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Abstract

The present study investigated the association between traits of the Five Factor Model of Personality (Neuroticism,
Extraversion, Openness for Experiences, Agreeableness, and Conscientiousness) and neural correlates of error monitoring
obtained from a combined Eriksen-Flanker-Go/NoGo task during event-related functional magnetic resonance imaging in
27 healthy subjects. Individual expressions of personality traits were measured using the NEO-PI-R questionnaire.
Conscientiousness correlated positively with error signaling in the left inferior frontal gyrus and adjacent anterior insula
(IFG/al). A second strong positive correlation was observed in the anterior cingulate gyrus (ACC). Neuroticism was negatively
correlated with error signaling in the inferior frontal cortex possibly reflecting the negative inter-correlation between both
scales observed on the behavioral level. Under present statistical thresholds no significant results were obtained for
remaining scales. Aligning the personality trait of Conscientiousness with task accomplishment striving behavior the
correlation in the left IFG/al possibly reflects an inter-individually different involvement whenever task-set related memory
representations are violated by the occurrence of errors. The strong correlations in the ACC may indicate that more
conscientious subjects were stronger affected by these violations of a given task-set expressed by individually different,
negatively valenced signals conveyed by the ACC upon occurrence of an error. Present results illustrate that for predicting
individual responses to errors underlying personality traits should be taken into account and also lend external validity to
the personality trait approach suggesting that personality constructs do reflect more than mere descriptive taxonomies.
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Introduction middle frontal gyrus known to be involved in planning and

) ) ) ) ‘ volitional control of behavior. Investigating the functional
Personality traits are defined as habitual patterns of thoughts,

emotions and behavioral tendencies which are considered to be
relatively stable over time, to differ among individuals, and to
influence behavior. One of the most influential trait theories is the
Five Factor Model (FFM) of personality [1] describing the five
most common and overarching personality traits, the so-called
“Big Five”, namely Neuroticism, Extraversion, Openness to
Experience, Agreeableness and Conscientiousness. Recent imag-
ing studies on the neurobiological underpinnings of Big Five traits
have mainly focused on Neuroticism and Extraversion [2]. Using
voxel-based morphometry, Neuroticism was reported to be
negatively associated with gray matter (GM) concentration in
the right amygdala, while Extraversion was positively associated
with GM concentration in the left amygdala [3]. Another study
reported a relationship between Extraversion and anatomical size
of the orbitofrontal cortex (OFC) [4]. Associations between sizes of
specific brain areas and all traits of the FFM have recently been
investigated in a sample of 116 healthy adults [5]. In this study,
Agreeableness covaried with GM volume in the posterior superior
temporal sulcus and posterior cingulate cortex, Extraversion and
Neuroticism covaried with volume of brain regions involved in the
processing of reward, punishment, and negative affect, and
Conscientiousness covaried with increased volume of the left

connectivity of brain regions during the resting state of the brain
(no functional challenge), Extraversion was shown to modulate
connectivity between brain regions involved in the processing of
reward and motivation, while Neuroticism was associated with
resting state connectivity between brain regions involved in self-
evaluation and fear [6]. In the same study, Openness to
Experience was correlated with increased connectivity in the
dorsolateral prefrontal cortex (DLPFC).

Functional magnetic resonance imaging (fMRI) studies have
shown that Extraversion and Neuroticism modulate neural activity
in prefrontal and subcortical brain regions during affective
processing. In a mood induction paradigm, increased activation
of amygdala in response to happy faces was positively correlated
with Extraversion [7], while Neuroticism increased amygdala
activation upon negative facial expressions [8]. Similarly, de-
creased functional connectivity between the anterior cingulate
cortex (ACC) and the amygdala during processing of negative
emotional facial expressions was correlated with Neuroticism [9].
Based on these previous findings on significant brain-trait
relationships, in the present study we sought to investigate the
modulating effect of Big Five personality traits on neural activity
asssociated with error signaling. This specific process, which
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indicates an actual incongruence between an intended and
performed action [10], appears as a necessary prerequisite to
initiate ensuing error related processing, as for example post-error
adjustments of neural resources to re-improve performance rates
[11]. The neural system involved in error signaling has been
intensively investigated in electrophysiological [12] and fMRI
studies [13]. These studies identified the ACC together with the
adjacent pre-supplementary motor area (pre-SMA) [14,15,16,17]
as core neural substrates of error processing. Additionally, previous
studies have reported increased error related activation of the
lateral inferior frontal cortex encompassing the frontal operculum
and parts of the anterior insular [17,18,19,20,21,22 23].

Electrophysiological studies have already examined the modu-
lation of error signaling by individual expressions of different
personality characteristics such as sociality [24], impulsiveness
[25], negative emotionality [26] or general anxiety [27]. For
modulating influences of the Big Five personality traits, a recent
event-related potential study indicated that individuals scoring
high on Neuroticism showed increased error-related negativity
(ERN) in response to errors during an arrow version of the Flanker
Task [28]. Assessing the personality trait “persistence’” as an
analogue to the Big Five trait Conscientiousness, a less pronounced
decrease of the ERN after reward manipulation was observed in
more conscientious subjects [29]. This finding is consistent with
those from a previous study showing that individuals with greater
individual expressions of Conscientiousness demonstrated smaller
motivation-related variation in error signaling [30]. In contrast, to
date, no functional MRI studies have been conducted investigating
the association between Big Five personality traits and error
processing. However, Horn and colleagues investigated in a fMRI
study the impact of impulsivity on error processing during a
GoNogo-task. Many trait theorists consider Extraversion and
Impulsivity to subsume similar emotional, cognitive, and behav-
ioral patterns sharing the same biological underpinnings [31,32].
The authors identified an association between Eysenck’s impul-
sivity score on a single factor and the engagement of right
orbitofrontal cortex in impulsive individuals [33].

