
© 2010 The Psychonomic Society, Inc. 372

Trait anxiety is probably not only specifically related 
to the processing of emotional material; it might also be 
generally linked to individual differences in fundamental 
cognitive functions. This has been suggested by studies 
demonstrating relations between trait anxiety and com-
plex cognition, such as working memory (Derakshan & 
Eysenck, 1998), set shifting (Ansari, Derakshan, & Rich-
ards, 2008), and the capability to suppress distracting in-
formation (Eysenck & Byrne, 1992; Wood, Mathews, & 
Dalgleish, 2001).

In their influential attentional control theory (ACT), 
Eysenck, Derakshan, Santos, and Calvo (2007) therefore 
assumed that high trait anxiety disrupts the balance be-
tween goal-directed and stimulus-driven attentional sys-
tems (Corbetta & Shulman, 2002), leading to an enhanced 
intrusion of task-irrelevant information. According to the 
ACT, behavioral consequences of such anxiety-related 
deficits in attentional guidance should emerge primarily 
in tasks requiring inhibitory control and mental set shift-
ing (Miyake et al., 2000) by affecting reaction times (RTs; 
i.e., processing efficiency) but not accuracy (i.e., process-
ing effectiveness). Moreover, anxious subjects may com-
pensate for this efficiency deficit by a reactive recruitment 
of additional attentional resources if these are available.

A similar assumption has been put forward by Braver 
and colleagues (Braver, Gray, & Burgess, 2007; Fales 
et al., 2008). In their dual mechanisms of control (DMC) 
account, these authors proposed a link between individ-
ual differences in trait anxiety and the general manner in 
which cognitive control is exerted. Accordingly, during a 
complex task, low-anxious subjects may engage top-down 
control in a proactive way by sustaining goal- directed rep-

resentations in working memory over time. This should 
lead to a rather low influence of goal-irrelevant informa-
tion. In contrast, highly anxious subjects are supposed 
to exert control in a reactive mode by reactivating goal-
 relevant representations only when these are needed. Con-
sequently, bottom-up input will be more influential.

Although the ACT and DMC accounts apparently differ 
in some important aspects, they also share some essen-
tial ideas. For instance, both theories postulate a reactive 
and compensatory recruitment of cognitive resources in 
high-trait-anxious subjects when there is an acute need 
for top-down guidance. On the neuronal level, this should 
lead to a stronger transient activation of control networks, 
especially comprising prefrontal and parietal regions. The 
present study was planned to further elucidate the po-
tential link between trait anxiety and the recruitment of 
cognitive control by focusing on dynamic adjustments in 
electrophysiological correlates of control mechanisms in 
a trial-to-trial design.

Using functional magnetic resonance imaging (fMRI), 
a few studies have already tested for trait-anxiety-
 associated differences in the activation of cognitive con-
trol areas. Unfortunately, they have not yet revealed a 
clear picture. For example, Braver and colleagues (Fales 
et al., 2008; J. R. Gray & Braver, 2002) reported positive 
correlations between trait anxiety and transient activa-
tion in various control regions (particularly including 
the lateral and medial prefrontal cortex) during working 
memory performance. However, the same group reported 
no such relations in another study, despite use of the same 
working memory task (J. R. Gray et al., 2005). More-
over, Bishop (2009) found a negative relation between 
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of conflict processing in the Stroop task. Accordingly, a 
high target–distractor conflict is usually accompanied by 
a frontocentral negative-going voltage deflection about 
400 msec after stimulus onset (N400), followed by a later, 
more posterior sustained positive potential (SP). The 
N400 has been assumed to reflect a conflict-monitoring 
and detection mechanism, and source-locating approaches 
have confirmed the above-mentioned fMRI results by 
demonstrating that this component is presumably gener-
ated by the dACC (Badzakova-Trajkov, Barnett, Waldie, 
& Kirk, 2009; Hanslmayr et al., 2008; Liotti, Woldorff, 
Perez, & Mayberg, 2000; West, 2003). In contrast, the SP 
probably represents both conflict detection and resolution 
and seems to be generated by a broader range of neuronal 
modules (Liotti et al., 2000; West, 2003).

