incorrect response, the error trial and the 5 trials following an incorrect 

response in 20 individuals with DSM-IV borderline personality disorder, 20 (euthymic) 

individuals with DSM-IV bipolar disorder and 20 non-clinical healthy controls in a binary 

choice reaction task. 
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Figure 3. Post error slowing (±standard errors) in 20 individuals with DSM-IV borderline 

personality disorder, 20 (euthymic) individuals with DSM-IV bipolar disorder and 20 non-

clinical healthy controls in a simple choice reaction task. 

 

 

 