Our intention in the present investigation was to explore, if, and
to which extent, Big Five personality traits modulate cerebral
activation during a basic, well-defined, circumscribed, and already
well-investigated executive process such as error processing. Error
signaling is a fundamental human cognitive function, which
provides important evaluative information by indicating incon-
gruence between intentions and actions, and therefore is crucial
for adjustment of behavior [10]. However, not all individuals are
equally effective in behavioral, cognitive, and affective processing
of errors, with some committing more errors than others, some
avoiding errors more than others, and some others being more
bothered by the occurrence of an error than other subjects. Thus,
while an interplay between error processing and personality traits
seems apparent on a behavioral way, it seems inviting to
investigate such an interplay at a neurofunctional level.

To further explore neurobiological implications of personality
traits in the domain of error processing, we employed a well-
established Eriksen-Flanker/GoNogo-task during event-related
fMRI. In two previous studies [34,35] this task has been shown
to produce robust individual error signals. Individual heights of
this error signal were tested on their correlation with individual
expressions of all of the Big Five personality traits. Since studies so
far either reported significant findings for a subset of these traits, or
were using different tasks during fMRI, or employed electrophys-
iological signals, in the present study specific expectations on
anatomical location, extent and directions of correlations for each
of the five different traits could not be formulated. In order to
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avoid biasing the neural process of interest, testing on significant
correlations was locally constrained to the neural network reliably
involved in error signaling at the group level. Hence, for some of
the brain regions discussed above no correlations were to expect
since these regions have not been shown to play a major role in the
neural “error matrix”. Conversely, some of the psychological
mechanisms involved in each of the FFM’s traits will most likely
not be triggered by error signaling so that not all traits were
expected to correlate. Specifically, Agreeableness has been related
to psychological mechanisms involved in social information
processing which however was not tested by the present task
(but kept included to test on discriminant validity). On the other
side, Openness to Experience involves psychological mechanisms
of flexible and effective information processing which in turn can
be linked to prefrontal functions of attentional control [30] that
align with the present task. Even stronger correlations with error
signaling were expected for Extraversion and Neuroticism given
previous empirical results, and since both traits have strong
relations with an individual’s sensitivity to reward and punishment
[5] which in turn are evident characteristics of committing errors.
Similarly, a stronger modulation effect was expected for Consci-
entiousness since this trait reflects goal-directed behavior and a
strong focus on task accomplishment [1], mediated by resistance
against inadequate response tendencies, which was tested by the
present task and relates to prefrontal functioning.

Materials and Methods

Subjects

27 healthy subjects (13 females and 14 males) recruited via
advertisements were studied. Upon invitation all subjects were
interviewed by an experienced psychologist (ZS-V) and none of
the subjects had any signs or history of neurological or psychiatric
diseases. All subjects were right-handed as assessed by the
Edinburgh Handedness Inventory [36]. The entire group of
subjects had a mean of 24.30 (SD: 4.13; range: 20-35) years of age
and a mean of 12.81 (SD: 0.98; range: 8-13) years of school
education. Males and females did not differ significantly on years
of age [t(25)=10.85; p=0.404)] or on years of school education
[t(25)=—1.04; p=0.309)]. All subjects were paid for their
participation. The project was approved by the Institutional
Review Board of the University of Ulm, Germany. Written
informed consent according to the Declaration of Helsinki was
obtained from each individual subject.

Psychometric Measurement of Personality

Subjects were investigated with the German version of the
NEO-Personality Inventory - Revised [37]. The NEO-PI-R
consists of 240 items answered on a five point scale, ranging from
“strongly disagree” to “strongly agree”. The following expressions
represent representative items for each of the five dimensions (re-
translated from the German version of the questionnaire).
Neuroticism: “1 easily get scared”; Extraversion: “I love to be
surrounded by other people”; Openness to Experience: “1 love to
resolve problems or tricky tasks™; Agreeableness: ““1 prefer cooper-
ation to others to competition with them”; Conscientiousness: I am
working hard to achieve my goals”. Internal consistencies of this
questionnaire range from 0.75 (Agreeableness) to 0.83 (Conscien-
tiousness), and test-retest reliability over 6 years was reported to
range from 0.63 (Agreeableness) to 0.83 (Neuroticism and
Openness to Experience).
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fMRI-Paradigm