Our aim was to investigate whether trait anxiety is asso-
ciated with potential trial-to-trial adaptations in the N400 
and SP range, indicating dynamic adjustments in cognitive 
control. Specifically, we assumed that if trait anxiety is 
positively correlated with a reactive recruitment of control 
resources, as postulated in the ACT (Eysenck et al., 2007) 
and DMC (Braver et al., 2007; Fales et al., 2008) accounts, 
this might particularly influence the N400 and SP ampli-
tude on those trials directly preceded by an incongruent 
target–distractor pairing. More precisely, a reactive en-
gagement of the underlying neurocognitive mechanisms 
following an incongruent trial may increase the general 
sensitivity or activity of these mechanisms in a presetting 
manner, resulting in higher amplitudes in these two ERP 
components on the subsequent trial.

METHOD

Subjects
Seventy-one students (52 female; mean age  22.2 years, SD  

2.6), who were native German speakers and had normal or corrected-
to-normal vision, participated in this study. The mental and physical 
health of all the subjects was checked by a brief self-disclosure form. 
All the subjects gave their written informed consent before any testing 
and received either a monetary incentive (€10) or course credits. The 
present study was in accordance with the ethical norms of the Ethics 
Committee of the German Psychological Society.

Self-Report Inventory
A German version of Spielberger’s State–Trait Anxiety Inventory 

(STAI; Laux, Glanzmann, Schaffner, & Spielberger, 1981; Spiel-
berger, Gorsuch, & Lushene, 1970) was used to measure anxiety. 
This questionnaire comprises 40 mood-describing statements that 
subjects can agree or disagree with on a 4-point scale. Twenty items 
assess anxiety as a current emotional state (state anxiety), whereas 
the other 20 items ask for the general frequency of such states (trait 
anxiety).

Gender Stroop Task
In this paradigm, single face–word stimuli were centrally pre-

sented on a computer screen (see Figure 1). The stimulus pool 
consisted of six female and six male grayscale faces with a neutral 
expression (Lundqvist & Litton, 1998). The German words “Mann” 
(man) and “Frau” (woman) were written across the faces in red let-
ters, resulting in a congruent or incongruent matching of the face–
word pairing. The subjects were asked to discriminate the gender of 
the faces by pressing one of two response buttons (male  left index 
finger, female  right index finger) as quickly and accurately as 
possible. No specific instruction was given with respect to the word 

trait anxiety and transient activity of the dorsolateral pre-
frontal cortex (DLPFC) while subjects performed a task 
evoking stimulus–response conflicts.

It should be noted that the aforementioned studies com-
pletely disregarded trial-to-trial adaptations in cognitive 
control. For example, in paradigms evoking stimulus–
response conflicts (e.g., the Stroop task), it is a frequently 
observed phenomenon that interference is reduced in the 
context of a preceding incongruent trial (for an overview, 
see Egner, 2007). This observation is most likely due to 
adjustments in cognitive control: Upon detection of a 
stimulus–response conflict, control is enhanced and sub-
sequently influences target–distractor processing within 
the following trial (Botvinick, Braver, Barch, Carter, & 
Cohen, 2001; Carter & van Veen, 2007; Egner & Hirsch, 
2005; Scerif, Worden, Davidson, Seiger, & Casey, 2006). 
For instance, on incongruent trials, such sequence-
 dependent enhancements in cognitive control probably 
lead to a diminished effect of the misleading distractor, 
resulting in performance improvements (i.e., faster re-
sponses and fewer errors on incongruent trials preceded 
by other incongruent, as compared with congruent, trials). 
However, on congruent trials, enhanced top-down control 
presumably diminishes the facilitative effect of the task-
irrelevant dimension (which also indicates the correct re-
sponse), leading to a decline in performance (i.e., slower 
responses and more errors on congruent trials preceded 
by incongruent, as compared with congruent, trials). Con-
sideration of such dynamic adjustments may further our 
understanding of a potential link between trait anxiety and 
the reactive recruitment of top-down control. Due to its 
high temporal resolution, event-related potential (ERP) 
measurement appears to be particularly suitable for such 
an approach (Gratton, Coles, & Donchin, 1992; Larson, 
Kaufman, & Perlstein, 2009; Scerif et al., 2006).