We employed a combined Go/NoGo-Eriksen-Flanker-para-
digm [38] established in several electrophysiological studies on
error monitoring [25]. Five-letter strings were created from the
letters R, U, P, and V with the action relevant target always mid-
standing. During Go-trials, subjects were asked to respond with
their right index finger on a two-button box to the target letter R,
and with their middle finger to the target letter U (for the rationale
of this additional two-alternative forced choice condition, see
Supplementary Data). In NoGo-trials subjects should withhold a
response upon appearance of the letters P or V. Target and flanker
stimuli were combined either congruently or incongruently. In
congruent trials, all five letters were the same. In incongruent Go-
trials, Go-targets were flanked by visually similar NoGo-target
letters (e.g. VVUVV). In incongruent NoGo-trials the central
NoGo-target was flanked by visually similar Go-targets (e.g.
UUVUU; Figure 1). Each trial ended with the presentation of
feedback according to the subjects’ performance and which was
presented for 500 ms (see also below). Presentation of the
experimental task was run via ERTS software (“Experimental
Run Time System”). Visual stimuli were centrally presented by
means of MR compatible video goggles. Reaction times and
correctness of subjects’ responses on each trial were automatically
registered by a standard personal computer that also controlled the
sequence of trials.

Each combination of the factors condition (Go, NoGo) and type
(congruent, incongruent) contained 66 trials resulting in a total of
264 trials. The task was implemented in a rapid event-related
fMRI design. One trial lasted 1.9 seconds and was triggered by an
optical signal emitted from the MR scanner with the beginning of
each TR. To ascertain continuous sampling of the hemodynamic

PPRIPP correct [ Go!
index finger
WUw correct Go!
middle finger
fixation cross stimulus |  |delaysresponse feedback
1000 ms 200 ms max, 700 ms 500 ms
RRIPRR - correct NO GO!
uuviuu . Gl NO GO!

Figure 1. Combined Eriksen Flanker and GoNoGo fMRI
paradigm, exemplary shown for all four incongruent trials.
After the fixation period, one of eight possible letter strings, either
congruent or incongruent, appeared on a black screen. Subjects were
instructed to give a right hand index finger response, if the target letter
was a “R”, to give a right hand middle finger response, if the target
letter was an “U”, or to withhold response in case of appearance of
target letters “P” or “V". One of three possible feedbacks (“correct”,
“wrong”, “faster”) about the subjects’ response was given after a
defined delay following response (in this example “correct”). Upper
panel: Go trials. Lower panel: NoGo trials.
doi:10.1371/journal.pone.0042930.9001
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response function, a jitter was inserted after the trigger signal
randomly distributed in multiples of slice acquisition time. Mean
inter-trial interval was 3.01 seconds. The average stimulus-onset
asynchrony for events of the same combination of condition by
type (e.g. incongruent NoGo) was 19.5 seconds. The entire task
duration was 22 minutes. Subjects got acquainted to this
challenging task during training sessions at the morning of the
test day. The training version was different from the test version
with respect to trial sequences and number of trials, but identical
as regards number and realizations of the conditions. Further, a
recaction time (RT) deadline was individually estimated by
calculating the average individual reaction time on correct
congruent and incongruent Go trials obtained from the training
session prior to the fMRI task. From this average a further 15
percent were subtracted. The resulting value in milliseconds served
as upper bound of a time window within which Go responses had
to be executed during the fMRI task. Whenever subjects’
individual reaction times on correct Go trials were above this
upper border the ensuing feedback screen contained the German
word for “faster”. If Go reactions were correct and within the
predefined time limit the feedback was the German word for
“correct”. For incorrect Go responses the feedback screen was the
German word for “wrong” irrespective of whether reaction times
were within or beyond the time limit.

Across subjects individual RT deadlines ranged between 366 ms
and 525 ms (mean =441 ms, SD = 36.7 ms). The rationale behind
this was 1) to emphasize overall speed in order to obtain sufficient
frequencies of erroneous Go and NoGo responses, and ii) to exert
control over the speed-accuracy trade off such that correct and
false Go responses could be calculated within and above the pre-
adjusted time limits.

Functional Data Acquisition

Imaging data were acquired using a 3.0 Tesla head-only MRI-
system (Siemens Magnetom Allegra, Erlangen, Germany). T2*-
weighted MR-images were obtained using gradient echo-planar
imaging (EPI) in axial orientation along the AC-PC-line.
Inplanar matrix size was 64 by 64 pixels (3.6x3.6 mm pixels).
The volume consisted of 33 slices (TR =2200 ms; TE = 39 ms;
BW =3906 Hz/Pixel). Slice thickness was 3 mm with a gap of
0.75 mm. For each session 608 volumes were acquired. The first
10 volumes of each session were discarded to avoid T1 equilibra-
tion effects. High resolution T'1-weighted anatomical images were
obtained using 3D-MPRAGE sequences (BW =130 Hz/Pixel,
TR =2300 ms, TI=1.1 s, TE=3.93 ms, flip-angle = 12°) and at
least 160 contiguous slices of 1 mm thickness in sagittal direction
(depending on subjects’ head sizes).