In the present study, we therefore used ERP recordings 
to investigate the link between trait anxiety and sequen-
tial effects on conflict processing in a modified Stroop 
paradigm. In the classic version of this task (MacLeod, 
1991; Stroop, 1935), color words are presented in vary-
ing colors, and the subject is asked to discriminate the 
color (target dimension) while ignoring the word meaning 
(distractor dimension). An incompatible target– distractor 
pairing (e.g., the word red written in blue) induces a 
stimulus–response conflict, resulting in a prolonged RT 
and a higher error rate. The neurocognitive mechanisms 
mediating the detection and resolution of such conflicts 
have been the subject of an extensive empirical effort. 
Many fMRI approaches addressing this issue point to a 
crucial role of the dorsal anterior cingulate cortex (dACC) 
in processes of conflict monitoring and of the DLPFC in 
the execution of control (Braver, Barch, Gray, Molfese, 
& Snyder, 2001; Carter et al., 2000; Kerns et al., 2004; 
MacDonald, Cohen, Stenger, & Carter, 2000; van Veen & 
Carter, 2002). Importantly, activation in these areas also 
depends on sequential alternations of stimulus–response 
conflict, indicating dynamic adaptations to task demands 
(Egner & Hirsch, 2005; Kerns et al., 2004). Moreover, 
several ERP studies have identified at least two character-
istic wave components as electrophysiological correlates 
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rect trials with RTs below 200 msec (M  0.001%, SD  0.001) or 
above 2,000 msec (M  0.3%, SD  0.7). Individual mean response 
latencies were then calculated for the four trial type categories 
(cC, cI, iC, and iI). A three-way ANOVA (2  2  3) was conducted 
with the within-subjects factors of previous trial (congruent, incon-
gruent) and current trial (congruent, incongruent) and the between-
subjects factor of trait anxiety [low (n  24), medium (n  25), 
high (n  22)]. For the last factor, the complete sample was split 
into three groups, using the 33rd and 66th percentiles of the STAI 
trait anxiety scores. Moreover, to control for potential feature rep-
etition effects (Mayr, Awh, & Laurey, 2003), the same ANOVA was 
conducted using only complete alternations in sequences of target–
distractor pairing for the iI and cC trials (e.g., previous trial, target  
male face, distractor  “Frau”; current trial: target  female face, 
distractor  “Mann”).

For statistical analysis of performance accuracy, the hit rates 
(HRs) for the four trial type categories were first arcus-sinus trans-
formed and then entered into a three-way ANOVA (2  2  3) with 
the factors described above.

Furthermore, we calculated single-score indices of interference 
(RT interference  RT incongruent  RT congruent; HR interfer-
ence  HR congruent  HR incongruent) and conflict adaptation 
[RT adaptation score  [(iC cC)  (cI iI)]/2; HR adaptation 
score  [(cC iC)  (iI cI)]/2] on the basis of findings of previ-
ous studies (Egner, 2007).

ERP Recordings and Analyses
While the subjects completed the behavioral task, the EEG (ana-

log band-pass, 0.1–250 Hz; sampling rate, 1000 Hz) was recorded 
from 29 scalp sites (Fp1, Fp2, F7, F3, Fz, F4, F8, FC1, FC2, T7, C3, 
Cz, C4, T8, TP9, CP1, CP2, TP10, P7, P3, Pz, P4, P8, PO9, O1, Oz, 
O2, PO10) using active Ag/AgCl electrodes (actiCAP 32Ch; Brain 
Products, Gilching, Germany) and a BrainAmpDC amplifier (Brain 
Products). All impedances were kept below 5 k . During recording, 
all electrodes were referenced to the nose tip. The horizontal and 
vertical electrooculograms were recorded for detection of blinks and 
eye movements.

The data were processed offline, using Brain Vision Analyzer 2.0 
software (Brain Products). First, the data were digitally rereferenced 

stimuli. The complete paradigm comprised eight blocks of 72 trials 
each, resulting in a total of 576 trials. On two thirds (384) of the tri-
als, the face–word pairing was congruent, whereas the other trials 
(192) were incongruent. Preceding the critical trials, 12 (Block 1) or 
4 (Blocks 2–8) practice trials were presented, using two extra faces. 
The pseudorandomized trial order was the same for all the subjects 
and was characterized by the following restrictions: Each face was 
presented six times per block (four times congruent, two times in-
congruent), with no direct repetitions of the same face. Thirty-six 
trials of each block were congruent and preceded by other congruent 
trials (cC trials). The other trials were congruent preceded by incon-
gruent trials (iC trials; 12 trials per block), incongruent preceded 
by congruent trials (cI trials; 12 trials per block), and incongruent 
preceded by incongruent trials (iI trials; 12 trials per block). Thus, 
the following total trial numbers resulted: cC  288, cI  96, iC  
96, iI  96. The four trial type categories were matched with respect 
to the gender of the face stimuli (50% male, 50% female) and the 
frequency of potential negative-priming trials (Neill, 1978; target 
value on trial x is the same as distractor value on trial x 1; 50% 
in each category). Moreover, the frequency of direct repetitions of 
facial gender was equal (50%) for the congruent and incongruent 
conditions in each block.

On each trial, the stimulus was presented until a response was 
given. The interstimulus interval varied randomly between 1,500 
and 2,000 msec. During this time, a central fixation cross was pre-
sented. Each block was followed by a short break of about 30 sec. 
The stimuli had a size of 4.5  6.5 cm. The subjects were seated in 
a comfortable chair at a distance of 80 cm from the screen. All the 
stimuli were presented on a 15-in. monitor with a black background. 
Stimulus presentation and response recording were controlled by a 
Pentium- (Intel Corp., Santa Clara, CA) based PC and Presentation 
12.2 software (Neurobehavioral Systems, Albany, CA). Responses 
were given on a customary response pad (Cedrus RB-730, Cedrus 
Corp., San Pedro, CA) with a 1-msec RT resolution. Statistical anal-
yses were conducted using SPSS 15.0 (SPSS Inc., Chicago).

Treatment and Analysis of Behavioral Data
All error (M  5.2%, SD  4.8) and posterror (M  4.6%, SD  

3.8) trials were excluded from RT analysis. The same applied to cor-
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Figure 1. Schematic depiction and frequencies of trial sequences in the gender discrimination Stroop task. In the original task, dis-
tracting words were presented in red font. cC, congruent trial preceded by congruent trial; cI, incongruent trial preceded by congruent 
trial; iI, incongruent trial preceded by incongruent trial; iC, congruent trial preceded by incongruent trial.



ANXIETY AND ADJUSTMENTS IN CONFLICT PROCESSING    375

low-trait-anxiety groups ( p  .001) and marginal differ-
ences between the medium- and low- ( p  .052) and the 
medium- and high- ( p  .073) trait-anxiety groups. In 
the subsequent analyses, we therefore controlled for state 
anxiety whenever a substantial effect of trait anxiety was 
detected.

Behavioral Interference and Conflict Adaptation
For all the ANOVAs mentioned below, Greenhouse– 

Geisser-corrected statistics were used in cases of violated 
sphericity assumption. Behavioral results are depicted in 
Figure 2. Analysis of response latencies revealed that the 
subjects reacted more quickly in the congruent condition 
(mean RT, 582 msec) than in the incongruent condition 
[mean RT, 651 msec; main effect of current trial, F(1,68)  
309.02, p  .001]. This main effect was qualified by a sig-
nificant interaction of current trial and previous trial con-
gruency [F(1,68)  27.36, p  .001], arguing for a sub-
stantial conflict adaptation effect [pairwise comparisons: 
cC  iC  iI  cI (all ps  .05); see Figure 2A]. Thus, 
across all subjects, the previous trial context had a crucial 
effect on the response speed on the current trial. More pre-
cisely, the congruency effect was diminished in the context 
of a preceding incongruent trial. Importantly, this pattern 
was stable when we controlled for potential feature repeti-
tion effects [see Figure 2B; previous trial  current trial, 
F(1,68)  34.74, p  .001; pairwise comparisons, cC  
iC  iI  cI (all ps  .05)]. We found neither a significant 
main effect of trait anxiety nor a substantial interaction 
with the other factors (all ps  .36; see Table 2).