Data Analysis

Behavioral data analysis. From each subject rates of
correct and incorrect responses were computed for the different
combinations of the factors condition (Go/NoGo), and #pe
(congruent/incongruent). In case of Go trials an additional factor
deadline (within/beyond) was added expressing whether correct and
incorrect Go responses had been executed within or beyond the
individually predefined time window. Statistical inference of
significant differences on error rates was computed using an
analysis of variance modeling combinations of the factors above
including post-hoc contrasts for comparisons of interest (Newman-
Keuls test; p<0.05; see Results). In case of erroneous responses
during NoGo trials and omissions during Go trials the effect of
factor fype (congruent/incongruent) was tested by means of paired
t-tests for either variable. For all the three analysis above the
nominal level of significance was set to level of p<<0.05.
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Although individual expressions of each of the five dimensions
obtained from the NEO-PI-R should demonstrate only weak inter-
correlations, if at all, we nevertheless tested this prediction for the
present sample in order to identify co-linear regressors. Therefore,
inter-correlations among the five NEO-PI-R major domain scores
were analyzed using Pearson correlation coefficients (level of
significance: p<<0.05). To test for relationships between individual
expressions of the five NEO-PI-R scores and behavioral perfor-
mances in the experimental fMRI task again Pearson correlation
coefficients were computed (level of significance: p<<0.05).

Analysis of functional MRI data. Image preprocessing was
carried out using Statistical Parametric Mapping (SPM8, Well-
come Department of Cognitive Neurology, London, UK) under
MATLAB 7.8 (Math-Works, Natrick, MA). Data from each
experimental session were preprocessed including slice timing,
realignment and normalization into a standard template (Montreal
Neurological Institute, MNI). Normalized images were resliced to
2x2x2 mm® voxels and finally smoothed in space with a three-
dimensional 10 mm full-width at half-maximum (FWHM) isotro-
pic Gaussian kernel. For normalization purposes high-resolution
individual T1-weighted images were used that had been co-
registered to the individual mean EPI obtained during spatial
realignment.

Individual event types (sece below) were modeled as trains of
delta functions at each stimulus onset and convolved with the
canonical hemodynamical response function (HRF). The associ-
ation between each predictor and the experimental voxel time
courses was calculated and served as a parameter estimate for the
magnitude of neural activity for each event type. A second set of
regressors was added to the individual design matrix using the 6
motion parameters acquired during the realignment procedures.
During calculation of parameter estimates time series were scaled
to a grand mean of 100 over all voxels and volumes within a
session. Low frequency drifts were removed via a high pass filter
using low-frequency cosine functions with a cut-off of 128 seconds.
Model estimation was corrected for serial correlations using a first-
order autoregressive model. The different regressors of each
individual design matrix were defined by combinations of the
factors condition (Go/NoGo), type (incongruent/congruent), response
accuracy (incorrect/correct), and deadline (within/beyond). Missed
Go events (errors of omission) were also modeled. Differentiation
between target letters was not considered at this stage of design
specification. Subject specific condition effects were computed
using signed one-tailed f-contrasts, producing a contrast image
propagated to the second level analysis.

To account for inter-individual variance and in order to
generalize from statistical inferences of condition effects and their
relevant contrasts, a random-effects analysis using individual
contrast images from the first level analyses was set up. As it will
be shown during presentation of behavioral results erroneous
responses on congruent Go and NoGo were not consistently
produced across subjects (see Results, Table 1). Only for the
incongruent NoGo condition all subjects committed errors.
Therefore, all analyses reported below were computed for this
condition in order to use the entire data set of all 27 subjects for
correlation analyses (for results on Go errors, conjoint effects of
NoGo and Go errors, and significant positive and negative
correlation between the Go error signaling and the NEO-PI-R
major domain scores obtained from the reduced model after
excluding scales Agreeableness, Extraversion and Openness not
showing any significant correlations in the full mode, see
Supporting Information S1). For identifying brain activity related
to NoGo errors a corresponding [incorrect NoGo minus correct
NoGo] contrast was formulated as signed t-contrast. To infer a
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Table 1. Summary statistics of the different error rates (%)
during the fMRI task.

Dependent Variable Error (%) P

Omissions on Go trials

Incongruent 5.2 (8.8); [10] t(26) =0.90; 0.374
Congruent 4.4 (6.4); [9]
Incorrect Go trials; in time
Incongruent 6.2 (5.7); [3] 0.940
Congruent 6.3 (5.9); [4]
Incorrect Go trials; delayed
Incongruent 4.8 (2.7); [1] 0.260
Congruent 3.1 (3.1); [5]
Correct Go trials; in time
Incongruent 31.8 (12.2) 0.0002
Congruent 39.5 (14.8)
Correct Go trials; delayed
Incongruent 52.0 (15.6) 0.001
Congruent 46.7 (17.0)
Ommissions on NoGo trials
Incongruent 249 (14.4) t(26) = 10.55; <0.0001
Congruent 7.5 (9.6); [2]

Values are means = SD (standard deviation) in rounded brackets; p values stem
from Newman-Keuls post-hoc tests or from paired t-tests; digits in squared
brackets denote numbers of subjects who did not produce any erroneous
responses on the corresponding condition-by-response type-combination. Only
for the incongruent NoGo condition all subjects committed errors.
doi:10.1371/journal.pone.0042930.t001

significant main effect at the group level the significance threshold
was set to p<<0.025 to account for the one-sidedness of this t-
contrast in combination with a family-wise error (FWE) correction
to account for multiple comparisons.