Performance was also significantly more accurate in the 
congruent condition (mean HR, 97.3%), as compared with 
the incongruent condition (mean HR, 92.2%) [main effect 
of current trial: F(1,68)  109.28, p  .001]. Moreover, 
the subjects generally made fewer errors in the context of 
a preceding incongruent trial (mean HR, 95.3%), as com-
pared with a preceding congruent trial (mean HR, 94.0%) 
[main effect of previous trial, F(1,68)  13.83, p  .001]. 
These two main effects were qualified by a significant 
current trial  previous trial interaction [F(1,68)  24.61, 
p  .001; pairwise comparisons, cC  iC  iI  cI (all 
ps  .05); see Figure 2C], indicating the same pattern of 
conflict adaptation as that reported for response latencies. 
Again, no significant effect of trait anxiety was found (all 
ps  .36; see Table 2).

to the averaged mastoid electrodes and were filtered using a 20-Hz 
low-pass, a 0.15-Hz high-pass, and a 50-Hz notch filter. The EEG 
was then segmented (stimulus locked; 200 to 800 msec) for the 
four trial categories (cC, cI, iC, and iI), and epochs were semiauto-
matically scanned for artifacts and were discarded if applicable. For 
further analyses, all error and posterror trials were excluded, as well 
as all trials with RTs below 200 msec and above 2,000 msec. These 
procedures resulted in the following mean ( SD) trial numbers: cC, 
195.2 (42.6); cI, 62.3 (14.4); iC, 59.6 (13.7); iI, 60.7 (14.1). For each 
subject and each trial type, a minimum of 20 trials were available for 
averaging. Data segments were baseline corrected using the 200-
msec prestimulus epochs, and individual stimulus-locked average 
waves were calculated.

For statistical analyses, mean amplitudes were calculated for 
pooled electrode sites (frontal, F3, Fz, F4; central, C3, Cz, C4; pa-
rietal, P3, Pz, P4) and two time windows (350–450 msec [N400] 
and 500–800 msec [SP]). These epochs were chosen on the basis of 
previous ERP studies with the Stroop task and on visual inspection 
of the grand average waveforms. The mean amplitudes for each of 
the time windows were entered into a four-way ANOVA with the 
within-subjects factors of previous trial (congruent, incongruent), 
current trial (congruent, incongruent), and electrode site (frontal, 
central, parietal) and the between-subjects factor of trait anxiety 
(low, medium, high).

Moreover, we calculated single-score indices for the N400 and SP, 
reflecting the conflict effect (incongruent minus congruent; N400 
conflict score and SP conflict score) and the context effect of the 
preceding trial {[(iC cC)  (iI cI)]/2; N400 context score and SP 
context score}. The latter was based on the assumption that when 
the reactive recruitment of top-down control is exerted in a trial-to-
trial manner, this should manifest in an additional, presetting influ-
ence on the N400 or SP as a function of the preceding congruency 
and independently of current congruency. The conflict and context 
scores were correlated with trait anxiety and behavioral indices of 
interference and conflict adaptation.

RESULTS

Sample Characteristics
In Table 1, sample characteristics (age, gender distribu-

tion, anxiety scores) are listed. There were no differences 
between the three trait anxiety groups with respect to gen-
der ratio [ 2(2)  0.27, p  .87] and age [F(2,68)  0.28, 
p  .75]. Moreover, in our sample, women did not show 
higher trait anxiety scores than did men [t(69)  0.40, 
p  .69]. There was a moderate relation between trait and 
state anxiety (r  .40), resulting in a substantial effect of 
the dispositional group factor on state anxiety [F(2,68)  
6.94, p  .01]. Post hoc tests revealed that there were 
strong state anxiety differences between the high- and 

Table 1 
Mean Values ( SDs) for Trait and State Anxiety, Gender Ratios, and Mean Age ( SD) in the 