Furthermore, multiple regression analyses were conducted.
Testing on associations between individual expressions of the
NEO-PI-R major domain scores and individual neural error
signaling on incongruent NoGo trials (as defined above) was
performed using a two-step multiple regression analyses due to the
observation of substantial inter-correlations between scales in the
present sample (see Table 2). Additionally, to discard effects of age,
this independent variable was added to the design matrix. In the
first step all six regressors (five scales plus age) were included into
the full model to test on significant correlations of each scale
beyond and above all other scales. Computation of F-contrasts for
cach scale was explicitly constrained to the statistical map
associated with error signaling during incongruent NoGo trials
derived from the above group analyses. For this full model an
exploratory threshold was set to a level of p<<0.001, uncorrected at
the voxel level. This more lenient threshold was used to ascertain
that possibly relevant correlations were not simply masked out by a
too strong statistical threshold. In a second step, only those
regressors kept included into a reduced model that had produced
significant results within the full model. For this final analysis,
however, the statistical threshold was strengthened and set to a
family-wise corrected p-value of p<<0.05.
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Table 2. Inter-correlations among NEO-PI-R major domain scores.

Personality Traits and Error Signaling

Variable N E o A C

N 1.00 —0.55 0.003 —0.02 ns. —0.31 ns. —0.51 0.006
E 1.00 0.46 0.016 0.18 n.s. 0.14 ns.
o 1.00 0.29 ns. —0.25 ns.
A 1.00 0.1 n.s.
C 1.00

Age —0.11 n.s. —0.21 n.s. ns. —0.01 n.s. 0.34 n.s.

doi:10.1371/journal.pone.0042930.t002

Results

Behavioral Results

Task performance during fMRI. Behavioral performances
obtained from the experimental fMRI task are summarized in
Table 1. The rate of omitted Go trials was alike between the
incongruent and congruent stimuli. Analyzing errors during Go
trials revealed a significant interaction (F(1,26)=14.57; p<<0.001)
of all three main factors entering the analysis of variance (type-by-
deadline-by-accuracy), permitting the computation of post-hoc
comparisons (right column in Table 1). The rate of erroneous Go
responses either within or beyond the response deadline did not
differ significantly with respect to stimulus type (congruent,
incongruent). However, within the predefined time interval
significantly less incongruent than congruent Go trials were
correctly executed. Accordingly, the rate of correct Go responses
executed beyond the predefined time-window was significantly
higher upon incongruent than upon congruent stimuli. Within
each stimulus type post-hoc tests (not tabulated in Table 1) also
showed that rates of incorrect incongruent Go responses were not
significantly different (p = 0.366) with respect to the factor response
deadline (6.2 vs. 4.8), as were incorrect congruent Go responses
(p=0.165; 6.3 vs. 3.1). Finally, incorrect responses on NoGo trials
were significantly more often committed on incongruent than on
congruent stimulus arrays. From Table 1 it also becomes evident
(see values in squared brackets) that only for incongruent NoGo
trials all 27 participants committed errors.

Psychometric results. Putative violations of orthogonality
between scales were tested by computing the inter-correlations
between individual NEO-PI-R domain scores. Results on inter-
correlations of NEO-PI-R scores are summarized in Table 2.
Neuroticism was significantly negatively correlated with Extraver-
sion and Conscientiousness. Furthermore, Extraversion was
significantly and positively correlated with Openness to Experi-
ence. To control for possible associations with age this indepen-
dent variable was additionally added to the computation of
correlations, however revealing no significant correlation coeffi-
cients with either scale.

In a next step, we tested on significant correlations between the
NEO-PI-R major domain scores and error rates from the fMRI
task. Since we considered personality traits to be represented on a
superordinate level, observed correlations were only treated as
substantial if they showed statistical significance for both types of
stimulus arrays (congruent/incongruent), or by demonstrating at
least a trend to significance (p-values below 0.1) for one of the
stimulus types when the other was significant. We observed that
Conscientiousness was significantly negatively correlated with
mean percentage of incongruent Go omissions (r=—0.45,
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N, E, O, A, and C are the following subscales from the NEO-PI-R: N = Neuroticism; E = Extraversion; O = Openness to Experience; A = Agreeableness; C = Conscientiousness.
Values are correlation coefficients; if significant associated p-values are reported in italics; n.s.: not significant.

p=0.018), and negatively correlated with mean percentage of
congruent Go omissions with a trend to significance (r= —0.35,
p =0.073). Neuroticism was positively correlated with omissions
on congruent (r=0.41, p=0.035) and incongruent (r=04.2,
p=0.028) Go trials. The same procedure was applied for
correlations between erroneous reaction times (data not shown)
and the NEO-PI-R scores. According to our predefined criterion,
the only meaningful correlation was observed for Conscientious-
ness. The higher individuals scored on this scale the slower were
correct reaction times for incongruent (r=0.67; p=0.006) and
congruent (r=0.64; p=0.007) Go trials. Correlation coeflicients
with Neuroticism were again in the opposite direction, although
only the correlation with correct reaction times on congruent Go
trials (r=—0.55, p=0.029) was significant, while it was not for
incongruent Go trials (r=—0.40; p=0.121).