Complete Sample and in the Three Trait Anxiety Subgroups

Trait State Gender  
RatioAnxietyA,B,C Anxietya,b,C Age

Group  M  SD  M  SD  (Women/Men)  M  SD

Complete sample (N  71) 37.5 6.9 37.1 6.2 52/19 22.2 2.6
Low trait anxiety (n  24) 30.7 3.1 34.0 3.9 17/7 21.9 2.0
Medium trait anxiety (n  25) 40.0 1.2 37.3 1.2 18/7 22.5 3.2 
High trait anxiety (n  22) 45.7 4.9 40.3 6.7 17/5 22.2 2.5

Note—The superscripts A, B, and C indicate significant ( p  .05) differences between the groups: Alow 
versus medium, Bmedium versus high, Clow versus high. In the same manner, the superscripts a and b 
indicate marginal differences ( p  .1).
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F(2,68)  3.60, p  .05]. As can be seen in Figure 3A, 
the previous trial congruency effect was most pronounced 
in the group of high-trait-anxious subjects. Accordingly, 
pairwise comparisons indicated that only in the group of 
high-trait-anxious subjects could a significant effect of 
previous trial be detected (high trait anxiety, p  .001; 
medium trait anxiety, p  .38; low trait anxiety, p  
.24). This interaction between trait anxiety and previous 
trial congruency tended to be particularly pronounced at 
the parietal site [F(2.5, 84.0)  2.54, p  .07] and re-
mained stable when we entered state anxiety as a covariate 
[F(2,67)  3.64, p  .05].

SP
The most obvious effect in the 500- to 800-msec time 

window was a sustained positive deflection on incongru-
ent trials, relative to congruent trials [F(1,68)  43.63, 
p  .001], which was especially pronounced at parietal 

N400
In the 350- to 450-msec time window, we detected the 

N400 as a substantial negative-going deflection in the in-
congruent condition, relative to the congruent condition 
[F(1,68)  68.00, p  .001], which was especially pro-
nounced at parietal electrodes [F(1.9, 81.3)  6.39, p  
.05]. Mean amplitudes were also more negative in the con-
text of an incongruent preceding trial [main effect of pre-
vious trial: F(1,68)  13.50, p  .001]—again, especially 
at parietal sites [F(1.2, 84.0)  11.76, p  .001]. More-
over, we detected a significant electrode site  current 
trial  previous trial interaction [F(1.2, 81.8)  8.08, p  
.01]: The effect of previous trial congruency was higher 
for currently congruent, as compared with incongruent, 
trials, and this interaction was especially pronounced at 
parietal sites.

Importantly, the effect of previous trial congruency was 
moderated by trait anxiety [previous trial  trait anxiety: 

Table 2 
Mean Reaction Times ( SDs; in Milliseconds) and  

Hit Rates (in Percentages) for the Three Trait Anxiety Groups

Trial Type

cC iC iI cI

Group  M  SD  M  SD  M  SD  M  SD

Low Trait Anxiety
 Reaction time 592 134 604 135 662 129 670 145
 Hit rate 97.9 1.6 97.0 2.7 94.6 4.6 90.5 6.5
Medium Trait Anxiety
 Reaction time 582 78 601 85 661 104 660 93
 Hit rate 97.7 2.1 96.8 2.7 93.6 7.9 91.4 11.1
High Trait Anxiety
 Reaction time 551 72 567 70 618 86 633 91
 Hit rate  97.0  4.1  95.8  6.0  93.7  5.5  89.2  7.9

Note—cC, congruent trials preceded by congruent trials; iC, congruent preceded by 
incongruent; iI, incongruent preceded by incongruent; cI, incongruent preceded by 
congruent.
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Figure 2. Behavioral data plotted for the interaction of current trial and previous trial congruency. (A) Mean reaction times 
(RTs; SEs), including all trials. (B) Mean RTs ( SEs) corrected for feature repetition effects by including only complete 
target–distractor alternations on cC and iI trials. (C) Mean hit rates ( SEs) in percentages. However, statistical analyses were 
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Figure 3. (A) ERP at the parietal site (pool of P3, Pz, and P4) plotted depending on the interaction of current trial (green  congru-
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and for high-, medium-, and low-anxious subjects separately. Negativity is plotted upward. (B) Topographical map for the voltage 
distribution of the N400 context score in the complete sample and a scatterplot for the relation between this score and trait anxiety. 
For further explanation of abbreviations, see the text, p. 374.
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control. In sum, the results were as follows. First, the be-
havioral data confirmed that strong stimulus–response 
conflicts were evoked in our gender discrimination 
Stroop task. The interference in accuracy and response la-
tencies was influenced by the sequential order of target–
distractor congruency, indicating trial-to-trial variations 
in control. Second, in our ERP analyses, we were able to 
replicate the results of previous studies by identifying two 
wave components crucially linked to stimulus–response 
conflicts—namely, the N400 and the SP. The observed 
correlations between these components and behavioral 
indices of interference and conflict adaptation argue for 
the functional relevance of the underlying neurocognitive 
mechanisms in conflict processing. The N400, in particu-
lar, seems to reflect functioning of a conflict-monitoring 
system (an increase in behavioral interference was asso-
ciated with an increase in the N400 conflict score), which 
is presumably located in the dACC (Badzakova-Trajkov 
et al., 2009; Hanslmayr et al., 2008; Liotti et al., 2000; 
West, 2003; West, Jakubek, Wymbs, Perry, & Moore, 
2005). Third, and probably most important, our results 
indicate that trait anxiety is linked to the way this system 
dynamically adjusts to changes in cognitive demands. In-
dependently of current trial congruency, highly anxious 
subjects showed an additional negative-going deflection 
in the N400 time window in the context of a preceding 
incongruent trial, probably indicating a reactive engage-
ment of the conflict monitor as a direct response to an 
acute need for top-down guidance. This assumption is in 
accordance with recent theoretical frameworks (Braver 
et al., 2007, p. 95) and is also supported by other studies, 
pointing to a crucial link between dispositional anxiety 
and functioning of the dACC. For example, Eisenberger, 
Lieberman, and Satpute (2005) reported a positive cor-
relation between neuroticism (an anxiety-related per-
sonality trait) and dACC reactivity in an oddball task. In 
detail, subjects scoring high on neuroticism showed an 
increased dACC response to infrequent stimuli (oddballs) 
that deviated from the expected predominant stimulus. In 
another study, high trait anxiety was found to be linked to 
increased dACC reactivity to ambiguous affective stimuli 
(Simmons et al., 2008). Moreover, clinical studies have 
pointed to an increased dACC activity in patients with 
obsessive–compulsive disorder during response con-
flicts (Maltby, Tolin, Worhunsky, O’Keefe, & Kiehl, 
2005; Ursu, Stenger, Shear, Jones, & Carter, 2003) and 
in generalized anxiety disorder patients during states of 
worry (Paulesu et al., 2010). In addition to these fMRI 
findings, several ERP studies have reported an increased 
error-related negativity (ERN) in highly anxious subjects 
(Boksem, Tops, Wester, Meijman, & Lorist, 2006; Haj-
cak, McDonald, & Simons, 2003; Ladouceur, Dahl, Bir-
maher, Axelson, & Ryan, 2006; Olvet & Hajcak, 2009). 
The ERN also reflects processes of performance moni-
toring and is probably generated by the dACC (Dehaene, 
Posner, & Tucker, 1994; Gehring, Goss, Coles, Meyer, & 
Donchin, 1993). Using a go/no-go task, two other recent 
ERP studies also showed positive correlations between 
self-reported behavioral inhibition (an anxiety-related 

electrodes [F(1.2, 84.9)  114.94, p  .001; see Fig-
ure 3A]. The mean amplitude in this epoch was also influ-
enced by previous trial congruency [F(1,68)  5.99, p  
.05] and by the previous trial  electrode site interaction 
[F(1.2, 78.5)  6.64, p  .01]: Incongruency of the previ-
ous trial was associated with a small but significant nega-
tive deflection on the current trial, especially pronounced 
at the parietal site. Moreover, we found a significant 
trait anxiety  current trial  electrode site interaction 
[F(2.5, 84.9)  5.34, p  .01]. However, inspection of 
this complex interaction yielded no linear effects of trait 
anxiety on the conflict-related SP but a small difference 
between the three groups at the frontal site (i.e., a slightly 
higher difference between the congruent and incongru-
ent conditions in the medium-trait-anxiety group, as com-
pared with the high- and low-trait-anxiety groups), which 
is rather hard to interpret.