Functional Imaging Results

Main effect analyses for error processing during
incongruent NoGo trials. Analyzing the main effect of error
processing using the contrast of neural activities associated with
incorrect and correct NoGo trials, we observed significant
(p<<0.025, FWE corrected) cortical effects in the left ACC
(Brodmann Area [BA] 32), left and right inferior frontal gyrus
(BA 47) and adjacent anterior insula, left and right superior
parietal lobule (BA 40), and left and right middle frontal gyrus (BA
46/9) (see Figure 2). Subcortically, the contrast revealed significant
error signals in right cerebellum and left thalamus. A summary of
MNI-coordinates of peak voxels and cluster sizes is given in
Table 3. In the reverse contrast (correct minus incorrect NoGo
responses), we did not find any significant differences even when
lowering the significance to a level of p<<0.01 (uncorrected).

Correlations between error activity and personality
traits. A first-step multiple regression analysis with all five
scales and age included did not show any significant correlation (F-
test; p<0.001) of brain activity with individual expressions of
subscales Agreeableness, Extraversion, Openness and age. Signif-
icant effects were observed for Conscientiousness and Neuroticism.
Therefore, in a second-step, the same multiple regression analysis
was repeated however now excluding the insignificant sub-scales
and age. A summary of results is presented in Table 4. This
analysis demonstrated significant positive correlations with Con-
scientiousness in the left inferior frontal gyrus bordering the
anterior insula and in ACC reaching into the medial superior
frontal gyrus (see Figure 3). Only positive correlations were
observed for this scale. For Neuroticism one cluster of voxels with
negative correlations emerged in the left inferior frontal cortex, at
the same anatomical location where positive correlations were
observed for Conscientiousness.
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Incorrect NoGo minus Correct NoGo

y=20

L / ‘ \ R ‘//

if

Figure 2. Main effects of error signaling for incongruent NoGo trials. Main effects are reported at a level of p<<0.025 to account for the one-
sidedness of the directed t-contrast, and family-wise (FWE) corrected at the voxel level to control for multiple comparisons (see also Table 3).

doi:10.1371/journal.pone.0042930.g002

Discussion

The goal of the present study was to investigate the association
of the Five Factor Model’s personality traits with neural correlates
of error signaling obtained during a combined Eriksen Flanker/
GoNoGo task within an event-related fMRI design. Behavioral
data analyses showed that subjects indexed sufficient task
engagement, as reflected by significantly different error rates
depending on the factor stimulus type (congruent/incongruent).
Errors of omission were significantly negatively correlated with
Conscientiousness. Significant positive correlations with this scale
were observed for correct reaction times on Go trials. None of the
traits showed any significant correlation with incongruent NoGo
errors supporting the note that the functional imaging correlations
between personality traits and error signals for this condition are
not likely to be confounded by already pre-existing correlations
between personality traits and task performance [39].

Functionally, we identified the ACC (BA 32) and the inferior
frontal cortex (IFC, BA 47) involved in error monitoring. These
areas are In good accordance with previous reports (see

Table 3. Main effects of error signaling for incongruent NoGo
trials.

Anatomical Region BA «x y z z [4
Left inferior frontal gyrus/ 47 -38 20 -8 747 1791
anterior insula

Left anterior cingulate 32/9 6 32 28 6.65 3393

cortex/medial

superior frontal gyrus

Left inferior parietal lobule 40 —-62 —46 38 6.73 1407
Right inferior frontal gyrus/ 47 50 22 -6 660 1438
anterior insula

Right inferior parietal lobule 40 54 —38 50 572 918
Left middle frontal gyrus 9 —46 10 32 519 154
Right middle frontal gyrus 46 48 38 22 506 57
Right middle frontal gyrus 9 42 12 38 505 69
Right cerebellum - 22 —54 —28 484 23
Left thalamus - -10 —-14 -4 471 16

Main effects are reported at a level of p<<0.025 to account for the one-sidedness
of the directed t-contrast, and family-wise (FWE) corrected at the voxel level to
control for multiple comparisons. x, y and z are MNI coordinates of the peak
voxel within a cluster. Z: z-value of standard normal distribution;

BA =Brodmann area; c: activation cluster sizes, in voxels.
doi:10.1371/journal.pone.0042930.t003
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Introduction) considered to form the core neural error-related
network in humans. Also in line with previous findings is our result
of increased insula activation in response to errors [40,41].
Recently, it was suggested that insula activity may reflect
autonomic arousal associated with error signals [11]. Since some
of the sub-scales of the NEO-PR-R were significantly inter-
correlated to various degrees, correlation analyses between
personality traits and error signaling was computed within a
two-step multiple regression model testing on significant effects for
each scale beyond and above the remaining scales. Individual
expressions of Conscientiousness were positively correlated with
error signaling in the left IFC adjoining the anterior insula and in
the ACC. Neuroticism showed a negative correlation with error
signals in the left IFC.

Conscientiousness

The strongest results of the present study were observed for
Conscientiousness yielding exclusively positive correlation coeffi-
cients with error signaling in two brain regions, the ACC and left
inferior frontal gyrus (IFG) with adjacent anterior insula (IFG/al).

Recently, Tops and Boksem [42] have suggested the IFG/al to
be part of a ventrolateral corticolimbic pathway that implements
control over actions through higher responsiveness to momentary
environmental stimuli. Similarly, previous work on cognitive
control of memory suggests that the left IFG is involved in the
control of goal or task-related memory representations [43,44,45]
enabling strategic handling of task-related memory representations
in order to meet goals at higher levels. This interpretation is in line
with a recent meta-analysis of 10 different fMRI tasks [20] that
were analyzed regarding task-set specific processes defined as task-
set initiation activity, task-set maintenance activity, and error-
related task-set activity. Besides the dorsal ACC bordering the
medial superior frontal cortex, the IFG and anterior insula were
summarized to form the core of a human task-set system. This
task-set system is considered to monitor bottom-up signals of
ongoing performance, indicating discrepancies about the intended
and actual outcome. The system either reflects or generates error-
related signals that in turn help to adjust ensuing top-down signals
in service of ensuing error processing. Given this empirically based
theoretical account of the inferior frontal involvement during error
signaling, it supports the idea that enhancement of error signals
may likely reflect a neural representation of an error-related
violation of the task-set system. The strong correlation between
error signaling and Conscientiousness in the left IFG/al aligns
with this interpretation since this trait is characterized by a strong
goal-directed behavior. Conscientious individuals focus on task
accomplishment and fulfillment of obligations and also load high
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Table 4. Summary of significant positive and negative correlations between NoGo error signaling and NEO-PI-R major domain
scores obtained from the reduced model after excluding scales Agreeableness, Extraversion and Openness not showing any
significant correlations in the full model.

Anatomical Region x/y/z z-value Pv(FWE) extent Pc(FWE) Partial R?
Conscientiousness Left inferior frontal —38/20/—16 6.02 <0.001 996 <0.001 0.49

gyrus (BA47)/

Left anterior insula —54/24/—4 3.78 0.040

Anterior cingulate —6/26/28 4.18 0.011 260 <0.001 0.29

gyrus (BA32)/

Medial superior —6/4420 4.15 0.012

frontal gyrus (BA 9)
Neuroticism Left inferior frontal —38/18/—18 3.76 0.028 15 0.021 0.46

gyrus (BA47)

determination coefficient.
doi:10.1371/journal.pone.0042930.t004

on achievement striving, which reflects individual’s intention to
accomplish given tasks expressed as a high goal orientation.
Hence, modulating effects of Conscientiousness on neural error
processing in the IFC may reflect the degree to which individuals’
goal direction is violated by the occurrence of errors.
Involvement of the dorsal ACC has commonly been reported in
studies on the neural correlates of error processing and functional
interpretation depends on theoretical background. These theoret-
ical accounts contrast pure error detection [46,47] with the
identification of response conflict [17,48,49,50] that arises when
two competing responses are simultaneously activated. More

Positive correlations with Conscientiousness

y=20

e ""\
/A s\

L

Correlation coefficients were computed within an inclusive mask consisting of voxels with significant (p<<0.025, family-wise corrected) error signaling during
incongruent NoGo trials; x,/y/z: MNI-coordinates of the significant peak voxel in correlation analyses; Pv(FEW) indicates family-wise corrected significance of peak voxel;
extent: number of significant (p<<0.05, FWE) voxels; Pc(FWE): associated family-wise corrected p-value at the cluster-level; Partial R% cluster averaged partial

recent proposals suggest errors to represent a special case of higher
order conflict processing [13,51]. In the context of reinforcement
learning [10], errors are interpreted as negative events, and
differentially increased activation of the ACC upon errors may
reflect more than just a cognitive process, suggesting an evaluative
function for enhanced ACC signaling in a sense that this structure
is more generally responsive to negatively valenced signals that
may arise from error or conflict monitoring [52]. Accordingly, the
strong correlation with Conscientiousness may therefore reflect a
trait dependent modulation of this negatively valenced signal. The
more conscientious (focusing on task accomplishment) subjects are,

1 al
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Figure 3. Positive correlations with Conscientiousness in the left inferior frontal gyrus bordering the anterior insula and in ACC
reaching into the medial superior frontal gyrus. Correlation coefficients were computed within an inclusive mask consisting of voxels with
significant (p<<0.025, family-wise corrected) error signaling during incongruent NoGo trials (see also Table 4.).

doi:10.1371/journal.pone.0042930.9003
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the more they experience violation of goal directions as a negative
signal, either by the occurrence of errors per se or by the conflict
that arises thereof.

Neuroticism

The negative correlation between error signalling and Neurot-
icism was opposite to the direction observed for Conscientiousness,
although in a corresponding anatomical location. Statistically, the
opposite direction of correlation coefficients appears to be a direct
expression of the negative correlation between both scales
observed from correlation analysis of questionnaire scores in our
sample. Thus, statistically the inter-correlation between Neuroti-
cism and Conscientiousness has contributed to the negative
correlation with Neuroticism in the IFC. This is further supported
by the opposite correlations of both scales with behavioral
measures obtained from the fMRI task (omission errors on Go
trials; reaction time for correct Go trials). Already Costa and
McCrae [1] have reported that Neuroticism and Conscientious-
ness were negatively related (r= —.53) in their validation study of
the NEO-PI-R, and also other studies have observed negative
correlations between these two traits [30,53].