Correlations Among Trait Anxiety, Behavioral, 
and Electrophysiological Indices

Replicating the above-mentioned results, we detected a 
significant correlation between trait anxiety and the con-
text effect in the N400 range at the parietal (r  .32, 
p  .01; see Figure 3B) and central (r  .29, p  .05) 
sites. Thus, an increase in anxiety was associated with an 
increase in the effect of previous trial congruency on the 
N400 amplitude. This pattern remained stable when the 
effects of state anxiety and behavioral conflict adaptation 
were partialized out (parietal, r  .27, p  .05; central, 
r  .28, p  .01). Trait anxiety correlated neither with 
the N400 conflict score nor with any index of the SP.

When analyzing the relations between the psychophysi-
ological conflict scores and the behavioral interference 
scores, we detected one substantial outlier by means of 
standard methods (residual plots, Cook’s distance).1 This 
subject was therefore excluded from the respective analy-
ses. The N400 conflict score at the frontal and central sites 
was associated with interference in accuracy (frontal, r  

.28, p  .05; central, r  .28, p  .05), but not in 
the RT domain. Thus, an increase in the conflict-related 
N400 was associated with an increase in accuracy inter-
ference. Moreover, the N400 context score at the parietal 
site was correlated with conflict adaptation in the HRs 
(r  .28, p  .05). The SP conflict score was not related 
to behavioral interference. However, the SP context score 
at the parietal site was correlated with behavioral conflict 
adaptation in the HRs (r  .29, p  .05). Therefore, 
the context effect of the previous trial in the N400 and SP 
time windows was related to conflict adaptation in accu-
racy. That is, the stronger the negative-going deflections 
in the N400 and SP range in the context of an incongruent 
preceding trial, the stronger the dynamic adjustments in 
the HRs.

DISCUSSION

To our knowledge, this study is the first to investigate 
potential links between anxiety as a dispositional trait and 
dynamic adjustments in neuronal correlates of cognitive 
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to the dynamic adjustment of the motivational conflict 
detector.

It should be noted that our argumentation, thus far, is 
based solely on the assumption that the context effect 
in the N400 range reflects a reactive recruitment of a 
conflict- monitoring mechanism. However, the additional 
negative-going deflection in the context of a preceding 
incongruent trial could also mirror other cognitive mecha-
nisms, such as implementation of top-down control by the 
DLPFC (e.g., Kerns et al., 2004) and/or frontoparietal at-
tention networks (Posner & Dehaene, 1994). This could 
also explain the correlation between the N400 context 
score and the conflict adaptation effect in accuracy, in 
that, for example, a stronger implementation of attentional 
control leads to stronger conflict adaptation in behavior. 
However, the relation between electrophysiological and 
behavioral indices is not necessarily causal in nature but 
might also point to a shared underlying factor. Both the 
potential reactive recruitment of a conflict-monitoring 
mechanism and the conflict adaptation in accuracy might 
be the consequence of a common third factor (e.g., imple-
mentation of control by the DLPFC). Certainly, more re-
search is needed to disentangle the complex interrelation 
between neurocognitive and behavioral mechanisms of 
adjustments in control.

In sum, the present study goes beyond previous ap-
proaches to trait anxiety and executive functions (e.g., 
Bishop, 2009; Fales et al., 2008; J. R. Gray & Braver, 2002; 
J. R. Gray et al., 2005) by considering trial-to-trial adjust-
ments in cognitive control. We successfully demonstrated 
that trait anxiety is associated with context-dependent 
variations in the ERP, which presumably reflect the reac-
tive recruitment of a neuronal conflict-monitoring mecha-
nism. Thus, individual differences in dispositional anxiety 
appear to be linked to the way the cognitive system reacts 
and adapts to an acute need for top-down guidance. More 
studies are needed to elucidate how the reported cognitive 
pattern contributes to the development and symptomatic 
characteristics (e.g., cognitive, affective, and behavioral) 
of anxiety. Generally, our findings endorse the consider-
ation of personality constructs in research on top-down 
control, and, therefore, future research in this domain may 
also take such systematic variations between human be-
ings into account to further our understanding of complex 
cognition.
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