The analyses of functional MRI data show that correlations of
both scales with error signalling appear within the same
anatomical location. Previous investigations have already linked
Conscientiousness and Neuroticism to intentional involvement in
opposite directions. In these studies Conscientiousness has been
shown to be less sensitive to motivational manipulations, while
Neuroticism appeared to modulate neural processing in the
presence of rewards [30,54]. Therefore, assuming that these two
traits relate differently to task engagement, and interpreting errors
to signal the absence of expected rewards, the present correlation
with Neuroticism suggests that a decreasing error signal with
increasing Neuroticism emerges since more neurotic individuals
may have greater propensity to fade out the absence of reward.
This is opposite to less reward-modulated conscientious individuals
with higher intrinsic task engagement per se. Still, this interpre-
tation awaits replication in samples with less negative inter-
correlation between Conscientiousness and Neuroticism.

Absence of significant correlations with Extraversion

Contrary to our expectation, a correlation between Extraver-
sion and neural error signaling was not observed under present
statistical thresholds. This correlation was particularly expected to
appear in the ACC due to the strong relations of this trait with
reward sensitivity and due to the theoretical accounts suggesting
error signals to reflect a negative reinforcement learning signal
which is conveyed by the ACC (e.g. [55]; see also below). Instead,
strong positive correlations in this anatomical structure emerged
for Conscientiousness. Having used a multiple regression analysis,
this observation suggests that Conscientiousness may have
absorbed a crucial part of individual variances of error signaling
in the ACC, so that only a smaller part of unexplained variance
remained to be explained by Extraversion. To test this prediction
an exploratory analysis of the full model with decreased statistical
thresholds (data not shown) indeed yielded voxels in the ACC
bearing positive correlation coefficients with Extraversion at
corresponding locations where Conscientiousness produced higher
and more reliable coefficients. Accordingly, in a second explor-
atory analysis using a simple regression model by leaving out all
the other scales, correlation coefficients with Extraversion in the
ACC markedly increased, however did still not survive the a priori
set statistical threshold of p<<0.05, family-wise corrected.

This results pattern supports that a focus on a single, pre-
selected personality trait might be misleading when exploring the
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influence of individual differences. Although Extraversion and
Conscientiousness in our present sample were only slightly
positively correlated (r=0.14), which was by far not significant,
a restriction to one or the other scale would have led to different
interpretations. Neither of these interpretations would have been
entirely wrong, since both scales associated positively with error
signaling in a process relevant brain structure, however at
markedly different levels of significance. Given the still exploratory
aspect of this and other studies that try to elucidate the
neurobiological implications of personality, adherence to a
conservative and invariant statistical threshold appears mandatory,
though. Beyond mere statistical reasoning, the greater reliability
observed for Conscientiousness may also indicate greater construct
validity for this scale than for Extraversion given the process of
interest.

Limitations

Several aspects of this study appear noteworthy as limiting
factors. As with other correlating studies, we want to remind that
present modulating effects of Neuroticism and especially Consci-
entiousness on neural error signaling are based on a pure
correlation approach which can merely identify those relationships
between variables as they were measured. Therefore, we cannot
rule out that present associations may have been conditioned by
one or more yet unknown other factors. Although a larger sample
of 27 subjects was included in the present study, sample size
remains an issue that must be considered in correlation studies,
especially when discussing the absence of significant effects. This
absence might change with inclusion of even more subjects.
Finally, the present fMRI task incorporated feedback about the
correctness of subjects’ responses in very close temporal succession
to the stimulus arrays, which cannot be resolved by the
comparably slow hemodynamic response function. Although
inclusion of feedback appears reasonable in a task on error
monitoring to counteract any ambiguities of subjects’ individual
responses, its influence on present results could not be controlled.
However, an exploratory analysis modelling onsets of feedback
instead of onsets of stimulus arrays did not change results when
contrasting incorrect minus correct incongruent NoGo trials to
delineate brain regions reliably associated with error signalling.

Conclusion

We explored the modulating influences of the Five Factor
Model’s personality dispositions on neural error signalling, and
Conscientiousness as a trait explained the greatest part of
individual differences in neural activities associated with error
monitoring. Given the psychological mechanisms reflected by this
trait, the putative functional roles of those differentially activated
brain regions, and the highly significant positive correlations, our
results lend further external validity to this specific personality trait
suggesting that it does reflect more than being a mere descriptive
taxonomy. Although interpretation of the absence of significant
effects is generally to be treated with caution, Openness to
experience and Agreeableness did not explain relevant parts of
individual variance in error signalling. However, at least for the
latter trait this result appears plausible in terms of discriminant
validity, since Agreeableness has been related to psychological
mechanisms involved in social information processing which was
not tested by the present task. Neuroticism was negatively
correlated with error signalling, possibly reflecting the negative
inter-correlation between this scale and Conscientiousness already
being observed on the behavioral level. Finally, correlations
between Extraversion and error signalling did not survive present
statistical thresholds although some additional exploratory analy-
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ses could not entirely rule out its modulating effects on individual
neural activities of error monitoring brain areas.

Taken together present results illustrate that for predicting
individual responses to errors underlying personality traits should
be taken into account. Although a reliable observation of error
signalling at the group level was not affected by individual
expressions of traits under investigation, future research should
consider the modulating effects of personality to advance the
neurobiological implications of individual differences in this and
other cognitive domains.

Supporting Information

Supporting Information S1 reports results on Go errors
(stemming from the contrast of false minus correct Go
responses), conjoint effects of NoGo and Go errors, and
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